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— ♦ — 

The  form  which  this  book  has  taken  expresses  the  desire  of  those  who  have 
contributed  the  various  sections  to  produce  something  which  they  might  dedicate 
to  their  former  teacher  and  master,  Sir  William  Turner.  With  one  exception, 
all  the  contributors  have  studied  under  Sir  William  Turner,  and  all  but  two 
have  for  longer  or  shorter  periods  acted  as  his  Assistants.  Bound  together  by  this 
common  tie,  and  animated  by  affection  and  reverence  for  their  great  master,  they 
have  sought  to  produce  a  book  worthy  of  him  whose  teaching  it  so  largely  reflects, 
and  if  this  object  has  not  lieen  attained  it  is  not  for  want  of  will,  but  of  power,  on 
the  part  of  the  writers. 

In  the  preparation  of  a  work  such  as  this  it  is  no  easy  matter  to  prevent  over- 
lapping of  the  different  articles  and  to  keep  the  various  sections  in  harmony  with 
each  other.  Yet  in  this  direction  it  is  believed  that  a  fair  amount  of  success  has 
been  attained.  Differences  of  opinion  on  particular  points  were  l)0und  to  arise, 
but  the  Editor  found  in  those  concerned  the  greatest  readiness  to  come  to  a  mutual 
understanding,  and  he  is  deeply  grateful  to  his  colleagues  for  the  manner  in  which 
they  endeavoured  to  lighten  his  work  and  assist  him  in  his  task.  Of  course  when 
totally  different  views  were  held  by  two  authors  on  a  matter  which  had  to  be  dealt 
with  in  two  sections,  no  serious  attempt  was  made  to  urge  these  writers  to  qualify 
their  statements  so  as  to  produce  an  apparent  agreement.  It  was  felt  that  if  this 
were  done  the  individuality  of  the  author,  which  forms  a  characteristic  feature  of 
each  article  as  it  stands,  would  thereby  be  damaged ;  and  further,  it  was  believed 
that  the  same  question  discussed  from  two  different  points  of  view  could  not  fail 
to  be  of  advantage  to  the  reader.  At  the  same  time  it  is  right  to  state  that  the 
places  in  which  a  divergence  of  opinion  appears  are  very  few,  and  taking  into 
-  account  that  nine  writers  have  co-operated  with  the  Editor,  a  remarkable  degree 
of  harmony  in  the  treatment  of  the  different  sections  has  been  obtained. 

-The  recent  introduction  of  Formalin  as  a  hardening  and  preserving  reagent 
imposed  an  especially  arduous  duty  upon  those  writers  who  had  undertaken  the 
chapters  dealing  with  the  thoracic  and  aljdominal  viscera.  The  possibilities  for 
establishing  a  more  accurate  topography  and  of  improving  our  conception  of  the 
forms  assumed  by  the  viscera  under  different  conditions  have  by  this  means  been 
greatly  extended ;  and  in  preparing  the  sections  which  treat  of  these  organs  the 
writers  have  taken  full  advantage  of  the  new  method.  Much,  therefore,  which 
appears  in  this  book  on  the  topographical  relations  of  the  viscera  departs  con- 
siderably fi'om  the  older  and  more  conventional  descriptions  hitherto  in  vogue. 

The  arrangement  of  the  matter  treated  in  the  following  pages  is  very  much 
the  same  as  that  adopted  in  the  various  courses  of  lectures  delivered  in  the  schools 
from  which  the  different  sections  of  the  work  have  emanated.    The  first  chapter  is 
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devoted  to  the  general  principles  and  elementary  facts  of  Embryology.  Then 
follow,  in  an  order  best  suited  for  the  student,  the  chapters  dealing  with  the 
various  systems  of  organs ;  whilst  the  last  seventy-live  pages  are  used  for  the 
purpose  of  applying  the  information  conveyed  in  the  preceding  part  of  the  book 
to  the  practice  of  luedicine  and  surgery.  Each  chapter  is  more  or  less  complete 
in  itself,  althougli  an  effort  luas  been  made  to  weld  them  all  into  one  consistent 
whole. 

The  numerous  illustrations  which  appear  in  the  text  are  all  new  in  the  sense 
that  in  no  case  has  an  old  drawing  or  an  old  l)lock  been  used.  Further,  the  vast 
majority  of  the  illustrations  are  new  in  the  sense  tliat  they  are  original.  The 
very  few  that  are  not  have  been  taken  from  monographs  dealing  with  the  subjects 
so  illustrated,  and  in  every  case  the  source  from  which  these  have  been  obtained 
is  acknowledged  in  the  text.  The  drawings  for  eacli  section  were  prepared  imder 
the  personal  supervision  of  its  author,  and,  with  the  exception  of  the  figures  in 
two  chapters,  they  are  the  work  of  Mr.  J.  T.  Murra}'.  This  talented  artist  has 
devoted  much  time  to  the  undertaking,  and  the  reader  can  judge  for  himself  the 
success  which  has  attended  his  efforts.  The  Editor  cannot  sufficiently  express  his 
indebtedness  to  Mr.  Murray  for  the  great  technical  skill  and  the  patience  which  lie 
brought  to  bear  upon  this  extremely  trying  and  difficult  work.  The  chapter  on 
Osteology  has  been  illustrated  by  Mr.  W.  C.  Stevens  ;  that  upon  Embryology  by 
the  authors  themselves  ;  whilst  the  microscopical  drawings  in  the  section  on  the 
]5rain  and  Cord  were  executed  by  Mr.  Wm.  Cathie.  It  is  also  necessary  to  mention 
tliat  the  coloured  outlines  representing  the  attachments  of  the  muscles  on  the 
figures  of  the  bones  were  mapped  in  by  Professor  A.  M.  Paterson. 

The  Editor  has  to  thank  his  former  Assistant,  Professor  A.  F.  Dixon  of  Cardiff, 
for  much  help  in  the  correction  of  the  proofs. 


TiiiNiTV  College,  Dublin, 
June  1902. 
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 ♦  

INTRODUCTION. 

Anatomy  is  a  comprehensive  term,  which  includes  several  closely  related  branches 
of  study.  Primarily  it  is  employed  to  indicate  the  study  of  the  several  parts 
which  build  up  the  body,  and  the  relationship  which  these  present  to  each  other. 
But  during  the  period  of  its  existence  the  individual  exhibits  many  structural 
changes :  its  structure  is  not  the  same  at  all  stages  of  its  life.  The  ovum  or 
starting-point  of  every  individual  is  very  different  from  the  finished  organism  as 
represented  by  the  adult,  and  the  series  of  changes  through  which  the  organism 
passes  until  its  structure  is  perfected  and  full  growth  is  attained  constitute  the 
study  of  development.  The  general  term  "  development "  includes  not  only  the 
various  and  striking  structural  changes  which  occur  during  the  intrauterine  life  of 
the  individual,  to  the  study  of  which  the  term  embryology  is  more  specially  applied, 
but  also  many  growth  processes  which  occur  after  birth,  such  as  the  later  stages  in 
the  ossification  and  growth  of  the  bones,  the  eruption  of  the  two  series  of  teeth,  the 
adjustment  of  the  vascular  system  to  its  new  requirements,  etc.  The  actual  obser- 
vation of  the  processes  by  which  the  parts  of  the  body  are  gradually  formed,  and  of 
the  structural  arrangements  by  means  of  which  a  temporary  connection  is  estab- 
lished between  the  ovum  and  the  mother,  through  which  an  interchange  of 
nutritive  and  other  matters  between 'the  two  takes  place,  renders  embryology  one 
of  the  most  interesting  of  all  the  departments  of  anatomy.  The  term  ontogeny  is 
also  used  to  denote  the  development  of  the  individual.  There  is,  however,  another 
form  of  development,  slower,  but  just  as  certain  in  its  processes,  which  affects  not 
only  the  individual,  but  every  member  of  the  animal  group  collectively  to  which  it 
belongs.  The  theory  of  descent  or  evolution  leads  us  to  believe  that  between  man 
of  the  present  day  and  his  remote  ancestors  there  is  a  wide  structural  gap,  which, 
if  the  geological  record  were  perfect,  would  be  seen  to  be  completely  occupied  by 
long-lost  intermediate  forms.  In  the  process  of  evolution,  therefore,  structural 
changes  have  gradually  taken  place,  which  have  modified  the  entire  race.  A  more 
or  less  close  or  remote  blood-relationship  links  together  all  the  members  of  the 
animal  kingdom.  These  evolutionary  phases  constitute  the  ancestral  history  or 
phylogeny  of  the  individual.  Ontogeny  and  phylogeny  are  intertwined  in  a 
remarkable  manner,  and  present  certain  extraordinary  relationships.  In  other 
words,  the  ancestral  evolutionary  development  appears  to  be  so  stamped  upon  an 
individual  that  it  repeats  certain  of  the  phylogenetic  stages  with  more  or  less 
clearness  during  the  process  of  its  own  individual  development.  Thus  at  an  early 
period  in  the  embryology  of  man  we  recognise  evanescent  gill-slits  comparable  with 
those  of  a  fish,  whilst  a  study  of  the  development  of  his  heart  shows  that  it  passes 
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through  transitory  structural  conditions  in  many  respects  similar  to  the  permanent 
condition  of  the  heart  in  certain  of  the  lower  animals.  It  is  in  connexion  with 
this  that  the  phrase  has  arisen  that  every  animal  in  its  individual  development  or 
ontogeny  climbs  up  its  own  genealogical  tree :  a  saying  which,  taking  it  even  in 
the  broadest  sense,  is  only  partially  true. 

The  higher  conceptions  of  anatomy,  which  are  obtained  by  taking  a  general 
survey  of  the  structural  aspects  of  the  entire  animal  kingdom,  constitute  morphology. 
The  morphologist  investigates  the  laws  of  form  and  structure,  and  in  his  generalisa- 
tions he  gives  attention  to  detail  only  in  so  far  as  this  is  necessary  for  the  proper 
establishment  of  his  views.  The  knowledge  of  anatomy  which  is  required  by  the 
student  of  medicine  is  different.  It  is  essentially  one  of  detail,  and  often  details 
important  from  the  practical  and  utilitarian  points  of  view  have  little  or  no 
morphological  value.  This  want  of  balance  in  the  interest  attached  to  anatomical 
facts,  according  to  the  aspect  from  which  they  are  examined,  so  far  from  being 
unfortunate,  affords  the  teacher  the  means  of  making  the  study  of  anatomy  at  once 
fascinating  and  attractive.  Almost  every  fact  which  is  brought  under  the  notice 
of  the  student  can  be  accompanied  by  a  morphological  or  a  practical  application. 
This  it  is  that  lightens  a  study  which,  presented  to  the  student  of  medicine  in  any 
other  way,  would  be  at  once  dry  and  tedious. 

Certain  terms  employed  in  morphology  require  early  and  definite  explanation. 
These  are  homology,  serial  homology,  and  homoplasy.  The  same  organ  repeated  in 
two  different  animals  is  said  to  present  a  case  of  homology.  But  this  morphological 
identity  between  these  two  organs  must  be  proved  beyond  dispute  before  the 
homology  between  them  can  be  allowed.  In  deciding  this  identity  the  great  and 
essential  test  is  that  the  two  organs  in  question  should  have  a  similar  develop- 
mental origin.  Thus  the  fore-limb  of  a  quadruped  is  homologous  with  the  upper 
limb  of  man ;  the  puny  collar-bone  of  a  tiger,  the  fibrous  thread  which  is  the  only 
representative  of  this  bone  in  the  horse,  and  the  strongly  marked  clavicle  of  the 
ape  or  man,  are  all,  strictly  speaking,  homologous  with  each  other.  Homologous 
organs  in  different  animals  usually  present  a  similar  position  and  a  similar 
structure,  but  not  invariably  so.  It  is  not  uncommon  for  a  muscle  to  wander 
somewhat  from  its  original  position,  and  many  cases  could  be  quoted  in  which 
parts  have  become  completely  transformed  in  structure,  either  from  disuse  or  for 
the  purpose  of  meeting  some  special  demand  in  the  animal  economy.  In  the  study 
of  the  muscles  and  ligaments  instances  of  this  will  be  brought  under  the  notice  of 
the  reader.  Identity  or  correspondence  in  the  function  performed  by  two  organs 
in  two  ditiVrent  animals  is  not  taken  into  consideration  in  deciding  questions  of 
homology.  The  gills  of  a  fish  and  the  lungs  of  a  higher  vertebrate  perform  very 
much  the  same  physiological  office,  and  yet  they  are  not  homologous.  The  term 
analogy  is  often  used  to  express  functional  correspondence  of  this  kind.  Often 
organs  which  perform  totally  different  functions  are  yet  perfectly  homologous. 
Thus  the  wing  of  a  bat  or  the  wing  of  a  bird,  both  of  which  are  subservient  to 
flight,  are  homologous  with  the  upper  \imh  of  man,  the  office  of  which  is  tlie 
different  one  of  prehension. 

In  the  construction  of  vertebrates  and  certain  otlier  animal  groups  a  series  of 
similar  parts  are  repeated  along  a  longitudinal  axis,  one  after  the  other.  Thus  the 
series  of  vertebr;e  which  ])uild  up  the  backbone,  the  series  of  ribs  whicli  gird  round 
either  side  of  the  chest,  the  series  of  intercostal  muscles  whicli  fill  up  the  intervals 
between  the  ril)s,  the  series  of  nerves  which  arise  from  the  fjraiu  and  spinal  cord, 
are  all  exain]>les  of  tliis.  An  animal  exliiljiting  such  a  condition  of  parts  is  said  to 
present  the  segmental  type  of  organisation,  and  in  tlie  early  stages  of  development 
this  segmentation  is  much  more  strongly  marked,  and  is  to  be  seen  in  parts  which 
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subsequently  lose  all  trace  of  such  a  subdivision.  The  parts  thus  repeated  are  said 
to  be  serially  homologous.  But  there  are  other  instances  of  serial  homology  besides 
those  which  are  manifestly  produced  by  segmentation.  The  upper  limb  is  serially 
homologous  with  the  lower  limb  :  each  is  composed  of  parts  which,  to  a  large 
extent,  are  repeated  in  the  other,  and  the  correct  adjustment  of  this  comparison 
between  the  several  parts  of  the  upper  and  lower  limbs  constitutes  one  of  the  most 
difficult  and  yet  interesting  problems  of  morphology. 

Homoplasy  is  a  term  which  has  been  introduced  to  express  a  form  of  corre- 
spondence between  organs  in  different  animals  which  cannot  be  included  under 
the  term  homology.  Two  animal  groups,  which  originally  have  sprung  from 
the  same  stem-form,  may  independently  develop  a  similar  structural  character 
which  is  altogether  absent  in  the  ancestor  common  to  both.  Thus  the  common 
ancestor  of  man  and  the  carnivora  in  all  probabihty  possessed  a  smooth  brain,  and 
yet  the  human  brain  and  the  carnivore  brain  are  both  richly  convoluted.  Not 
only  this,  but  certain  anatomists  seek  to  reconcile  the  convolutionary  pattern  of 
the  one  with  the  convolutionary  pattern  of  the  other.  What  correspondence  there 
is  does  not  constitute  a  case  of  homology,  because  there  is  no  community  of  origin, 
but  it  falls  under  the  term  "  homoplasy."  Another  example  is  afforded  by  the 
heart  of  the  mammal  and  that  of  the  bird.  In  both  of  these  groups  the  ventricular 
portion  of  the  heart  consists  of  a  right  and  a  left  chamber,  and  yet  these  chambers 
in  the  one  are  not  homologous  with  the  corresponding  chambers  in  the  other, 
because  the  common  ancestor  from  which  both  have  sprung  possessed  a  heart  with 
a  single  ventricular  cavity,  and  the  double -chambered  condition  has  been  a 
subsequent  and  independent  development  in  the  two  groups. 

Systematic  Anatomy. — The  human  body  is  composed  of  a  combination  of 
several  systems  of  organs,  and  the  several  parts  of  each  system  not  only  present  a 
certain  similarity  in  structure,  but  also  fulfil  special  functions.    Thus  we  have — 

1.  The  skeletal  system,  composed  of  the  bones  and  certain  cartilaginous  and 
membranous  parts  associated  with  them,  the  study  of  which  is  known  as  osteology. 

2.  The  articulatory  system,  which  includes  the  joints  or  articulations,  the  study 
of  which  is  termed  arthrology. 

3.  The  muscular  system,  comprising  the  muscles,  the  study  of  which  constitutes 
myology. 

4.  The  nervous  system,  in  which  are  included  the  brain,  the  spinal  cord,  the 
spinal  and  cranial  ganglia,  the  sympathetic  ganglia,  and  the  various  nerves 
proceeding  from  and  entering  these.  The  study  of  these  parts  is  expressed  by  the 
term  neurology.    In  this  system  the  organs  of  sense  may  also  be  included. 

5.  The  vascular  and  lymphatic  system,  including  the  heart,  blood-vessels,  the 
lymphatic  vessels,  and  the  lymphatic  glands.  Angeiology  is  the  term  applied  to  the 
study  of  this  system. 

6.  The  respiratory  system,  in  which  we  place  the  lungs,  windpipe,  and  larynx. 

7.  The  digestive  system,  which  consists  of  the  alimentary  canal  and  its  associated 
glands  and  parts,  such  as  the  tongue,  teeth,  liver,  pancreas,  etc. 

8.  The  urogenital  system,  composed  of  the  urinary  organs  and  the  reproductive 
organs — the  latter  differing  in  the  two  sexes. 

The  term  splanchnology  denotes  the  study  of  the  organs  included  in  the 
respiratory,  digestive,  and  genito-urinary  systems. 

9.  The  integumentary  system,  consisting  of  the  skin,  nails,  hair,  etc. 

These  numerous  organs  which  form  the  various  systems  are  themselves  Imilt  up 
of  tissues,  the  ultimate  elements  of  which  can  only  be  studied  by  the  aid  of  the 
microscope.    The  study  of  these  elements  and  the  manner  in  which  they  are 
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grouped  together  to  form  the  various  tissues  of  the  body  forms  an  important  branch 
of  anatomy,  which  is  termed  histology. 

The  structure  of  the  human  body  may  be  studied  in  two  different  ways.  The 
several  parts  may  be  considered  with  reference  to  their  relative  positions,  either  as 
they  are  met  with  in  tlie  course  of  an  ordinary  dissection,  or  as  they  are  seen  on 
the  surface  of  a  section  through  the  body.  This  is  the  topograiihical  method.  On 
the  other  hand,  the  several  systems  of  organs  may  be  treated  separately  and  in 
sequence.  This  constitutes  the  systematic  method,  and  it  is  the  plan  which  is 
adhered  to  in  this  treatise. 

Descriptive  Terms. — Anatomy  is  a  descriptive  science-  founded  on  observation, 
and  in  order  that  precision  and  accuracy  may  be  attained  it  is  absolutely  necessary 
that  we  should  be  provided  with  a  series  of  well-defined  descriptive  terms.  It  must 
be  clearly  understood  that  all  descriptions  are  framed  on  the  supposition  that  the 
body  is  in  the  erect  position,  with  the  arms  by  the  side  and  the  hands  held  so  that 
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Fig.  1. — Horizontal  Section  through  the  Tuunk  at  the  Level  of  the  Fhist  Lumbak  Vektebra. 

the  palms  look  forwards  and  the  thumbs  outwards.  •  An  imaginary  plane  of 
section,  passing  longitudinally  through  the  body  so  as  to  divide  it  accurately  into  a 
right  and  left  half,  is  called  the  mesial  plane.  Fig.  1  (M.P.).  When  the  right  and 
left  halves  of  the  body  are  studied  it  will  be  found  that  both  are  to  a  large  extent 
formed  of  similar  parts.  The  right  and  left  limbs  are  alike ;  the  right  and  left 
halves  of  the  brain  are  the  same ;  there  are  a  right  and  left  kidney  and  a  riglit  and 
left  lung,  and  so  on.  So  far,  the  organs  are  said  to  be  symmetrically  arranged. 
But  still  a  large  amount  of  asymmetry  may  be  observed.  Thus  the  chief  bulk  of 
the  liver  lies  to  the  right  side  of  the  mesial  plane,  and  the  spleen  is  an  organ 
which  belongs  wholly  to  the  left  half  of  the  body.  Indeed  it  is  well  to  state  that 
perfect  symmetry  never  does  exist.  There  always  will  be,  and  ah\'ays  must  be,  a 
certain  want  of  balance  between  symmetrically  placed  parts  of  the  body.  Thus 
the  right  upper  limb  is,  as  a  rule,  constructed  upon  a  heavier  and  more  massive 
plan  than  the  left,  and  even  in  those  organs  where  the  symmetry  appears  most 
perfect,  as  for  instance  the  brain  and  spinal  cord,  it  only  requires  a  closer  study  to 
reveal  many  points  of  difference  between  the  right  and  left  halves.  The  line 
on  the  front  of  the  body  along  which  the  mesial  plane  reaches  the  surface  is 
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termed  the  anterior  median  line ;  whilst  the  corresponding  line  behind  is  called  the 
posterior  median  line.  It  is  convenient  to  employ  other  terms  to  indicate  other 
imaginary  planes  of  section  through  the  body.  The  term  sagittal  is  therefore  used 
to  denote  any  plane  which  cuts  through  the  body  along  a  path  which  is  parallel  to 
the  mesial  plane  (S  S') ;  and  the  term  coronal  or  frontal  is  given  to  any  vertical 
plane  which  passes  through  the  body  in  a  path  which  cuts  the  mesial  plane  at  right 
angles  (C  C).  The  term  horizontal  as  applied  to  a  plane  of  section  requires  no 
explanation.  Any  structure  which  lies  nearer  to  the  mesial  plane  r.han  another  is 
said  to  be  internal  or  mesial  to  it ;  and  any  structure  placed  further  from  the 
mesial  plane  than  another  is  said  to  lie  external  or  lateral  to  it.  Thus  in  Fig.  1, 
A  is  external  to  B  ;  whilst  B  is  internal  to  A. 

The  terms  anterior  and  ventral  are  synonymous,  and  are  used  to  indicate  a 
structure  (D)  which  lies  nearer  to  the  front  or  ventral  surface  of  the  body  than 
another  structure  (E)  which  is  placed  nearer  to  the  back  or  dorsal  surface  of  the 
body,  and  which  is  thus  said  to  be  posterior  or  dorsal.  In  some  respects  it  would 
be  well  to  discard  the  terms  "  anterior  "  and  "  posterior  "  in  favour  of  "  ventral " 
and  "  dorsal,"  seeing  that  the  former  are  only  applicable  to  man  in  the  erect 
attitude,  and  cannot  be  applied  to  an  animal  in  the  prone  or  quadrupedal  position. 
They  have,  however,  become  so  deeply  ingrained  into  the  descriptive  language  of 
the  human  anatomist  that  it  would  hardly  be  advisable  at  the  present  moment  to 
adopt  this  course.  A  similar  objection  may  be  raised  to  the  terms  superior  and 
inferior,  which  are  employed  to  indicate  the  relative  levels  at  which  two  structures 
lie  with  reference  to  the  upper  and  lower  ends  of  the  body.  The  equivalent  terms 
of  cephalic  and  preaxial  are  therefore  frequently  used  in  place  of  "  superior,"  and 
caudal  and  postaxial  in  place  of  "inferior." 

The  terms  proximal  and  distal  should  only  be  applied  in  the  description  of  the 
limbs.  They  denote  relative  nearness  to  or  distance  from  the  trunk.  Thus  the 
hand  is  distal  to  the  forearm,  whilst  the  upper  arm  or  brachium  is  proximal  to  the 
forearm. 
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By  Alfred  H.  Young  and  Arthur  Eobinson. 

Although  the  tissues  and  organs  of  the  body  when  fully  formed  differ  greatly 
not  only  in  respect  of  their  functional  characteristics  but  also  with  regard  to  their 
structural  features,  they  are  developed  from  cell  elements  which,  at  first,  cannot  be 
distinguished  from  one  another,  and  all  of  which  are  the  offspring  of  parent  cells — 
the  female  cell  or  ovum,  and  the  male  cell  or  spermatozoon.  Developmental  processes 
take  place  in  the  female  cell  alone,  but  they  cannot  occur  unless  the  essential 
elements  of  a  sperm  or  male  cell  previously  iniite  with  it. 

Like  all  animal  cells,  the  ovum  is  a  mass  of  protoplasm  (cytoplasm)  containing 
a  nucleus.  In  many  cells  the  cytoplasm  or  cell  body  is  itself  enclosed  by  an  ex- 
ternal investing  membrane,  the  cell  wall,  and  probably  there  is  such  a  membrane 
in  the  ovum.  Speaking  generally,  animal  cells  are  minute  structures,  those  of  the 
human  body  rarely  attaining  a  diameter  of  more  than  about  '083  mm.,  but  they 
vary  somewhat  in  size,  they  assume  different  forms,  and  they  acquire  characteristic 
peculiarities  associated  with  their  positions  and  functions ;  thus,  whilst  the  majority 
of  the  constituent  cells  of  an  individual  form  the  various  tissues  and  organs  of  the 
body,  others  become  reproductive  or  germinal  cells. 

Ova  are  simply  specialised  cells  modified  and  adapted  for  the  purpose  of  repro- 
duction and  the  continuance  of  the  species.  Tliey  are  developed  in  the  ovary, 
one  of  the  female  generative  organs,  in  the  cell-lined  spaces  known  as  Graafian 
follicles. 

When  an  ovum  has  reached  a  certain  stage  of  development  it  is  discharged  from 
the  ovary,  and  passing  along  the  ovfduct  or  Fallopian  tube  it  eventually  reaches 
the  cavity  of  the  uterus.  Though  mature  and  capable  of  being  fertilised  it  may 
not  be  impregnated,  in  which  case  it  does  not  remain  in  the  uterus  but  is  cast  out 
from  that  organ.  If,  however,  it  becomes  fertilised  by  union  with  the  male  germinal 
element  it  is  retained  in  the  uterus,  and  develops  [into  an  embryo  wliich  possesses 
all  the  characteristic  features  of  the  species  to  which  it  belongs  and  most  of  the 
special  peculiarities  of  its  parents. 

When  the  embryo,  or  the  fcetus  as  it  is  termed  after  it  has  assumed  definite 
form,  is  capable  of  independent  existence,  its  intrauterine  life  terminates,  and 
it  is  separated  from  the  rest  of  the  ovum  and  is  born.  The  development  of  the 
individual,  however,  is  not  complete,  nor  does  it  become  complete  until  the  new 
being  reaches  the  adult  condition. 

The  term  embryology  is  sometimes  used  to  include  the  consideration  of  all  the 
developmental  changes  and  processes  which  take  place  in  the  ovum  from  the  begin- 
ning up  to  the  final  adult  stage.  It  is  more  convenient,  however,  to  restrict  its 
application  to  the  study  of  those  changes  which  take  place  during  the  development 
and  growth  of  the  organism  before  the  foetus  is  separated  from  the  ovum,  or,  in 
other  words,  during  its  intrauterine  existence. 

Briefly  epitomised,  the  sequence  of  changes  is  as  follows.  Impregnation  of  the 
primitive  nucleated  ovum  is  followed  by  segmentation  or  cleavage.  By  a  series  of 
successive  divisions  the  egg-cell  is  divided  into  two,  four,  eight,  and  ultimately  into 
a  large  number  of  cells,  and  so  is  transformed  into  a  multicellular  mass,  the  morula. 
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The  majority  of  the  "  segmentation  masses "  or  cells,  Llastomeres,  as  they  are 
termed,  are  differentiated  into  tissue  elements,  but  a  certain  number  retain  the 
characters  of  the  original  germ-cells  and  become  ova  or  sperm-cells,  which  form  the 
"points  of  departure"  of  succeeding  generations.  Every  germ -cell  is  derived, 
therefore,  "  by  a  continuous  and  unbroken  series  of  cell  divisions  "  which  have  ex- 
tended through  the  past,  from  the  most  primitive  ancestor,  and  it  forms  a  point 
from  which,  under  ordinary  circumstances,  all  future  generations  will  commence. 
It  is  in  this  sense  that  the  changes  through  which  a  living  being  passes  in  the 
course  of  its  life  "  may,  in  their  completest  form,  be  considered  as  constituting 
a  morphological  cycle,  beginning  with  the  ovum  and  ending  with  the  ovum 
again." 

To  follow  these  changes  it  is  necessary  that  the  characters  and  capabilities  of 
the  constructive  elements  should  be  clearly  understood.  The  animal  cell,  which 
plays  an  all-important  part  in  the  life-history  of  the  individual,  and  the  modified 
germ-cells  must  be  carefully  studied,  and  as  far  as  possible  the  exact  nature  of  their 
constituent  parts  ascertained. 

Tlie  phenomena  of  impregnation  and  segmentation,  and  the  subsequent  develop- 
mental processes  and  morphological  changes  which  result  in  the  formation  of  the 
embryo,  and,  finally,  the  arrangements  for  the  nutrition  and  protection  of  the  ovum 
during  its  intrauterine  existence,  will  then  be  considered. 


THE  ANIMAL  CELL. 


Cells  ai'e  the  structural  units  of  the  body.  Each  cell  has  an  individual  life- 
history  within  the  tissue  or  organ  to  which  it  belongs,  it  is  produced  by  a  pre- 
existing cell,  it  develops  and  grows,  is  modified  by  circumstances,  reproduces  otlier 
cells  similar  to  itself,  and  dies. 

A  cell  possesses  a  body  and  a  nucleus.  An  external  investing  membrajie 
or  cell  wall  may  or  may  not  be  differentiated. 

The  cell  body  consists  of  proto- 
plasm— =an  unstable,  highly  complex 
organic  substance,  tlie  constitution 
of  which  is  approximately  repre- 


Nucleohi 


Nucleus 


Spongioplasni 
(cyto-reticuluiii) 


Uyaloplasm 


Attraction  sphere 


Ceiitrosoine 


Fio.  2. — Diagram  of  an  Animal  Cell. 


sented  by  the  formula  CgoHjQgNjgC.jQ. 
It  is  colourless,  semi-fiuid,  viscous, 
insoluble  in  water,  capable  of 
osmosis,  and  it  is  contractile  and 
irritable.  In  the  living  condition 
it  always  contains  a  certain  amount 
of  water  and  various  inorganic 
matters.  It  is  to  be  observed,  how- 
ever, that  there  are  many  varieties 
of  protoplasm,  differing  somewhat  in  nature  and  qualities. 

The  protoplasm  of  the  cell  body  is  called  cytoplasm.  Under  low  powers  of  the 
microscope  it  is  homogeneous  or  slightly  granular,  but  witli  higher  magnification, 
and  especially  after  the  application  of  staining  agents,  it  is  possible  to  distinguisli — 

(1)  A  highly  refractile,  elastic,  and  extensile  network — the  csrto-reticulum  or 

spongioplasm — the  meshes  of  which  are  filled  with 

(2)  A  clear,  semi-fluid  substance — the  cytolsnnph  or  hyaloplasm. 

The  fibres  of  the  reticulum  present  some  few  minute  rounded  bodies  of  doubtful 
nature,  which  are  termed  microsomes. 

The  nucleus  is  a  spherical  vesicle  embedded  in  the  cell  body.  It  is  surrounded 
by  a  distinct  nuclear  membrane,  and  usually  contains  nucleoli. 

It  consists  of  modified  protoplasm,  which  is  termed  karyoplasm,  the  precise  rela- 
tion of  which  to  the  cytoplasm  is  not  clear.  Structurally  it  resembles  cytoi)lasm  in 
that  it  })resents  a  fine  reticulum,  the  fibres  of  which  seem  to  be  continuous  with  the 
cyto-reticulum  through  the  nuclear  membrane,  whilst  its  meshes  are  occupied  by 
nuclear  juice. 

The  reticulum  forms  a  fine  network  composed  of  linin  fibres  (achromatic 


THE  ANIMAL  CELL. 


9 


substance).  There  is  also  a  coarser  network,  more  readily  stainable,  consisting  of 
chromatin,  granular  portions  of  which  may  also  be  embedded  in  the  linin.  Instead 
of  forming  a  coarse  network  the  chromatin  may  be  arranged  in  the  form  of  a  con- 
voluted cord,  or  as  a  number  of  separate  filaments,  and  in  certain  cases  it  constitutes 
a  series  of  loops  from  which  secondaiy  branches  are  projected,  the  apices  of  the 
loops  being  grouped  together  at  one  pole  of  the  nucleus  round  a  clear  area  known 
as  the  "  polar  field." 

The  nuclear  membrane  consists  of  both  chromatin  and  linin. 

Nucleoli  are  of  two  kinds,  true  and  false.  A  true  nucleolus  is  a  small, 
refractile  particle,  of  spherical  outline,  embedded  in  the  reticiilum.  It  stains 
deeply,  and  is  said  to  consist  of  a  special  modification  of  the  karyoplasm  which  is 
called  pyrenin.    False  nucleoli  are  simply  the  nodes  of  the  chromatin  reticulum. 

The  nucleus  is  capable  of  motion  ;  it  has  been  seen  to  alter  its  shape  in 
the  living  cell,  and  it  undoubtedly  plays  an  active  part  in  the  process  of  cell 
reproduction. 

In  addition  to  the  nucleus  many  cells  contain  one  or  more  small  rounded  bodies 
called  centrosomes.  Possibly  they  are  only  condensed  portions  of  the  cyto- 
reticulum.  They  lie  within  a  clear  space  which  is  known  as  an  attraction 
sphere,  fiom  which  numerous  fine  lines  radiate. 

Centrosomes  become  very  evident  when  reproduction  commences,  but  are  not 
so  distinct  at  other  times. 

The  attraction  sphere  also  becomes  more  evident  when  cell-division  commences, 
and  the  contained  centrosome  as  well  as  the  radii  which  project  from  it  appear  to 
play  important  parts  in  the  reproductive  process. 

Reproduction  of  Cells. — Cell  division  or  reproduction  may  take  place  either — 

1.  By  threct  division — amitosis  ; 

2.  By  indirect  division — mitosis  or  karyokinesis. 

In  the  amitotic  or  direct  form  of  division  the  nucleus,  and  then  the  cell  body, 
are  equatorially  constricted,  the  constrictions  deepen  until  both  are  completely 
divided,  and  so  two  daughter  cells  are  produced.  Apparently  the  attraction  sphere 
and  centrosome  play  some  part  in  this  process,  but  whether  their  influence  is 
initiative  or  directive  is  unknown. 


A  B  c  D  B 


F  G  H  J  K  L 


Fig.  3. — Cell  Division. 

Successive  stages  of  mitosis  or  karyokinesis  (diagrammatic,  modified  from  Hennegiiy).  A,  B,  C,  D,  and  E 
illustrate  the  plieuoinena  of  the  prophase  ;  F  those  of  the  metaphase  ;  G  aud  H  those  of  the  anaphase  ; 
J,  K,  and  L  those  of  the  telophase. 

Mitosis,  the  process  of  indirect  division,  is  by  far  the  most  common  mode  of 
cell-division.  It  is  a  complex  process,  and  the  phenomena  observable  during  its 
progress  are  classified  into  four  groups :  (1)  the  prophase,  (2)  the  metaphase,  (3)  the 
anaphase,  and  (4)  the  telophase. 
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The  phenomena  of  the  prophase  commence  with  the  division  of  the  centrosome 
and  attraction  sphere  into  two  parts  which  travel  to  opposite  poles  of  the  nucleus. 
At  the  same  time  the  reticulum  of  the  nucleus  disappears,  and  in  its  place  a  con- 
voluted cord  of  chromatin,  the  skein  or  spirem,  is  formed  (Fig.  3,  A,  B,  and  C) ; 
this  is  afterwards  broken  up  into  a  number  of  segments  which  may  be  mere  rods, 
but  which  more  frequently  have  the  form  of  V-shaped  loops  (Fig.  3,  D).  The 
nucleoli  disappear,  and  some  of  the  filaments  which  radiate  from  the  newly-formed 
attraction  spheres  seem  to  penetrate  the  nuclear  membrane  at  the  poles  of  the 
nucleus.  The  nuclear  membrane  subsequently  disappears,  and  the  filaments 
passing  from  the  attraction  spheres  into  the  nucleus  form  two  cones,  the  bases  of 
which  meet  at  the  equator  of  the  nucleus,  where  they  fuse  together,  forming  an 
acliromatic  spindle  which  extends  between  the  two  attraction  spheres  (Fig.  3,  E). 

The  loops,  or  rods,  of  chromatin  are  gradually  grouped  at  the  equator  of  the 
spindle,  eacli  rod,  or  chromosome,  being  apparently  connected  with  one  of  the 
achiomatic  fibrils ;  and  the  prophase  is  completed. 

In  the  metaphase  each  chromosome  is  split  into  two  halves — daughter  chromo- 
somes— which  separate  from  one  another ;  the  separation  commences  at  the  apex  of 
each  V-shaped  chromosome,  which  appears  to  be  attached  to  an  achromatic  fibril 
(Fig.  3,  F). 

In  the  anaphase  the  daughter  chromosomes  pass  to  the  opposite  poles  of  the 
spindle.  It  is  suggested  that  this  is  brought  about  by  the  contraction  of  the 
spindle  fibrils,  but -this  is  doubtful,  and  it  is  noteworthy  that  in  some  cases  fine 
achromatic  fibrils  connecting  the  separated  daughter  chromosomes  are  present 
(Fig.  3,  G  and  H).  Slightly  before,  or  simultaneously  with,  the  completion  of  the 
anaphase  the  cell  body  is  equatorially  constricted. 

During  the  telophase  the  constriction  deepens  and  the  cell  is  divided  into  two 
daughter  cells.  Whilst  tliis  division  is  taking  place  the  daughter  chromosomes, 
which  are  grouped  in  the  neighbourhood  of  each  attraction  sphere  at  opposite  ends 
of  the  spindle,  unite  into  a  convoluted  cord,  round  which  a  nuclear  membrane  is 
formed,  whilst  the  cord  is  converted  into  a  reticulum,  and  nucleoli  appear  (Fig.  3, 
J,  K,  L).  Therefore  when  the  separation  of  the  daughter  cells  is  completed,  at  the 
end  of  the  telophase,  each  possesses  all  the  characteristic  features  of  the  mother 
cell. 

Reproductive  Cells. — The  germinal  elements,  the  union  of  which  is  essential 
to  the  formation  of  a  new  being,  are  the  ovum  or  female  element,  and  the  sperma- 
tozoon or  male  element. 

THE  OVUM. 

Structurally  an  ovum  presents  all  the  characteristic  features  of  a  typical  cell. 
It  is  peculiar  because  of  the  large  size  of  the  nucleus  and  nucleolus  and  in  the 
possession  of  two  investing  membranes,  an  inner  one,  the  vitelline  membrane, 
wliieh  corresponds  to  the  cell  wall,  and  an  outer  one,  the  oolemma  or  zona  pellucida. 
Moreover,  the  nucleus  always  occupies  an  excentric  position  in  the  cytoplasm,  and 
the  cell  body  contains  nutritive  material  in  the  form  of  yolk  granules. 

The  constituent  parts  of  an  ovum  have  received  distinctive  names,  however ; 
thus  the  cell  body  is  known  as  the  yolk  or  vitellus,  the  nucleus  is  termed  the 
germinal  vesicle,  and  the  true  niicleolus  is  called  the  germinal  spot. 

Vitellus  or  Yolk. — The  body  of  the  ovum,  consisting  as  in  an  ordinary  cell  of 
cytoplasm  resolvable  into  reticulum  and  sap,  contains  also  numerous  granules  of 
small  but  varying  size  called  yolk  granules.  These  are  highly  refractile,  fatty,  and 
albuminoid  bodies  containing  phosphorus  and  mineral  salts ;  collectively  they 
constitute  tlie  deutoplasm  or  nutritive  yolk,  in  contradistinction  to  the  cytoplasm  or 
formative  yolk. 

Nutritive  or  food  yolk  plays  an  important  part  in  development.  In  some 
animals  it  is  the  only  means  of  support  for  the  embryo  wliilst  in  the  ovum  ;  in  most 
mammals,  on  the  other  hand,  the  embryo  is  supplied  almost  from  the  first  with 
food  not  from  the  egg  itself,  but  directly  from  the  mother  through  the  placenta. 
The  amount  of  deutoplasm  present  in  the  ova  of  different  animals  therefore  varies 
greatly. 
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Ova  in  which  there  is  no  deutoplasm  are  spoken  of  as  alecithal.  Siich  ova,  if 
they  exist,  are  very  rare  ;  most  of  those  usually  classed  under  this  head  undoubtedly 
contain  a  certain  amount  of  deutoplasm  granules  scattered  throughout  the  cyto- 
plasm, and  are  better  described  by  the 
term  oligolecithal.  The  size  of  an  ovum 
is  determined  by  the  amount  of  food  yolk 
present,  and  all  oligolecithal  ova  are  small ; 
the  human  ovum,  vs'hich  may  be  taken  as 
a  type  of  the  class,  is  about  '2  mm.,  or 
y^-jth  of  an  inch  in  diameter. 

As  the  deutoplasm  is  increased  in 
amount  the  ovum  is  increased  in  size. 
The  deutoplasm  also  tends  to  accumulate 
in  certain  situations ;  if  the  accumulation 
is  at  one  extremity  of  the  cell  the  ovum 
is  described  as  telolecithal ;  such  ova  are 
naturally  divisible  into  two  areas  or  poles, 
a  cytoplasmic  or  formative  pole,  and  a 
deutoplasmic  or  nutritive  pole. 

In  eutelolecithal  ova  the  deutoplasm 
almost  entirely  displaces  the  cytoplasm 
from  one  pole,  as  in  the  egg  of  the  fowl, 
in  which  the  cytoplasm  is  represented  by 
a  disc  spread  over  one  pole  of  a  large 
deutoplasmic  mass.  In  many  of  the 
arthropoda  the  deutoplasm  accumulates 
at  the  centre  of  the  ovum,  which  is  there- 
fore termed  centrolecithal. 

The  germinal  vesicle  or  nucleus  of 
the  human  ovum  is  about  '05  mm.  or  -^-^th  of  an  inch  in  diameter, 


Fig.  4. — The  Ovdm  and  its  Coverings 
(Diagrammatic). 
The  corona  radiata,  which  completely  surrounds  the 
ovum,  is  only  represented  in  the  lower  part  of 
the  figure. 

1.  Corona  radiata.  ■     5.  Vitellus  or  Yolk. 

2.  Granular  layer.  C.  Germinal  vesicle  (nucleus). 

3.  Vitelline  membrane.  7.  Germinal  spot  (nucleolus). 

4.  Zona  pellucida  (oolemma).  S.  Nuclear  membrane. 


I.e. 


the 

size  of  the  whole  ovum.  It  lies  excentrically  in  the  yolk,  and  has  the  usual 
characters  of  a  cell  nucleus,  i.e.  it  possesses  a  nuclear  membrane  within  which  is 
the  karyoplasm,  divisible  into  reticulum  or  nucleoplasm,  and  nuclear  juice.  Tlie 
nucleoplasm  consists  of  chromatin  and  achromatic  fibres  (linin),  and  the  nuclear 
juice  contains  one  or  more  spherical  and  highly  refractile  true  nucleoli  or 
germinal  spots ;  the  nodes  of  the  reticulum  constitute  false  nucleoli. 

In  addition  to  the  nucleus,  the  viteUus,  at  certain  periods,  also  contains  a  structure 
known  as  the  vitelline  body  or  body  of  Balbiani.  This  body  is  a  spherical  structure 
which  appears  when  the  primordial  ova  cease  to  multiply  and  begin  to  increase  in  size. 
Apparently  it  is  derived  from  the  nucleus,  and  it  consists  of  a  central  nodule  surrounded 
by  a  zone  of  modified  protoplasm.  It  disappears  long  before  the  ovum  becomes  mature, 
and  it  probably  represents  an  ancestral  organ  corresponding  with  a  poi'tion  of  the  macro- 
nucleus  of  the  infusorian  ovum. 


The  Vitelline  Membrane. — The  vitelline  membrane  is  simply  the  peripheral 
portion  of  the  vitellus,  modified  and  transformed  into  a  fine  structureless  envelope 
which  covers  the  outer  surface  of  the  yolk.  It  is  usually  closely  applied  to  the 
inner  aspect  of  the  outer  membrane,  the  zona  pellucida,  and  is  best  seen  in  the 
dead  ovum  and  after  treatment  by  reagents.  It  is  therefore  thought  by  some  to 
be  merely  a  condensation  of  the  outer  part  of  the  vitellus  produced  by  the  action  of 
the  reagents.  There  is  evidence,  however,  to  show  that  it  is  present  in  the  normal 
living  ovum. 

The  Zona  Pellucida  or  Oolemma. — This  membrane  is  thick,  tough,  and  refrac- 
tile. It  serves  as  a  protective  covering  for  the  ovum,  and  persists  for  a  considerable 
time  after  its  fertilisation,  only  disappearing  when  the  ovum  becomes  attached  to 
the  uterus.  It  is  perforated  by  numerous  fine  canals,  which  give  to  the  broad  clear 
membrane  a  finely  striated  appearance,  from  which  circumstance  it  has  been  called 
the  "  zona  striata."  The  zona  pellucida  is  not  formed  by  the  ovum,  but  is  secreted 
by  the  cells  of  the  Graafian  follicle  in  which  the  ovum  lies ;  it  is  consequently 
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regarded  as  a  secondary  membrane,  and  is  altogether  different  from  the  vitelline 
membrane.  The  perforations  in  the  zona  serve  for  the  passage  of  nutritive 
material  to  the  ovum ;  they  also  allow  the  spermatozoon  to  reach  the  ovicell. 

When  the  ovum  leaves  the  Graafian  follicle  it  is  surrounded  by  several  layers 
of  cells,  the  innermost  of  which  are  columnar.  They  are  derived  from  the  cells  of 
the  follicle,  and  collectively  constitute  the  corona  radiata ;  the  cells  gradually 
diminish  in  size,  and  ultimately  disappear.  Their  function  is  imknown,  but 
between  them  and  the  zona  pellucida  there  is  a  layer  of  granular  matter,  probably 
formed  by  the  cells  of  the  corona  radiata,  which  rapidly  swells  up  wlien  the  ovum 
is  liberated  from  the  follicle,  and  forms  a  gelatinous  elastic  layer  called  the  albumen  ; 
this  increases  in  thickness  as  the  ovum  passes  along  the  oviduct,  and  persists  for 
some  time  after  it  enters  the  uterine  cavity.  The  function  of  the  albumen  has  not 
been  definitely  ascertained ;  it  may  act  merely  as  a  protective  covering  against 
undue  pressure,  possibly  it  may  be  nutritive,  whilst  in  the  dog  it  apparently  helps 
to  fix  the  ovum  to  the  wall  of  the  uterus.  It  has  not  been  found  in  all-  mammalian 
ova,  and  it  has  not  been  seen  round  the  human  ovum ;  still  it  may  be  present,  for 
human  ova  at  tlie  stage  when  it  might  be  expected  to  develop  have  not  yet  been 
observed. 

Special  Characters  of  the  Ovum. — Though  the  ovum,  as  compared  with  an 
ordinary  animal  cell,  presents  no  obvious  structural  modifications,  it  undoubtedly 
differs  greatly  in  its  capabilities  and  life-ldstory.  Unlike  an  ordinary  cell  it  has 
no  inherent  power  of  division  into  equal  parts,  and  it  cannot  divide  in  the  usual 
manner  until  it  has  been  fertilised  by  union  witli  the  male  element ;  but  before 
fertilisation  occurs  the  ovum  twice  undergoes  an  unequal  division  during  the  period 
of  ripening  or  maturation. 

Maturation  of  the  Ovum. — Whilst  in  the  ovary  the  ovum,  at  first  small, 
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Fio.  5. — The  Maturation  op  the  Ovum:  Extrusion  of  the  "Polar  Bodies"  (Diagrammatic). 

A,  All  ovum  at  tlie  comineucenieut  of  tlie  process  ;  B,  After  the  formation  of  the  spindle.  Tlie  chromosomes 
are  gathered  at  the  equator  of  tlie  .spindle  in  groups  of  four,  i.e.  in  "  tetrads,"  each  of  which  consists  of 
two  "  dyads."  C,  One  a))e.\  of  the  spiniUe  has  projected  into  a  bud  on  the  surface,  and  tlie  dyads  have 
jiassed  to  the  poles  ;  D,  The  separation  of  the  ttrst  polar  hody  ;  E,  The  conimenceuient  of  the  second 
polar  body  ;  F,  The  completion  of  the  second  polar  Ijody. 

gradually  increases  in  size.  liefore,  or  immediately  after,  its  discharge  from  tlie 
Graafian  follicle  it  matures  in  preparation  for  fertilisation. 

The  phenomena  observable  during  the  period  of  maturation  are  essentially 


THE  SPEEMATOZOON. 


13 


similar  to  those  met  with  in  the  mitotic  or  karyokinetic  division  of  cells.  The 
excentrically  situated  nucleus  (germinal  vesicle)  moves  to  one  pole  of  the  ovum, 
the  nuclear  membrane  and  the  nucleoli  disappear,  and  an  achromatic  spindle  is 
formed,  but,  so  far  as  the  mammalian  ovum  is  concerned,  there  is  no  evidence 
either  of  centrosomes  or  attraction  spheres  at  the  poles  of  the  spindle ;  possibly 
they  are  present,  but  they  are  not  visible  under  the  conditions  in  which  the  ova 
can  be  observed. 

At  first  the  spindle  lies  horizontally,  but  gradually  it  turns  till  its  long  axis  is 
perpendicular  to  the  surface  of  the  ovum  ;  then  one  pole  of  the  spindle  is  protruded, 
carrying  with  it  a  small  mass  of  the  cytoplasm  and  forming  a  bud. 

Simultaneously  half  the  chromosomes  present  in  the  nucleus  disappear,  and  the 
remaining  half  accumulate  at  the  equator  of  the  spindle  in  the  form  of  rods.  Each 
rod  divides  into  four  parts  and  thus  becomes  a  "  tetrad  "  (end  of  prophase).  Each 
tetrad  then  separates  into  two  "  dyads  "  (metaphase).  In  the  next  stage  (anaphase) 
the  dyads  diverge,  one  half  passing  to  the  outer  pole  of  the  spindle  which  projects 
into  the  bud,  the  other  half  passing  to  the  inner  pole.  The  bud  with  its  dyads  then 
separates,  forming  the  first  polar  body.  Thus  both  the  first  polar  body  and  the 
remainder  of  the  ovum,  at  the  end  of  the  unequal  division  which  has  taken  place, 
possess  the  same  number  of  chromatin  particles  (chromosomes)  as  the  original  ovum. 

The  second  unequal  division  of  the  ovum  commences  directly  on  the  termination 
of  the  first,  and  results  in  the  formation  of  a  second  polar  body.  The  achromatic 
spindle  is  reformed  and  the  remaining  dyads  are  grouped  at  its  equator.  The 
outer  extremity  of  the  spindle  projects  into  a  second  bud,  whilst  the  two  halves  of 
each  dyad  diverge  and  pass  to  opposite  poles  of  the  spindle.  Those  which  group 
themselves  at  the  outer  pole  separate  with  the  bud,  and  the  second  polar  body  is 
completed. 

The  half-dyads  at  the  inner  pole  of  the  spindle  travel  towards  the  centre  of  the 
ovum,  and  form  the  chromatin  reticulum  of  a  new  nucleus  in  the  cytoplasm  of  the 
ovum,  which  is  known  as  the  female  pronucleus. 

Therefore  the  mature  and  the  immature  ova  differ  from  each  other  chiefly  in 
that  the  former  contains  only  half  the  number  of  chromosomes  present  in  the 
latter. 

THE  SPERMATOZOON. 

Spermatozoa  are  modified  cells  produced  in  the  testicles  or  male  generative 
glands.  They  are  formed  by  a  division  of  the  spermatogonia  or  sperm-mother  cells, 
which  correspond  with  primitive  ova...  The  daughter  cells  of  the  spermatogonia 
are  called  spermatocysts,  and  the  grand-daughter  cells  spermatids.  By  various 
processes,  during  which  they  fuse  with  special  basal,  sustentacular,  or  nurse  cells, 
the  spermatids  are  converted  into  spermatozoa,  which  probably,  though  this  has 
not  yet  been  proved  in  mammals,  contain  half  the  number  of  chromosomes  which 
were  present  in  the  sperm-mother  cells.  There  is  no  doubt  that  the  mature  ova 
and  the  spermatozoa,  so  far  as  their  development  and  chromatin  particles  are  con- 
cerned, are  very  similar.  Each  is  formed  from  a  primary  germinal  cell,  that  is, 
from  the  primitive  ovum  and  sperm-mother  cell  respectively.  Each  of  these 
undergoes  division  and  the  daughter  cells  produced,  that  is,  the  functional  ovum 
and  the  first  polar  body  in  the  former  case,  and  spermatocysts  in  the  latter, 
contain  a  number  of  chromosomes  identical  with  that  originally  present  in  the 
mother  cell.  By  a  second  division,  which  follows  immediately  on  the  first,  the 
daughter  cells,  with  the  exception  perhaps  of  the  first  polar  body,  are  transformed 
into  grand-daughter  cells.  These  are  therefore  represented  by  the  second  polar 
body  and  the  mature  ovum  in  the  case  of  the  female,  and  by  the  spermatids,  which 
ultimately  become  spermatozoa,  in  the  male.  Each  grand-daughter  cell  contains 
only  half  the  number  of  chromosomes  which  are  originally  present  in  the  mother 
cell.  But  the  cells  derived  from  the  primitive  ovum  differ  from  the  descendants 
of  the  sperm-mother  cell  in  that  only  one,  the  mature  or  functional  ovum,  appears 
to  be  capable  of  further  development,  whilst,  the  four  spermatozoa  are  apparently 
of  equal  value. 
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It  is  Loth  interesting  and  significant  tliat  in  some  cases  the  first  polar  body  divides  simul- 
taneously with  the  separation  of  the  second  polar  body,  each  of  its  segments  containing  the  same 
number  of  chromosomes  as  tlie  female  proniicleus.  This  condition,  indeed,  is  by  no  means 
uncommon  amongst  invertebrates.  It  occurs  in  Ascaris,  in  certain  crustaceans,  and  in  some 
molluscs.  Amongst  vertebrates,  however,  the  di\-ision  of  the  first  polar  body,  so  far  at  least  as 
present  observations  go,  must  be  regarded  as  exceptional.  It  has  been  seen  to  occur  in  bats  by 
Van  Beneden  and  Julin,  and  in  mice  by  Taffini  and  Sobatta,  but  apparently  even  in  these  it  is 
not  a  constant  phenomenon.  As  regards  the  spermatozoa  also,  though  it  is  known  that  they  are 
formed  by  the  division  of  sjjerm-mother  cells,  the  exact  details  of  their  development  in  mammals 
have  not  yet  been  satisfactorily  elucidated.  It  .seems,  however,  very  probaljle  that  in  the  higher 
forms  of  animal  life,  as  in  the  lower,  the  processes  of  maturation  of  the  ovum  and  the  formation 
of  the  spermatozoa  are  simply  those  of  cell-division  associated  with  a  reduction  of  the  number  of 
chromosomes  in  the  resulting  grand-daughter  cells  ;  these  latter  being  represented  in  the  higher 
forms,  including  mammals,  on  tlie  male  side  by  the  .spermatozoa,  and  on  the  female  side  by  the 
second  polar  body  and  the  mature  ovum,  except  in  the  apparently  occasional  instances  in  which 
the  first  polar  body  divides,  and  in  this  case  there  are  three  polar  bodies  and  the  mature  ovum. 

A  spermatozoon,  like  the  ovum,  is  a  nucleated  mass  of  cytoplasm,  but  it 
presents  striking  modifications  in  structure.    It  is  very  small,  and  possesses  a 

head,  a  neck,  a  body,  a  tail,  an 
end-piece,  a  spear,  an  axial  fila- 
ment, a  spiral  filament,  a  spiral 
membrane,  a  head-cap, and  a  cer- 
tain amount  of  protoplasmic  sub- 
stance called  the  protoplasmic 
remnant.  The  more  obvious  of 
tliese,  namely  the  head,  body, 
long  filamentous  tail,  and  thin 
end -piece,  have  long  been  re- 
cognised as  essential  elements  of 
a  spermatozoon  (Fig.  6),  and  it 
is  only  comparatively  recently 
that  the  remaining  parts  have 
been  specially  described.  The 
head  is  ovoid,  and  laterally  com- 
pressed, so  that  when  viewed 
from  the  side  it  appears  pointed; 
it  is  about  4'5  /jl  long,  2'o  /x  broad, 
and  1'5  /X  thick.  It  consists  of 
two  parts — an  anterior  clear,  and 
a  posterior  more  stainable  and 
transversely  striated.  Within 
the  head  is  a  central  Ijody  which  is  clear,  i^efractile,  and 
not  easily  stainable  ;  in  stained  specimens  it  is  sometimes" 
mai'ked  by  coloured  lines,  and  occasionally  it  is  divided 
into  several  pieces.  The  head  is  traversed  by  the  axial 
filament,  and  it  is  surrounded  by  the  clear  head-cap, 
within  which  is  a  thin  protoplasmic  layer ;  this  is  con- 
tinuous posteriorly  with  the  protoplasmic  remnant  whicli 
surrounds  the  neck. 

The  neck  is  a  very  short  constricted  portion  uniting 
the  head  and  body.    It  is  clear,  it  is  traversed  by  the 
axial  filament,  it  sometimes  contains  a  rounded  body, 
the  globuloid  body,  and  it  is  surrounded  by  the  protoplasmic  remnant,  which 
latter  varies  considerably  in  amount. 

The  body  is  somewhat  longer  than  the  head,  it  also  is  traversed  by  the  axial 
filament,  it  is  encircled  by  the  spiral  filament,  and  it  gives  attachment  to  the  spiral 
membrane. 

The  tail  or  flagellum  is  aliout  six  times  the  length  of  the  body,  it  may  terminate 
in  an  enlai'gement  or  it  may  taper  towards  its  extremity,  tlic  axial  filament  lies  in 
its  centre,  and  the  spiral  filament  and  spiral  membrane  arc  coiled  around  it. 
Projecting  from  its  posterior  end  is  a  fine  filamentous  process,  the  end-piece,  which 
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Fia.  6. — Human  Spermatozoa 
(after  Retzius). 

A,  Side  view  ;  B,  Front  view. 


Tail- 


Spiral  niPin- 
biaue  with 
iiiaryinal 
lilaiuent 


Fio.  7. — Stiidctuue  ok  a 
Sl'ERMATOZOON  (Diagrammatic). 


FEETILISATION  OF  THE  OVUM. 


15 


appears  to  be  the  backward  prolongation  of  the  axial  filament ;  it  is  occasionally 
cleft  into  several  fibrils. 

The  spiral  and  axial  filaments  consist  of  numerous  darkly-staining  fibrils.  The 
former  is  coiled  round  the  body  and  tail.  The  latter  is  continuous  posteriorly  with 
the  end-piece,  and  it  is  continued  forwards  through  the  tail,  body,  and  neck.  In 
some  animals  it  is  said  to  end  anteriorly  in  a  globuloid  body  at  the  base  of  the  head, 
but  in  the  human  spermatozoon  it  can  be  traced  through  the  head  to  the  "  spear  " 
(Von  Bardeleben). 

The  spear  projects  obliquely  forwards  from  the  apex  of  the  head.  It  is  a 
unibarbed  process,  about  twice  as  long  as  the  head,  and  may  be  bent  or  curved 
upon  itself.  It  contains  an  elongated  body  at  its  base,  and  it  appears  to  be  con- 
tinuous posteriorly  with  the  axial  filament. 

The  spiral  membrane  is  an  extremely  fine  membrane  which  is  attached  to  the 
body  and  tail.    Its  free  margin  is  strengthened  by  a  marginal  filament. 

Spermatozoa  move  freely  in  fluid  media,  and  each  rotates  upon  its  axis  by  means 
of  the  spiral  membrane  as  it  is  propelled  forwards  by  the  lashing  and  contractile 
movements  of  the  tail. 

The  morphological  value  of  the  various  parts  of  the  spermatozoon  is  not  yet 
definitely  determined,  but  it  is  generally  considered  that  the  head  represents  a  cell 
nucleus.  The  axial  and  spiral  filaments  are  believed  to  consist  of  chromatin,  and 
therefore  they  also  are  probably  nuclear  constituents.  The  protoplasmic  remnant 
probably  consists  of  cytoplasm,  and  the  head-cap  is  apparently  a  remnant  of  the 
attraction  sphere  of  the  spermatid  from  which  the  spermatozoon  was  developed. 
Many  observers  have  recognised  the  centrosome  as  a  small  structure  in  the 
body  of  the  spermatozoon — possibly  the  globuloid  body — but  Nissing's  more 
recent  observations  upon  mammalian  spermatozoa  have  convinced  him  that  the 
centrosome  takes  part  in  the  formation  of  the  spike ;  it  is  possibly  represented 
therefore  by  the  elongated  body  which  Bardeleben  has  seen  in  the  base  of  the  spear 
of  the  human  spermatozoon. 

FERTILISATION  OF  THE  OVUM  AND  THE  RESULTS  THAT  ENSUE. 

Fertilisation. — The  mature  ovum  is  fertilised  by  a  spermatozoon.  The  two 
generative  elements  meet,  and  fertilisation  takes  place  as  a  rule  in  the  upper 
part  of  the  Fallopian  tube.  The  spear  of  the  spermatozoon  penetrates  the  zona 
pellucida  of  the  ovum,  boring  through  it  with  a  rotatory  motion  produced  by  the 
spiral  membrane.  At  the  same  time  a  conical  projection,  the  cone  of  attraction, 
appears  on  the  surface  of  the  ovum,  within  the  zona  pellucida,  directly  beneath  the 
point  at  which  the  spermatozoon  is  entering.  The  head,  and  probably  a  portion  of 
the  body  of  the  spermatozoon,  plunge  into  the  cone  of  attraction ;  the  remainder  of 
the  body  and  the  tail  are  cast  off  and  disappear.  The  portion  of  the  spermatozoon 
which  enters  the  cytoplasm  of  the  ovum  is  converted  into  a  nucleus,  the  male 
pronucleus,  which  is  accompanied  by  its  attraction  sphere  and  centrosome.  When 
the  male  pronucleus  is  distinctly  formed  the  granules  of  the  cytoplasm  in  its 
neighbourhood  begin  to  radiate  around  it,  as  if  under  its  influence,  and  the 
pronucleus  itself  travels  inwards. 

As  the  male  pronucleus  approaches  the  female  pronucleus  the  latter  shows 
signs  of  activity,  it  undergoes  changes  of  form,  and  moves  to  meet  the  male 
pronucleus.  For  a  time  the  two  pronuclei  lie  in  juxtaposition,  and  ultimately  they 
fuse  together,  forming  the  first  segmentation  nucleus. 

The  first  segmentation  nucleus  is  accompanied  by  two  centrosomes  which  lie  at 
its  opposite  poles ;  they  are  the  products  of  the  male  centrosome  which  divides  as 
the  pronuclei  fuse.  The  fertilised  ovum,  the  product  of  the  fusion  of  the  mature  ovum 
and  the  spermatozoon,  contains  in  its  nucleus,  the  first  segmentation  nucleus,  the 
same  number  of  chromosomes  as  the  primitive  ovum  or  the  sperm-mother  cell,  but 
the  chromosomes  of  the  segmentation  nucleus  are  derived  partly  from  a  male  and 
partly  from  a  female  individual. 

According  to  some  authorities,  both  the  male  and  female  pronuclei  are  accompanied  by 
centrosomes,  and  at  the  moment  of  union  of  the  pronuclei  each  centrosome  divides ;  tlius  four 
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half-centrosomes  are  formed,  two  male  and  two  female.  From  the  four  half-centrosomes  two  new 
centrosomes  are  formed  by  the  union  of  half  a  male  centrosome  witli  half  a  female  centrosome. 
Each  of  the  two  centrosomes,  therefore,  which  accompany  the  first  segmentation  nucleus  contains 
both  male  and  female  elements. 


Fio.  8.  — Fektilisation  of  the  Ovum  (Diagrammatic). 

A,  The  entrance  of  the  spermatozoon  and  the  formation  of  the  cone  of  attraction  ;  B,  The  appearance  of  the 
centrosome  ;  C,  The  approachment  of  the  male  and  female  pronuclei  ;  D,  The  first  segmentation  nucleus. 

C.    Centrosome.  FP.  Female  pronucleus.  P.    Polar  boily. 

CA.  Cone  of  attraction.  MP.  Male  pronucleus.  SN.  Segmentation  nucleus. 

Segmentation. — Segmentation  is  the  division  of  the  fertilised  ovuin  (oosperm) 
into  a  number  of  cells.  These  cells  are  afterwards  arranged  in  layers — the  germinal 
layers  or  layers  of  the  blastoderm  ;  ultimately  they  are  differentiated  into  the  tissue 
elements  of  the  body. 


p  p 


A  B 


Fig.  9. — Segmentation  of  the  Fertilised  Ovum  in  the  Rahhit. 

Formation  of  blastomeres  and  morula  (Diagrammatic). 
A,  Division  into  two  segments  ;  B,  Division  into  four  segments  ;  C,  Morula. 
P,  Polar  bodies. 

The  phenomena  of  segmentation  have  not  been  observed  in  the  liuman  ovum, 
and  it  is  to  be  understood  that  the  following  description  is  based  chietiy  upon  the 
conditions  met  with  in  rodents,  more  especially  in  the  rabbit,  an  animal  well 
adapted  for  the  study  of  these  phenomena. 
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After  a  period  of  quiescence,  which  succeeds  the  fusion  of  the  male  and  female 
pronuclei,  a  period  of  activity  supervenes,  during  which  repeated  divisions  of  the 
impregnated  ovum  result  in  the  production  of  a  solid  mass  of  cells  called  a  morula. 
The  divisions  are  mitotic,  and  all  the  phenomena  associated  with  mitosis  are  readily 
observable  in  properly  prepared  specimens. 

The  planes  which  separate  the  several  segments  of  the  divided  ovum  in  its 
various  stages  are  termed  the  "planes  of  seg- 
mentation," and  in  some  animals,  possibly  in 
all,  the  first  plane  by  which  the  ovum  is  divided 
into  the  iirst  two  daughter  cells  coincides  with 
the  line  along  which  the  pronuclei  passed  to 
their  fusion ;  it  ixrdicates  the  future  mid-axial 
or  mesial  plane  of  the  body,  the  descendants  of 
the  cell  lying  to  the  right  of  it  being  developed 
into  the  right  half  of  the  body,  and  those  of  the 
cell  to  the  left  into  the  left  half.  There  is  no 
proof,  however,  that  this  occurs  in  mammals ; 
all  that  is  definitely  known  is  that  the  first 
division  separates  the  ovum  into  two  parts  of 
unequal  size  but  of  similar  colour  and  structure. 

The  second  plane  of  segmentation  is  at  right 
angles  to  ,the  first  and  it  separates  the  two 
daughter  cells  into  four  grand-daughter  cells,  of 
which,  in  some  cases,  two  may  be  larger  and  two 
smaller.  The  subsequent  divisions  occur  irregu- 
larly, and  they  result  in  the  formation  of 
numerous  cells  (blastomeres).  which  apparently 
only  differ  in  size  in  the  rabbit,  but  which  also 
differ  in  appearance  in  many  mammals.  Thej 
are  mixed  together  so  irregularly  that  it  is  im- 
possible to  distinguish  the  descendants  of  one 
daughter  cell  from  those  of  the  other,  and  in 
this,  the  morula  stage,  there  is  frequently  no 
indication  of  any  separation  of  the  cells  into 
layers.  In  the  meantime  the  polar  bodies  have 
disappeared. 

The  next  phenomenon  of  importance  is  the 
appearance  of  a  cavity — the  segmentation  cavity 
— in  the  morula ;  the  ovum  assumes  a  vesicular 
character,  and  is  now  termed  a  blastula.  Simul- 
taneously with  the  appearance  of  the  cavity  the 
cells  of  the  morula  are  arranged  in  two  groups  fig.  lo.— Convehsion  op  the  Morula  to 
— an  outer  and  an  inner.    The  cells  of  the  outer  ™e  Blastula. 

group  form  a  layer,  the  primitive  ectoderm  or      Formation  of  blastodermic  vesicle  and 

•  I -1     i     j_i  pji     •  •  T  membrane. 

epiblast ;  those  of  the  inner  group  remain  massed  .    .  „         ...        ■+  i 

'  .  1  mi  Appearance  of  segmentation  cavity  and 

together  and  constitute  the  inner  cell  mass.  Ihe 
two  groups  are  in  contact  at  one  pole  of  the 
ovum,  and  it  is  in  this  region  that  the  embryo 
develops.  Though  at  first  the  inner  cell  mass  is 
not  laminar,  it  soon  becomes  so  by  the  migration 
and  flattening  of  its  cells ;  the  inner  layer  thus 
formed  is  termed  the  entoderm  or  hypoblast. 

The  ectoderm  and  entoderm  together  constitute  the  blastoderm  or  blastodermic 
membrane,  which  is  bilaniinar,  and  the  vesicle  of  which  they  form  the  wall  is  no 
longer  spoken  of  as  the  blastula,  but  as  the  blastodermic  vesicle. 

In  the  rabbit  the  embryonic  part  of  the  ectoderm  is  formed  from  the  outer  cells  of  the  inner 
cell  mass  which  unite  witli  tlie  corresponding  part  of  the  primitive  ectoderm  (Rauber's  layer). 
Tliis,  however,  is  merely  a  peculiarity  found  in  the  rabbit  and  some  other  mammals ;  more 
generally  the  whole  of  the  inner  mass  becomes  entoderm. 

2 


attaohment  of  inner  cell  mass  to  ectoderm 
at  upper  pole  of  ovum  ;  B,  Extension  and 
flattening  of  inner  cell  mass  ;  C,  Comple- 
tion of  bilaminar  blastodermic  vesicle.  BC, 
Blastodermic  cavity  ;  EC,  Ectoderm  ;  EE, 
Embryonic  ectoderm  ;  EN,  Entoderm  ;  I, 
Inner  cell  mass  ;  SC,  Segmentation  cavity  ; 
ZP,  Zona  pellucida. 
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Structure  of  the  Ectoderm  and  Entoderm. — The  cells  of  the  ectoderm  are  at 
first  irregular  in  size  and  shape,  and  their  outlines  are  indistinct ;  but  after  a  short 
time  the  ectoderm  cells  at  one  pole  of  the  blastodermic  vesicle  become  cubical  or 
slightly  columnar,  whilst  the  remaining  cells  of  the  outer  layer  are  flattened  and 

have  irregular  outlines. 


The  columnar  cells 
form  the  ectoderm  of 
the  embryo,  and  the 
;tr'ra'^°'"^  flattened  cells  are  util- 
ised in  the  formation  of 
nutritive  and  protec- 
tive structures  known 
as  the  placenta  and 
foetal  membranes. 

The  cells  of  the  en- 
toderm are  also, at  first, 
very  irregular  in  shape 
and  size,  but  after- 
wards, as  they  are 
spread  out  into  a  layer, 
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Fig.  11. — Surface  View  op  the  Blastodermic  Yesicle. 
Sliowing  the  embryonic  area  and  the  commencement  of  the  mesoderm. 
A,  [Before  the  appearance  of  the  primitive  .streak — the  embryonic  area  is 

circular  in  form  and  bilaminar  thro\ighout  ;  B,  After  the  appearance  of  they  beconie  more  Or 
the  primitive  streak.    The  posterior  end  of  the  jirimitive  streak  shows  ]^ggg  x'OUnded  and  thev 
a  crescentic  thickening,  which  indicates  the  commencement  of  the  meso-  j.' 
derm  or  middle  layer  of  the  blastodermic  membrane.]  anastOIllOSe  together  by 

filamentous  processes. 

At  a  still  later  period  they  are  transformed  into  polygonal  plates  which  appear 
spindle-shaped  in  section  (Figs.  10  and  12). 

The  Embryonic  Area. — When  the  upper  pole  of  the  bilaminar  blastodermic 
vesicle  is  examined  in  surface  view,  from  above,  a  dark,  somewhat  opaque  cii'cular 
area  is  visible ;  this  is  known  as  the  embryonic  area.  It  is  coextensive  with  the 
columnar  portion  of  the  ectoderm.  Very  soon  after  it  appears  the  embryonic  area 
becomes  ovoid ;  the  small  end  of  the  ovoid  area  is  posterior,  that  is,  it  lies  in  the 
region  which  is  afterwards  converted  into  the  posterior  part  of  the  embryo.  At 
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Fig.  12. — The  Upper  Pole  of  the  Blastodermic  Vesicle. 
Showing  the  embryonic  area,  the  primitive  streak  with  the  extension  of  tlie  mesoderm  from  its  sides  and 
posterior  end,  and  tlie  commencement  of  tlje  iienral  groove. 
A,  Surface  view  (diagrammatic)  ;  B  and  C,  Transverse  sections  through  the  blastoderm  of  the  ferret  at  the 
stage  represented  in  A  and  along  the  lines  b  and  c  respectively. 

the  hinder  end  of  the  ovoid  area  a  still  darker  patch  of  triangular  form  is  developed  ; 
this  soon  becomes  crescentic,  and  is  the  first  indication  of  the  primitive  streak  and 
of  the  formation  of  a  third  blastodermic  layer  termed  the  mesoderm  or  mesoblast. 

The  primitive  streak  consists  of  thickened  ectoderm  which  is  seen  in  transverse 
sections  projecting  downwards,  and  resting  \\\)on  the  entoderm,  in  the  form  of  a 
ridge. 

From  tlie  sides  and  the  posterior  extremity  of  the  ectodermal  ridge  a  lamina  of 
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cells  projects  outwardsj  and  gradually  insinuates  itself  between  the'  ectoderm  and 
the  entoderm  over  the  whole  area  of  the  vesicle,  except  in  certain  regions  to  be 
afterwards  described.  This  lamina  is  the  rudiment  of  the  mesoderm.  With  the 
formation  of  the  mesoderm  the  blastodermic  membrane  becomes  trilaminar. 

The  majority  of  the  cells  of  the  mesoderm  are  derived  from  those  of  the 
primitive  streak,  but  it  is  said  that  cells  from  the  entoderm  also  take  part  in  its 
formation.  Young  mesodermal  cells  are  round  or  ovoid,  and  some  give  off  numerous 
processes.  In  later  stages  they  may  assume  various  shapes,  and  many  closely 
resemble  the  cells  of  the  ectoderm  or  those  of  the  entoderm. 

As  the  blastodermic  vesicle  grows,  the  embryonic  or  germinal  area  becomes 
pyriform  and  increases  in  length,  principally  in  the  posterior  part  of  its  extent 
where  the  primitive  streak  is  situated ;  at  the  same  time  the  streak  lengthens  and 
becomes  more  linear.  For  a  short  time  a  groove,  the  primitive  groove,  appears  on 
the  surface  of  the  streak.  It  is  deepest  in  front,  where  in  some  mammals,  includ- 
ing man,  a  small  transitory  perforation  is  formed,'  the  neurenteric  canal. 

A  second  broader  and  shallower  groove  then  appears  in  the  embryonic  area 
immediately  in  front  of  the  primitive  streak  ;  this  is  the  neural  groove,  the  rudiment 
of  the  nervous  system.    The  neural  groove,  its  bounding  folds,  and  the  nervous 


Fig.  13. — Transverse  Section  op  a  Ferret  Embryo. 
Showing  neural  groove  before  the  separation  of  the  paraxial  from  the  lateral  mesoderm. 
C.     Ccelom.  GC.  Germinal  cell.  PM.  Paraxial  mesoderm.         SoM.  Somatic  mesoderm. 

EC.   Ectoderm.  N.    Notochord.  SB.  Spongioblast.  SoP.  Somatopleure. 

EN.  Entoderm.  NG.  Neural  groove.  SG.  Spinal  ganglion.  SpM.  Splanchnic  mesoderm. 

SpP.  Splanchnopleure, 

system  subsequently  developed  from  them  are  formed  entirely  of  ectodermal  elements, 
which  at  first  are  continuous  with  those  forming  the  outer  layer  of  the  embryo. 
The  posterior  end  of  the  neural  groove  embraces  the  anterior  end  of  the  primitive 
streak  and  groove,  and  at  this  period  th'e  neurenteric  canal  forms  a  communication 
between  the  interior  of  the  ovum  and  the  bottom  of  the  neural  groove,  which 
latter  afterwards  becomes  the  closed  canal  of  the  central  nervous  system.  In  some 
vertebrates  the  neurenteric  canal  persists  for  a  considerable  period,  and  upon  the 
development  of  the  alimentary  canal  it  constitutes  a  communicating  channel 
between  it  and  the  cavity  of  the  neural  tube. 

As  the  neural  groove  grows  backwards  the  anterior  part  of  the  primitive  streak 
is  absorbed,  and  although  the  posterior  part  continues  to  grow,  the  primitive  streak 
as  a  whole  diminishes  in  length ;  ultimately  the  greater  part  of  the  primitive 
streak  disappears,  but  a  portion  is  recognisable  for  a  considerable  time  extending 
from  the  base  of  the  tail,  a  transitory  structure  in  the  human  embryo,  to  the 
ventral  wall  of  the  body.  This  portion  forms  the  posterior  boundary  of  the 
primitive  alimentary  canal ;  it  remains  bilaminar,  and  is  called  the  cloacal 
membrane. 

The  primitive  streak  is  of  great  morphological  importance  ;  recent  researches  have  shown 
that  from  it  and  the  cells  in  its  neighbourhood  practically  the  whole  of  the  body  of  the  embryo, 
with  the  exception  of  the  anterior  part  of  the  head  and  heart  region,  is  developed.  It  probably 
represents  the  mouth  of  a  remote  (pre-vertebrate)  ancestor,  the  fused  lips  of  which  formed  the 
body  of  a  primitive  vertebrate  animal.  The  aperture  of  this  mouth  is  still  represented  in  lower 
vertebrates  by  an  opening  known  as  the  blastopore.  The  neurenteric  canal  is  the  only  represen- 
tative of  the  opening  in  the  human  subject. 

The  neural  or  medullary  groove  is  bounded  laterally  by  medullary  folds 
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which  are  continuous  in  front  of  the  groove  but  separate  behind,  where  they 
embrace  the  anterior  end  of  the  primitive  streak.  The  neural  groove  increases 
in  length  both  in  front  and  behind.  The  backward  increase  takes  place  at  the 
expense  of  the  primitive  streak,  whilst  the  anterior  increase  is  due  to  the  rapid 
growth  of  the  anterior  part  of  the  embryonic  area  ;  at  the  same  time,  not  because 
of,  though  coincident  with,  an  increase  of  the  mesoderm  which  has  grown  beneath 
them,  the  medullary  folds  are  gradually  elevated,  and  their  apices  bending  inwards 
unite  together  over  the  neural  gi'oove,  which  is  thus  converted  into  a  tube  or  canal 
— the  neural  tube. 

Along  the  line  of  union  the  neural  tube  is  connected,  for  a  time,  with  the 
surface  ectoderm  by  a  ridge  of  cells,  the  neural  crest.    The  crest  soon  separates 
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Fig.  14. — Transverse  Section  ok  Ferret  EiiBRTCf. 

Showing  the  closure  of  the  neural  groove,  the  formation  of  the  neural  crest,  tlie  outgrowth  of  the  spinal 
ganglia,  the  commencement  of  the  separation  of  the  paraxial  mesoderm  from  the  lateral  plates,  and  the 
differentiation  of  the  intermediate  cell  mass. 

C.     Cojlom.  GC.    Germinal  cell.  PA.  Primitive  aorta.  SG.     Spinal  ganglion. 

CC.  Central  canal.  IMC.  Intermediate  cell  mass.      PS.  Protovertebral  somite.    SoM.  Somatic  mesoderm. 
EC.  Ectoderm.         N.     Notochord.  SB.  Spongioblast.  SoP.  Somatopleure. 

EN.  Entoderm.        NC.   Neural  crest.  SC.  Spinal  cord.  SpM.  Splanchnic  mesoderm. 

SpP.  Splanchnopleure. 

from  the  surface,  but  it  remains  connected  with  the  neural  tube  and  is  utilised  in 
the  formation  of  the  cranial  and  spinal  nerve  ganglia,  whilst  the  walls  of  the  neural 
tube  are  converted  into  the  nervous  and  sustentacular  tissue  elements  of  the  whole 
of  the  central  nervous  system  (brain  and  spinal  cord). 

Before  the  tube  is  closed  the  neural  groove  is  dilated  at  each  end  (see  Fig.  18). 
The  posterior  dilatation  is  single ;  it  constitutes  the  rhomboidal  sinus,  which  under 
ordinary  circumstances  soon  disappears.  Anteriorly,  numerous  dilatations  are 
distinguishable  at  first.  The  exact  number  of  these  dilatations  (neuromeres)  is 
said  to  be  eleven.  As  the  tube  closes  tliey  resolve  themselves  into  three  distinct 
vesicles  termed  the  primary  cerebral  vesicles.  These  constitute  the  rudiments  of  the 
fore,  mid,  and  hind  brains,  and  their  respective  ventricular  cavities.  The  remainder 
of  the  cavity  of  the  tube  becomes  the  central  canal  of  the  spinal  cord. 

After  the  separation  of  the  neural  crest  from  the  surface,  the  mesoderm  com- 
pletely surrounds  the  whole  of  the  neural  tube,  and  from  it  are  formed  the 
membranes  of  the  brain  and  spinal  cord  and  their  skeletal  environments. 

The  ectodermal  cells  which  form  the  wall  of  the  primitive  neural  tube  are  ill- 
defined,  but  they  soon  differentiate  into  two  sets,  spongioblasts  and  germinal  cells. 
The  spongioblasts  are  the  more  numerous,  they  are  columnar  in  form,  and  all 
extend  from  an  internal  limiting  meml^rane  which  is  developed  round  the  peri- 
pheiy  of  the  central  canal,  to  an  external  limiting  membrane  which  forms  the  outer 
limit  of  the  neural  tube.  There  is  frequently  considerable  difficulty  in  recognising 
their  columnar  character,  even  in  the  early  stages,  partly  because  their  nuclei  du 
not  all  lie  at  the  same  level,  and  partly  because  they  are  so  closely  apposed.  The 
spongioblasts  are  converted  into  the  sustentacular  tissue,  or  myelospongium,  of  the 
brain  and  spinal  cord,  but  all  do  not  undergo  precisely  the  same  transformations. 
The  inner  portions  of  those  spongioblasts  whose  nuclei  lie  near  the  central  canal  retain 
a  colunmar  form,  and  cilia  grow  from  their  free  surfaces  into  the  lumen  of  the  canal ; 
in  other  words,  they  are  converted  into  the  ciliated  epithelium  of  the  central  canal, 
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but  the  outer  portions  of  the  same  cells  are  transformed,  into  fibrillar  processes 
which  terminate  externally  by  fusing  with  the  external  limiting  membrane.  The 
remaining  spongioblasts  entirely  lose  their  columnar  form,  they  become  much 
branched,  and  their  branches  interlace  with  the  fibrillar  processes  of  the  ciliated 
epithelial  cells,  and  with  similar  branches  of  neighbouring  cells,  forming  the 
reticular  sustentacular  tissue  or  myelospongium ;  the  external  limiting  membrane 
is  produced  by  the  close  interweaving  of  the  peripheral  myelospongial  fibrils. 

The  germinal  cells  are  spherical  in  outline,  and  contain  clear  protoplasm  and 
darkly-staining  nuclei.  They  lie  between  the  inner  ends  of  the  spongioblasts  close 
to  the  central  canal  where,  at  the  fourth  or  fifth  week,  they  form  an  irregular  layer, 
and  very  soon  give  rise  to  a  new  generation  of  cells,  the  neuroblasts,  or  young  nerve- 
cells.  Each  neuroblast  rapidly  becomes  pyriform  by  the  outgrowth  of  an  axial 
process  or  axon,  which  projects  from  its  outer  end  towards  the  periphery  of  the 
tube. 

Shortly  after  their  formation  the  neuroblasts  migrate  outwards,  and  ultimately 
those  of  the  cord  are  arranged  in  longer  or  shorter  columns  in  the  myelospongium, 
whilst  those  of  the  brain  are  grouped  together  in  definite  areas  to  form  the 
cerebral  nuclei. 

Each  neuroblast  as  it  develops  gives  off  many  processes,  which  vary  in  length 
and  thickness.  The  first  formed  of  these  is  the  axial  process  or  axon  already  referred 
to.  It  carries  impulses  from  the  cell,  gives  off  lateral  branches,  and  terminates 
either  in  association  with  a  special  end-organ  or  by  ramifying  amidst  other  nerve- 
processes  or  round  a  nerve-cell  of  the  central  or  peripheral  nervous  system.  The 
remaining  processes  of  the  neuroblast  are  called  dendrites  or  protoplasmic  processes. 
They  are  usually  shorter  and  more  branched  than  the  axon,  and  they  carry  impulses 
to  the  cell.  The  whole  system  of  cell  body,  axon,  and  dendrites  into  which  a  neuro- 
blast develops  is  termed  a  neuron. 

Every  neuron  is  a  separate  and  distinct  entity.  Its  processes  neither  anastomose 
together  nor  with  the  processes  of  other  neurons.  They  lie,  however,  in  close 
contiguity  with  either  the  body  or  processes  of  other  neurons  or  with  special  end- 
organs,  and  it  is  possible  for  impulses  to  pass  from  one  neuron  to  another  although 
there  is  no  structural  continuity  between  them. 

Extension  of  the  Mesoderm,  and  Division  of  the  Blastodermic  Membrane 
into  Areas. — It  has  already  been  pointed  out  that  when  the  primitive  streak  first 
appears  it  consists  of  a  thickened  ridge  of  ectoderm  situated  in  the  posterior  part 
of  the  embryonic  area  and  resting  upon  the  entoderm.  The  anterior  end  of  the 
ridge  soon  fuses  with  the  entoderm  beneath  it,  and  from  its  sides  and  posterior 
extremity  a  lamelliform  outgrowth,  tlie  mesoderm,  is  projected  between  the 
ectoderm  and  entoderm.  At  its  commencement  the  mesoderm  is  an  outgrowth 
from  the  primitive  streak,  but  during  its  subsequent  extension  it  is  probably  added 
to  by  cells  proliferated  from  the  entoderm. 

As  it  extends  the  mesoderm  forms  a  semilunar  sheet  of  cells,  the  concavity  of 
the  semilune  being  turned  forwards,  whilst  the  convexity  is  gradually  projected 
beyond  the  margins  of  the  embryonic  area.  The  cornua  of  the  semilunar  sheet 
grow  forwards  on  either  side  of,  and  at  some  little  distance  from,  the  middle  line, 
immediately  beneath  the  medullary  folds.  Each  cornu  on  reaching  the  anterior 
end  of  the  embryonic  area  bifurcates,  and  the  resulting  processes  unite  with  their 
fellows  of  the  opposite  side. 

At  the  same  time  the  mesoderm  grows  from  its  convex  margin,  and  extends 
over  the  rest  of  the  ovum  as  a  continuous  sheet.  But  even  when  the  extension  is 
"completed,  in  the  majority  of  mammals,- three  areas  on  the  upper  aspect  of  the  ovum 
remain  devoid  of  mesoderm,  and  consist  only  of  ectoderm  and  entoderm. 

The  largest  of  these  areas  lies  directly  in  front  of  the  embryonic  region.  In 
many  mammals  it  is  folded  upwards  and  backwards  over  the  head  of  the  embryo, 
when  this  becomes  distinguishable,  and  it  takes  part  in  the  formation  of  one  of  the 
protecting  foetal  membranes,  viz.  the  amnion ;  it  is  therefore  called  the  proamnion, 
and  the  area  from  which  it  is  developed  constitutes  the  proamniotic  area.  Probably 
it  is  not  present  in  the  human  blastoderm,  or  if  it  exists  it  is  very  transitory. 

The  second  of  the  areas  into  which  the  mesoderm  does  not  extend  lies  in  the 
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embryonic  region.    It  is  separated  from  the  proamniotic  area  hy  a  bar  of  mesoderm 


in  which  the  pericardial  cavity  afterwards  appears. 
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Fio.  15. — Surface  Areas  of  the  Blastoderm. 


The  anterior  part  of  this 
second  area  is  situated  in 
front  of  the  neural  groove, 
and  as,  at  a  later  period,  it 
forms  a  septum  between  the 
primitive  mouth  and  the 
pharynx,  it  may  be  termed 
the  bucco- pharyngeal  area. 
The  posterior  part  of  the 
area  forms  the  floor  of  the 
medullary  groove,  and  as 
the  notochord  is  formed 
from  its  entodermal  layer 
we  have  named  it  the  noto- 
chordal  area. 

The  third  area  corresponds 
to  the  posterior  part  of  the 
primitive  streak.  It  exa» 
tends  from  the  base  of  the 
tail  towards  the  umbilicus, 
forming  the  cloacal  mem- 
brane, which  forms  the 
It  is  eventually  perforated 


posterior  boimdary  of  the  primitive  alimentary  canal, 
by  the  genito-urinary  and  anal  apertures. 

Except  in  the  areas  just  described,  the  blastodermic  membrane  is  trilaminar, 
and  at  an  early  period  it  is  possible  to  distinguish  the  regions  in  which  the  heart 
and  pericardium,  the  amnion  and  the  placental  and  non- placental  parts  of  the 
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Fio.  16. — Sections  showing  the  Different  Areas  of  the  Blastodermic  Vesicle  (Diagrammatic). 
I.  Transverse  section  ;  II.  Longitudinal  section. 
EC.  Ectoderm.  M.  Mesoderm.  N.  Notochordal  thickening. 

EN.  Entoderm.  NG.  Neural  groove. 

chorion  are  subsequently  developed.  These  regions  form  fairly  well-defined  areas, 
to  the  relative  positions  of  whicli  reference  may  now  be  made. 

The  anterior  part  of  the  embryonic  area  in  front  of  the  bucco-pharyngeal  area 
is  the  region  in  which  the  pericardium  and  heart  are  developed,  and  it  may  therefore 
be  termed  the  pericardial  area. 

1'he  blastodermic  membrane  immediately  surrounding  tlie  embryonic  area, 
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including  the  proamniotic  part  in  those  animals  in  which  it  exists,  is  the  amniotic 
area,  and  this  is  bounded  externally  by  a  band  of  elevated  and  thickened  ectoderm, 
which  indicates  the  placental  area.  The  latter,  together  with  the  blastoderm  over 
the  rest  of  the  ovum,  forms  the  chorionic  area,  which  is  separable,  therefore,  into 
placental  and  non-placental  portions. 

These  areas  are  further  referred  to  in  the  description  of  the  folding  off  of  the 
embryo  and  the  formation  of  the  foetal  membranes  and  placenta. 

Formation  of  the  Notochord.- — The  notochord  is  the  primitive  skeletal  axis  of 
the  embryo.  When  differentiated  it  forms  a  rod  which  intervenes  between  the 
ectodermal  neural  tube  and  the  entoderm  of  the  primitive  alimentary  canal.  It  is 
developed  from  the  entoderm  beneath  the  neural  groove  in  the  notochordal  area. 
A  linear  strip  of  entoderm  thickens  and  then  separates  as  a  solid  rod  of  cells,  the 
continuity  of  the  entodermal  layer  being  restored  beneath  it.  When  it  is  completed 
the  notochord  extends  from  a  point  immediately  behind  the  primitive  forebrain,  and 
beneath  the  anterior  end  of  the  midbrain,  to  the  anterior  end  of  the  primitive  streak, 
and  in  later  stages,  as  the  skeleton  is  formed,  the  notochord  can  be  traced  from  the 
post-sphenoid  section  of  the  base  of  the  skull,  which  is  situated  beneath  the  mid- 
brain, to  the  tip  of  the  coccyx. 

The  separation  of  the  notochord  from  the  entoderm  commences  in  the  cervical 
region,  and  extends  forwards  and  backwards.  The  anterior  extremity  is  the  last  part 
to  be  detached,  the  separation  occurring  shortly  after  the  perforation  and  disappear- 
ance of  the  bucco-pharyngeal  membrane. 

The  cellular  notochord  develops  a  cuticular  sheath  ;  it  is  subsequently  surrounded 
by  mesoderm  which  separates  it  both  from  the  neural  tube  and  the  entoderm, 
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Fig.  ,17. — Extension  of  Mesoderm  and  Formation  op  Ccelom  (Diagrammatic). 
A.  Mesoderm  spreading  from  tlie  sides  of  the  ectodermal  primitive  streak,  and  extending  between  the  ectoderm 
and  entoderm.    B.  Further  extension  of  tlie  mesoderm  and  appearance  of  coelomic  cleft-like  spaces. 
C.  Complete  delamination  of  the  mesoderm  and  formation  of  coelom. 
BC.  Blastodermic  cavity.  C.  Coelom.  EC.  Ectoderm.  EN.  Entoderm.  M.  Mesoderm. 

P.  Primitive  Streak.  SoP.  Somatoplenre.  SpP.  Splanchnopleure. 

and  which  is  ultimately  transformed  into  the  vertebrae  and  their  ligaments,  the 
intervertebral  discs,  the  basi-sphenoid  and  basi-occipital  parts  of  the  skull,  and  the 
membranes  of  the  brain  and  cord. 

As  the  surrounding  mesoderm  is  differentiated  the  notochord  becomes  nodulated  ; 
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the  thickened  portions  are  situated  in  the  regions  of  the  intervertebral  discs,  and 
the  intermediate  constricted  portions  in  the  regions  of  the  vertebral  bodies.  The 
vertebral  portions  gradually  disappear,  and  the  intervertebral  parts  are  converted 
into  a  kind  of  nnicoid  tissue,  the  pulp  of  the  intervertebral  discs. 

Formation  of  the  Coelom. — Before  the  extension  of  the  mesoderm  over  the 
blastoderm  is  completed,  that  is,  before  it  has  reached  the  ventral  pole  of  the  ovi;m, 
it  begins  to  separate  into  two  layers.  The  separation  is  brought  al)Out  by  cleft-like 
spaces  which  appear  within  its  substance  near  the  margin  of  the  embryonic  area, 
and,  rapidly  coalescing,  form  the  ccelom  or  body  cavity.  Increasing  in  size,  the 
coelom  extends  towards  both  poles  of  the  blastodermic  vesicle,  but  in  the  embryonic 
area  it  is  arrested  before  it  quite  reaches  the  notochord  and  the  sides  of  the  primitive 
streak.  It  extends  across  the  pericardial  area,  however,  and  forms  the  rudiment  of 
the  pericardial  cavity,  which  appears  as  a  transverse  tubular  passage  continuous 
on  each  side  with  the  general  body  cavity.  Thus  the  mesoderm  is  separated  into 
two  layers,  except  along  the  sides  of  the  notochord  and  primitive  streak.  The 
outer  or  parietal  of  these  layers  becomes  more  or  less  closely  attached  to  the 
ectoderm,  and  with  it  forms  the  somatopleure,  whilst  the  inner  or  visceral  layer 
is  similarly  associated  with  the  entoderm  to  form  the  splanchnopleure. 

There  is  reason  to  believe  that  in  man  and  other  higher  manunals  the  ectoderm 
and  entoderm  are  separated  by  a  large  space  before  the  formation  of  the  mesoderm 

commences,  and  that  the  meso- 
derm is  cleft  as  it  extends, 
the  somatopleuric  part  grow- 
ing round  the  inner  surface 
of  the  ectoderm  and  the 
splanchnopleuric  layer  extend- 
ing over  the  outer  surface  of 
the  entoderm ;  therefore  it 
may  be  said  that  the  two  layers 
of  the  mesodern  extend  from 
the  primitive  streak  and  grow 
round  a  space  which  intervenes 
in  the  first  instance  between 
the  ectoderm  and  the  ento- 
derm, and  which,  when  the 
extension  of  the  mesoderm  is 
completed,  becomes  the  coelom. 
This  mode  of  extension  of 
the  mesoderm  is  merely  a 
modification  of  the  more 
general  plan  of  its  separation 
into  layers  at  a  later  period. 

When  the  coelom  is  fully 
formed  the  blastoderm  con- 
tains two  cavities,  one,  the 
coelom  or  body  cavity,  situated  between  the  two  layers  of  the  mesoderm,  and  the 
other  the  cavity  of  the  blastodermic  vesicle,  usually  called  the  vitelline  cavity, 
which  lies  inside  the  entoderm. 

Mesodermic  or  Protovertebral  Somites. — During  the  formation  of  the  ccelom 
the  undivided  mesoderm  at  each  side  of  the  notochord  thickens,  principally  by  a 
dorsal  upgrowth  which  is  coincident  with  the  uprising  of  the  ectodermal  medullary 
folds  which  l)ound  the  neural  groove.  There  are  thus  formed  two  thickened  bars 
of  mesodermal  tissue,  one  on  eacli  side  of  the  neural  tube,  and  they  together  con- 
stitute the  paraxial  mesoderm  (Fig.  13) ;  the  more  laterally  situated  portions  of  the 
mesoderm  are  known  as  the  lateral  plates. 

The  paraxial  mesoderm  is  soon  di\  ided,  except  in  the  head  region,  by  a  number 
of  transverse  clefts  into  a  series  of  cubical  masses  termed  the  protovertebral 
somites.  These  are  at  first  partially,  and  afterwards  more  completely  separated 
from  the  lateral  plates  by  longitudinal  grooves.    After  the  longitudinal  grooves 
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Fig.  18. — Sukk.vce  View  of  ax  Early  Embuto  (Diagrammatic). 

Showing  the  neural  groove,  dilated  in  the  liead  region  but  still  un- 
closed, and  the  first  protovertebral  somites.  The  margins  of  the 
ccelomic  space  are  indicated  by  dotted  lines. 


THE  PEOTOVERTEBRAL  SOMITES. 


25 


are  formed,  the  protovertebral  somites  are  connected  with  the  lateral  mesoderm  by 
somewhat  contracted  strands  of  cells  which  collectively  constitute  the  intermediate 
cell  mass  of  each  side  (Fig.  14). 

The  separation  of  the  paraxial  mesoderm  from  the  lateral  plates  and  the 
segmentation  of  the  former  into  somites  extends  forwards  to  the  region  of  the  hind 
brain,  where  the  first  protovertebral  somite  is  formed.  In  front  of  this  the 
mesoderm,  in  mammals  at  least,  does  not  become  segmented. 

The  cavity  of  the  coelom  may  extend  into  the  paraxial  mesoderm  before  it  is 
segmented  into  protovertebral  somites,  or  it  may  stop  just  outside  the  limits  of  the 
paraxial  mesoderm.  In  the  former  case  each  somite,  when  separated  from  the 
lateral  plate,  contains  a  cavity,  and  the  intermediate  cell  mass  is  also  hollow  for  a 
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Fig.  19. — Early  Stages  in  the  Folding  Off  of  the  Embryo  (Diagrammatic). 

I.  Longitudinal  section  of  a  develoiring  ovum.    The  folding  off  of  the  embryo  has  commeuced,  and  the  head  fold 

bending  down  in  front,  has  invaginated  the  amniotic  area.  The  tail  fold  is  partly  formed,  and  the 
primitive  alimentary  canal,  closed  in  front,  communicates  freely  with  the  yolk-sac  by  a  wide  umbilical 
aperture. 

II.  Transverse  section  of  a  developing  ovum  showing  the  commencement  of  the  "folding  off."    The  thickened 

embryonic  area  is  convex  externally,  and  it  already  appears  to  sink  below  the  surface  of  the  ovum. 

III.  Transverse  section  showing  the  "folding  off"  more  advanced.     The  changes  seen  in  II.  are  more 

marked,  and  by  apparent  constriction  at  the  junction  of  the  embryonic  area  with  the  rest  of  the 
blastodermic  vesicle  the  embryo  is  still  further  nipped  off,  and  distinct  lateral  folds  are  formed. 

'The  division  of  the  cavity  of  the  blastodermic  vesicle  into  that  of  the  primitive  alimentary  canal  and  that  of 
the  yolk-sac  is  shown  in  all  the  figures. 

.The  amniotic  area,  directed  upwards  and  inwards  in  II.,  forms  with  the  placental  area  the  amniotic  fold,  and 
in  III.  the  amniotic  folds  of  opposite  sides  are  approaching  one  another  over  the  back  of  the  embryo  to 
enclose  the  cavity  of  the  amnion.  The  relative  positions  of  the  different  areas  of  the  blastoderm  are 
correspondingly  modified. 

AA.  Amnion  fold.  EC.    Ectoderm.      PA.    Placental  area.  SpM.  Splanchnic  mesoderm. 

C.     Coelom.  EN.    Entoderm.      PAC.  Primitive  alimentary  canal.      YS.  Yolk-sac. 

BA.  Embryonic  area.      N.      Notochord.     SoM.  Somatic  mesoderm.  V.  Villi. 

time.  In  the  latter  case  the  protovertebral  somites  and  the  intermediate  cell  masses 
are  solid ;  at  a  later  period,  however,  a  cavity  which  contains  a  few  spherical  cells 
appears  temporarily  in  each  somite. 

Folding  Off  of  the  Embryo  from  the  Blastodermic  Vesicle. — Although  so 
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many  rudiments  of  the  embryo  become  distinguishable  at  an  early  period  in  its 
development,  e.g.  the  embryonic  area,  the  primitive  streak  and  groove,  the  neural 
groove,  the  notochord  and  the  protovertebral  somites,  the  body  of  the  embryo  does 
not  assume  its  characteristic  form  until  it  becomes  raised  and  folded  off  from  the 
general  surface  of  the  blastodermic  vesicle. 

The  main  cause  of  the  folding  off  of  the  embryo  from  the  surface  of  the  vesicle 
is  the  more  rapid  growth  of  the  embryonic  area  as  contrasted  with  the  slower  growth 
and  expansion  of  the  remainder  of  tlie  wall  of  the  vesicle ;  and  the  moulding  of  the 
increasing  embryonic  area  into  the  form  of  the  embryo  is  due  to  differences  in  the 
rate  of  growth  of  the  various  parts  of  the  area  itself. 

The  manner  in  which  the  area  is  folded,  and  the  changes  in  tlie  relative 
positions  of  its  various  parts  wliicli  necessarily  result,  will  l)e  facilitated  by  reference 
to  Figs.  19  and  25. 

The  embryonic  area  at  an  early  period  increases  rapidly,  especially  in  length. 
Its  margins,  however,  appear  to  remain  comparatively  fixed,  and  hence  as  the  area 
increases  it  must  fold  upon  itself.  It  becomes  somewhat  convex  externally,  and  is 
raised  slightly  above  the  general  surface,  but  at  the  same  time  it  apparently  sinks 
into  the  interior  of  the  ovum,  and  the  amnion  folds  close  over  it. 

The  antero-posterior  growth  is  greater  than  the  lateral ;  conse([uently  the 
folding  of  the  embryonic  area  is  most  mai'ked  in  front  and  behind.  Anterior  and 
posterior,  or  cephalic  and  caudal,  folds  are  formed,  which  indicate  the  head  and 
tail  extremities  of  the  embryo.  Similarly,  lateral  folds  define  the  lateral  limits  of 
the  body. 

When  the  body  of  the  embryo  thus  becomes  folded  off  it  contains  a  portion  of 
the  blastodermic  cavity  and  of  the  coelom ;  the  former  is  the  primitive  alimentary 
canal,  and  the  latter  is  the  rudiment  of  the  pericardial,  pleural,  and  peritoneal 
cavities. 

The  communication  between  the  pleuro- peritoneal  and  the  corresponding 
extra-embryonic  cavity  is  obviously  Ijounded  by  the  margins  of  tlie  embryonic  area, 
and  it  constitutes  the  uml)ilical  orifice. 

The  margins  of  the  embryonic  area  retain  approximately  their  original  positions, 
and  in  its  further  growth  the  embiyo  extends  beyond  them  in  all  directions. 

THE  EMBRYO. 

The  embryo,  now  easily  distinguisliable  from  the  rest  of  the  ovum,  is  already 
sufficiently  developed  to  give  some  indication  of  the  general  plan  of  its  oiganisation 
and  of  the  ultimate  relation  and  fate  of  the  three  layers  of  the  blastoderm  which 
enter  into  its  constitution.  There  are  as  yet  no  limbs,  but  the  general  contour  of 
the  head  and  body  are  defined.  It  possesses  a  notochord,  afterwards  replaced  b}' 
the  permanent  vertebral  column,  which  constitutes  a  longitudinal  central  axis. 
On  the  dorsal  aspect  of  the  notochord  the  neural  gi'oove  is  closing  to  form  the 
neural  canal,  or  primitive  cerebro-spinal  nervous  system,  whilst,  on  its  ventral  side, 
a  portion  of  the  blastodermic  cavity  is  being  included  as  a  primitive  tubular 
alimentaiy  canal,  which  freely  communicates  with  the  remainder  of  the  blastodermic 
cavity,  now  called  the  cavity  of  the  yolk-sac. 

The  formation  of  the  protovertel)ral  somites,  whicli  is  the  first  indication  of  that 
segmentation  which  is  such  a  characteristic  feature  in  tlie  structure  of  the  vertebrate 
body,  has  commenced. 

The  general  relations  of  the  three  layers  of  the  l)lastoderm  remain  imaltered. 
Thus,  externally,  there  is  a  layer  of  ectoderm  forming  the  surface  of  tlie  body ; 
internally,  a  layer  of  entoderm  lining  the  primitive  alimentary  canal ;  and  between 
them  is  the  mesoderm,  enclosing  the  coolom. 

Tlie  surface  ectoderm  forms  the  epithelial  elements  ^  of  the  skin  and  its 

'  The  term  "  Epithelium  "  is  applied  to  tissues  consisting  of  cells  which  are  united  with  one  another 
by  means  of  a  small  amount  of  intercellular  sul)stance. 

The  cells  constituting  epithelium  are  always  arranged  in  one  or  more  layers  ;  they  cover  free  surfaces 
and  line  the  various  cavities  of  the  liodj',  including  the  vascular  and  lymphatic  sj'stems  :  they  also  form 
the  active  elements  in  secretory  glands  and  line  their  ducts.    Epithelium  is  always  non-vascular,  and  the 
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appendages,  and  of  the  glands  which  open  on  it.  Thus  the  hairs  and  hair-follicles,  the 
nails,  the  enamel  of  the  teeth,  the  epithelium  of  the  sebaceous  glands,  of  the  sweat 
glands,  and  of  the  mam- 
mary glands  are  all  ecto- 
dermal. The  epithelium  of 
the  conjunctivfe  and  of  the 
lachrymal  glands  is  also  de- 
rived from  ectoderm.  The 
roof  of  the  mouth,  the  inner 
surfaces  of  the  cheeks, 
the  nasal  passages  and 
their  associated  cavities, 
together  with  the  adjacent 
part  of  the  pharynx  and 
the  anterior  lobe  of  the 
pituitary  body,  as  well  as 
the  external  auditory  canal 
and  the  outer  layer  of  the 
tympanic  membrane,  are 
all  developed  from  the  sur- 
face, and  their  epithelium, 
with  that  of  their  glands, 
is  ectodermal  in  origin. 
The  epithelium  of  the  sense  organs,  except  that  of  taste  (the  tongue),  is  derived 
from  ectoderm ;  the  auditory  and  olfactory  epithelial  elements,  and  those  of  the 
lens  and  cornea,  are  from  surface  ectoderm ;  whilst  the  epithelial  elements  of  the 
retina  are  from  neural  ectoderm. 

The  neural  ectoderm  is  removed  from  the  surface  to  form  the  neural  tube  and 
neural  crest,  from  which  the  cells  and  fibres  of  the  whole  of  the  nervous  system, 


Fig.  20. — -The  Relative  Positions  of  the  Blastodermic  Layers 
IN  the  Body  of  the  Embryo  when  the  "Folding  Off"  is 
Completed  (Diagrammatic). 

I.  Transverse  section  through  the  umbilical  aperture. 
II.  Similar  section  in  front  of  or  behind  the  umbilicus. 

Alimentary  canal.  EN.  Entoderm.  N.  Notochord. 

Ectoderm.  M.  Mesoderm.  SC.  Spinal  cord. 

VI.  Vitello-intestinal  duct  and  umbilical  aperture. 
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Fig.  21. — Transverse  Section  of  a  Ferret  Embryo, 


CC.  Central  canal. 
CL.  Cutaneous  lamella  of  protover- 

tebral  somite. 
CO.  Ccelom. 
EC.  Ectoderm. 
EN.  Entoderm. 
GC.  Germinal  cell. 


Showing  further  differentiation  of  the  mesoderm. 


ML.  Muscular  layer  of  protover- 

tebral  somite. 
N.  Notochord. 
NC.  Neural  crest. 
PA.  Primitive  aorta. 
PS.  Protovertebral  somite. 
SB.  Spongioblast. 

SpP.  Splauclinopleure. 


SC. 
SG. 
SL. 

SoM, 
SoP. 


Spinal  cord. 
Spinal  ganglion. 
Scleratogenous  layer  of  pro- 
tovertebral somite. 
Somatic  mesoderm. 
Somatopleure. 


SpM.  Splanchnic  mesoderm. 


both  central  and  peripheral,  and  the  sustentacular  tissue  of  the  brain  and  spinal 
cord,  are  developed.  The  neural  ectoderm  also  furnishes  the  epithelial  elements  of 
the  retinte,  the  pineal  gland,  and  of  the  posterior  lobe  of  the  pituitary  body. 

The  entoderm  lines  the  alimentary  canal  and  the  spaces  and  glands  which  open 

cells  receive  their  nourishment  from  blood-vessels  which  are  in  their  vicinity.  Epithelial  cells  are 
modified  in  accordance  with  the  particular  functions  they  are  called  upon  to  serve,  and  they  present  many 
variations  in  shape,  size,  and  structure,  e.g.  the  neuro-epithelial  cells  of  the  central  nervous  system  and  of 
the  peripheral  sense  organs  differ  considerably  from  the  more  Ordinary  epithelial  type  ;  but  they  are 
simply  more  specialised,  and  therefore  more  modified. 
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into  it,  except  the  upper  parts  of  the  mouth  and  pharynx  and  the  terminal  portion 
of  the  rectum ;  thus  the  epithelium  of  the  Eustachian  tube  and  tympanic  cavity, 
the  trachea,  the  bronchi,  the  air-vesicles  of  the  lungs,  the  gall-bladder,  the  urinary 
bladder,  and  part  of  the  urethra  is  entodermal.  It  forms  the  epithelial  constituents 
of  the  taste  buds,  or  organs  of  taste,  the  liver  and  the  pancreas,  the  epithelium 
lining  the  vesicles  of  the  thyroid  body  and  the  cell  nests  of  the  thymus  gland. 

From  the  mesoderm  all  the  remaining  structures  which  intervene  between  the 
surface  ectoderm  and  the  entodermal  lining  of  the  primitive  alimentary  tube  are 
formed. 

The  Protovertebral  Somites  and  the  Lateral  Plates. — Each  protovertebral 
somite  consists  of  numerous  cells  arranged  radially  round  a  central  cavity — the 
myeloccele ;  this  latter,  however,  quickly  disappears. 

The  cells  of  the  somites  are  gradually  grouped  into  three  sets,  two  to  the  inner 

and  lower  side  of 


the  cavity,  and 
one  to  its  upper 
and  outer  side. 
The  two  groups 
on  the  lower  and 
inner  side  are  an 
outer,  next  the 
cavity,  the  mus- 
cle plate,  and  an 
inner  the  sclera- 
togenous  layer. 
The  group  on  the 
upper  and  outer 
side  of  the  cavity 
is  the  epithelial 
or  cutaneous  la- 
mella. 

The  Sclerato- 
genous  Layer. — 
The  cells  of  this 
layer  proliferate 
rapidly  and  mi- 
inwards, 
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Fig.  22. — Further  Differentiation  of  the  Mesoderm. 

Transverse  section  of  a  rat  embryo,  showing  the  transformation  of  the  cells  of  the  gun-oundino"  the 
scleratogenous  layer  of  a  protovertebral  somite  and  their  e.xteusion  round  the  +  i  j  "  i 
notochord  and  spinal  cord.  notOCnord,  and 

passing  both  be- 
neath the  neural 
tube  and 


AM.  Amnion. 
AMC.  Amnion  cavity. 
C.  Ccelom. 
EC.  Ectoderm. 


N.  Notochord. 
PA.    Primitive  aorta. 
PAC.  Primitive  alimentary 
canal. 


SC.    Spinal  cord. 
SG.    Spinal  ganglion. 
SoM.  Somatic  mesoderm. 
SpM.  Splanchnic  mesoderm. 


up- 
wards along  its 


VD.  Vitello-intestinal  duct 

lateral  walls  to 

its  dorsal  aspect ;  they  intermingle  above  and  below  with  the  cells  of  the  corre- 
sponding layer  of  the  opposite  side,  and  in  front  and  behind  with  the  cells  of  the 
scleratogenous  layers  of  adjacent  somites.  In  this  way  the  neural  tube  and  the 
notochord  are  gradually  enveloped  by  a  continuous  sheath  of  mesodermal  tissue, 
which  forms  the  membranous  vertebral  column.  This  is  perforated  at  regular 
intervals  by  the  nerve-roots  issuing  from  the  spinal  cord  and  brain,  and  by  the 
vessels  of  supply  to  those  structures.  From  its  substance  the  vertebras  and 
ligaments,  the  greater  part  of  the  intervertebral  discs,  and  tlie  investing  membranes 
of  the  l)rain  and  cord  are  afterwards  developed.^ 

The  Muscle  Plates. — The  cells  of  the  muscle  plate  layer  lose  their  original 
epithelial-like  characters ;  they  elongate  antero-posteriorly,  become  spindle-shaped 
and  striated,  and  tliey  give  rise  to  the  striped  muscles  of  the  body.  For  a  long 
time  the  fibres  developed  from  each  muscle  plate  remain  localised  and  quite  distinct 
from  the  fibres  developed  from  neighbouring  segments ;  the  masses  they  form  are 

'  The  development  of  the  skeleton  is  described  in  the  chapter  on  Osteology. 
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Ectoderm 
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called  myotomes.  After  a  time,  however,  the  fibres  of  neighbouring  myotomes  are 
more  or  less  intermingled,  and  in  the  adult,  except  in  certain  situations,  the  iiiter- 
myotoniic  intervals  are  no  longer  recognisable. 

The  main  portions  of  the  myotomes  are  converted  into  the  muscle  masses 
situated  in  the  dorsal  part  of  the  body  wall,  that  is,  into  the  erectores  spinse  and 
their  main  subdivisions,  and  the  other  muscles  which  occupy  the  vertebral  grooves. 

In  the  lower  vertebrates  the  ventral  ends  of  the  myotomes  descend  in  the 
somatopleure  almost  to  the  mid-ventral  line,  and  are  transformed  into  the  muscles 
of  the  ventro-lateral  walls  of  the  body.  A  similar  descent  of  the  ventral  ends  of 
the  myotomes  into  the  lateral  walls  of  the  body  has  not  been  proved  in  the  highest 
vertebrates.  In  mammals,  including  man,  the  ventral  ends  of  the  myotomes  only 
descend  for  a  short  distance  in  the  somatopleure,  and  then  all  trace  of  their  char- 
acteristic structure  is  lost.  It  is  presumed,  however,  that  cells  budded  off'  from  the 
myotomes  descend  to  a  lower  level, 
and  that  they  take  part  in  the 
formation  of  the  ventro-lateral 
muscles. 

In  lower  vertebrates  bud-like 
projections  pass  from  the  myo-  scieratogenons^ 
tomes  in  the  thoracic  and  pelvic 
regions  into  the  limb  rudiments, 
and  from  these  the  muscles  of  the 
limbs  are  developed.  In  the 
highest  vertebrates  distinct  buds 
from  the  myotomes  have  not  been 
observed,  but  it  is  said  that  out- 
growths of  cells  pass  from  the 
myotomes  into  the  limb  buds, 
where  they  proliferate  and  form 
the  limb-muscles.  The  occurrence 
of  these  outgrowths  into  the 
limbs,  like  the  descent  of  the 
lower  ends  of  the  myotomes  into 
the  ventral  part  of  the  body- wall, 
has  not  been  proved  in  mammals  ; 
possibly  it  occurs,  but,  if  not,  the 
ventral  and  limb  -  muscles  of 
mammals  must  be  developed 
from  the  somatopleural  meso- 
derm. 

The  Cutaneous  Lamella  of  the  Protovertebral  Somite.^ — The  cells  which  form 
the  outer  and  dorsal  walls  of  the  cavities  of  the  protovertebral  somites  retain  their 
epithelial-like  characters  for  a  longer  period  than  those  of  other  portions  of  the 
somites,  and  at  the  borders  of  the  lamellfe  they  pass  by  gradual  transition  into  the 
cells  of  the  muscle  plates.  After  a  time  they  undergo  histological  differentiation, 
and  they  are  utilised  in  the  formation  of  the  subcutaneous  tissues  and  fascife  on  the 
dorsal  aspect  of  the  body,  and  outgrowths,  which  descend  with  the  offsets  of  the 
muscle  plates,  enter  into  the  formation  of  the  ventro-lateral  walls  of  the  body. 

The  Protovertebral  Somites  of  the  Head. — It  has  already  been  pointed  ont  (p.  24)  that 
protovertebral  somites  are  not  recognisable  in  mammals  further  forwards  than  tlie  occipital 
region ;  but,  from  the  evidence  obtained  by  examination  of  lower  vertebrates,  it  is  believed  that 
originally  nine  somites  were  present  in  the  cephalic  region.  From  the  first,  second,  and  third  of 
these,  muscle  plates  form  which  are  develojjed  into  the  muscles  of  the  eyeballs.  If  any  muscle 
plates  are  formed  in  connection  with  the  fourth,  fifth,  and  sixth  somites  they  disappear,  leaving 
no  traces,  and  the  muscles  develojjed  from  the  remaining  cephalic  somites  are' those  of  the  tongue 
and  those  connecting  the  head  with  the  shoulder  girdle. 

The  Lateral  Plates. — At  an  early  stage,  before  its  separation  from  the  paraxial 
mesoderm,  each  lateral  plate  is  divided  into  an  outer  or  somatic  and  an  inner  or 
splanchnic  layer.    The  somatic  layer  is  concerned  with  the  formation  of  the 


Fig.  23.  — Coronal  Section  op  a  Kat  Embryo. 
!ig  tlie  relationship  of  the  extending  scleratogenous  tissue 
to  the  spinal  cord  and  to  the  muscle  plates. 
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parietal  layers  of  the  pleural  and  peritoneal  membranes,  and  with  the  development 
of  the  connective  tissues,  fascite,  and  vessels  of  the  ventro-lateral  walls  of  the  body ; 
and  in  mammals,  apparently,  it  also  gives  origin  to  the  ventro-lateral  body  muscles 
and  the  muscles  of  the  limbs.  The  splanchnic  portions  of  the  lateral  plates  form 
the  fasciae,  the  connective  tissues,  the  smooth  muscles  of  the  walls  of  the  alimentary 
canal,  the  heart  and  great  blood  vessels,  the  visceral  layers  of  the  pleural  and 
peritoneal  membranes,  the  spleen,  and  the  germinal  epithelium,  which  becomes 
transformed  into  the  mother  cells  of  the  ova  and  spermatozoa. 

In  the  cephalic  region,  in  higher  vertebrates,  lateral  plates  are  not  recognisable, 
except  so  far  as  they  may  be  represented  by  the  walls  of  the  pericardium ;  but  in 
some  lower  vertebrates  lateral  plates  can  be  distinguished,  corresponding  in 
number  with  the  cephalic  somites,  and  it  has  been  asserted  that  the  muscles  of  the 

Hind  brain 


Fig.  24. — Transverse  Section  of  a  Rat  Embryo. 

Showing  the  rehition  of  the  paraxial  mesoderm  of  the  head  to  the  lateral  plates,  the  commencement  of  the 
formation  of  the  otic  vesicles  aud  hyomaudibular  clefts,  and  the  relation  of  the  primitive  heart  to  the 
pericardium  and  fore-gut. 

EC.  Ectoderm.  SoM.  Somatic  mesoderm.  SpM.  Splanchnic  mesoderm. 

face  and  the  muscles  of  mastication  are  developed  from  the  lateral  plates  associated 
with  the  second  and  third  cephalic  somites.  The  subject,  however,  is  one  which  is 
still  obscure,  and  requires  further  investigation  before  any  very  positive  conclusion 
can  be  arrived  at. 

The  Intermediate  Cell  Mass. — As  already  mentioned,  the  lateral  plates  and 
the  protovertebral  somites  are  connected  by  the  intermediate  cell-masses,  which  are 
intimately  associated  with  the  development  of  the  ducts  and  tubules  of  the  genital 
and  urinary  organs  in  man  and  other  mammals.  On  each  side  the  mass  soon 
separates  from  the  protovertebral  somites,  and  is  transfoimed  by  rapid  proliferation 
of  its  cells  into  an  elongated  body,  the  Wolffian  body  or  primitive  kidney,  whicli 
projects  downwards  into  the  dorsal  angle  of  the  body  cavity.  In  early  stages  it 
extends  from  the  fifth  somite  of  the  body  backwards  to  its  posterior  end,  but  is 
most  clearly  diHerentiated  in  the  middle  portion.  The  Wolffian  duct  and  tubules 
and  the  Miillerian  duct  are  developed  in  connexion  with  it ;  after  the  second  month 
of  intrauterine  life  it  degenerates,  and  is  replaced  by  the  permanent  kidney,  which 
is  formed  dorsal  to  its  posterior  extremity. 


THE  PEIMITIVE  ALIMENTAEY  CANAL. 
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THE  DEVELOPMENT  OF  THE  PEIMITIVE  ALIMENTAEY  CANAL. 

When  the  cephalic,  caudal,  and  lateral  folds  are  established,  and  the  general 
outline  of  the  embryo  is  clearly  defined,  its  dorsal  and  lateral  surfaces  and  its 
anterior  and  posterior  extremities  are  easily  recognisable,  and,  as  the  embryo  is 
folded  off'  from  the  surface  of  the  blastodermic  vesicle,  a  portion  of  the  blastodermic 
cavity  is  enclosed  within  it ;  this  is  the  primitive  alimentary  canal.  It  is  simply 
an  incomplete  tubular  cavity,  situated  beneath  the  notochord,  which  is  bounded  in 
front  by  the  head  fold,  behind  by  the  tail  fold,  and  laterally  by  the  lateral  folds, 
but  is  widely  open  below  and  continuous  with  tlie  cavity  of  the  yolk  sac. 

As  the  head  of  the  embryo  grows  more  rapidly  than  any  other  part,  the  head 
fold  is  more  marked  than  the  other  folds,  and  with  its  formation  the  pericardial 
area  is  bent  round  until  it  becomes  ventral  in  position,  its  original  upper  and  lower 
surfaces  being  reversed  (Tig.  25).    It  is  owing  to  this  change  of  relative  position 


Spinal  cord  Notocliord 


Bueco-pharyngeal  membrane 

Fig.  25. — Diagram  op  a  Developing  Ovum,  seen  in  Longitudinal  Section. 
The  folding  off  of  the  embryo  has  commenced,  and  the  downward  bend  of  the  head  fold  in  front  has  invagi- 
nated  the  amniotic  area.    The  tail  fold  is  partly  formed,  and  the  primitive  alimentary  canal,  closed  in 
front  by  the  bucco-pharyngeal  membrane  and  behind  by  the  cloacal  membrane,  is  distinguishable  ;  it 
communicates  freely  with  the  yolk  sac  by  a  wide  umbilical  aperture. 

C.    Coelom.  EN.  Entoderm.  SoM.  Somatic  mesoderm. 

EC.  Ectoderm.  M.     Mesoderm.  SpM.  Splanchnic  mesoderm. 

at 

that  the  ventral  wall  of  the  alimentary  canal  is  completed  in  front,  and  it  is 
obvious  that  its  anterior  limit  corresponds  to  the  bucco-pharyngeal  area  of  the 
blastoderm.    The  part  so  closed  in  constitutes  the  fore-gut. 

The  tail  fold  at  this  period  is  small,  but  it  limits  the  primitive  gut  behind. 

The  ventral  closing  of  the  posterior  end  of  the  primitive  alimentary  canal  to 
form  a  hind-gut  is  produced,  as  in  the  case  of  the  fore-gut,  by  bending  of  the 
embryonic  area.  This  takes  place  in  the  region  of  the  tail  fold ;  but  the  posterior 
part  of  the  embryonic  area  retains  for  a  considerable  time  its  original  position,  and 
forms  a  connecting  stalk,  termed  the  body-stalk,  between  the  embryo  and  the 
chorionic  area  of  the  blastodei-m.  Ultimately,  however,  this  terminal  section  of  the 
embryonic  area  is  reversed  in  position,  its  posterior  end  being  carried  forwards  till 
it  forms  the  posterior  boundary  of  the  umbilical  orifice,  and  the  ventral  wall  of  the 
hind-gut  is  thus  completed. 

The  rest  of  the  primitive  alimentary  canal  constitutes  the  mid-gut.  It  remains 
for  some  time  in  free  communication  with  the  cavity  of  the  yolk-sac,  and  this  com- 
munication between  the  alimentary  canal  and  the  yolk-sac  at  a  later  stage  forms  a 
tubular  passage,  the  vitello-intestinal  duct. 

The  entoderm  forms  the  lining  epitheliiim  of  the  alimentary  canal,  but  this  is 
invested  by  the  splanchnic  layer  of  the  mesoderm,  and  it  is  separated  from  the 
somatopleure  or  body  -wall  by  the  coelom  or  body  cavity.  As  the  splanchnic 
mesoderm  passes  on  each  side  to  its  continuity  with  the  somatic  mesoderm  it  forms 
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a  fold,  by  which  the  gut  is  suspended  from  the  under  surface  of  the  primitive 
vertebral  column ;  this  fold  is  the  mesentery. 

The  diaphragm,  which  is  formed  at  a  later  period  and  which  separates  the 
thorax  from  the  abdomen,  divides  the  coelom  into  pleural  and  peritoneal  portions. 

The  primitive  alimentary  canal  is  almost  a  straight  tube,  blind  at  both  its 
extremities,  and  communicating  only  with  the  cavity  of  the  yolk  sac.  As  yet  there 
is  no  mouth  and  no  anal  passage  or  aperture.  The  simple  tubular  canal  is  divisible 
into  fore-gut,  mid-gut,  and  hind-gut,  parts  which  are  conveniently  associated 
developmentally  with  definite  portions  of  the  fully-formed  alimentary  canal. 

Thus  the  fore-gut  is  converted  into  the  pharynx,  oesophagus,  stomach,  and  the 
greater  part  of  the  duodenum ;  whilst  from  the  mid-gut  and  the  hind-gut  the  rest 

of  the  small  intestine  (je- 
junum and  ileum),  and  the 
whole  length  of  the  large 
intestine  (cpecum,  colon,  and 
rectum),  are  formed.  There 
is  no  sharp  limit  between 
the  mid -gut  and  the  hind- 
gut,  or  between  the  portions 
of  the  intestinal  canal  which 
develop  from  them. 

Diverticular  outgrowths 
from  the  entoderm  of  the 
primitive  alimentary  canal 
form  the  rudiments  of  the 
intestinal  glands,  including 
the  liver  and  pancreas,  of  the 
respiratory  apparatus,  and 
of  the  thyroid  and  thymus 
glands.  Details  of  the  for- 
mation of  these  structures 
are  given  in  the  special  de- 
scription of  the  development 
of  the  system  to  which  each 
belongs. 

Except  with  respect  to  the 
anterior  part  of  the  fore-gut, 
the  changes  in  shape  and 
position  which  the  originally 
simple  alimentary  tube  un- 
dergoes during  its  conversion 

Fig.  26. — Diagram  representing  the  Condition  of  the  Ali-  hito  its  final  or  adult  form 
MENTARY  Canal  IN  A  HujiAN  EMBRYO  ABOUT  FIFTEEN  Days  arc  descrlbed  111  tlic  accouut 

Old  (modified  from  His). 
The  visceral  clefts  are  formed,  and  the  subdivisions  of  the  fore-gut, 
together  with  the  rudiments  of  the  bronchi  and  liver,  are  distinct. 


Yolk-sac 


Cloacal  membrane       Body  stalk 


of  the  development  of  the 
digestive  organs ;  but  the 
development  of  the  pharynx 
and  the  structures  associated  with  it,  and  the  formation  of  the  mouth  and  anus, 
may  be  considered  now. 

Development  of  the  Pharynx  and  Stomatodaeum. — The  development  of  the 
anterior  part  of  the  fore-gut  into  the  pharynx  and  the  fioor  of  the  mouth  is  so  inti- 
mately associated  with  the  formation  of  a  primitive  mouth,  the  stomatodteum,  that 
the  two  must  to  a  certain  extent  be  considered  simultaneously. 

The  stomatodseum  first  appears  as  a  depression  lietween  the  head  and  the  peri- 
cardial region.  It,  is  produced  by  the  downward  growth  of  the  forepart  of  the 
head  in  front  and  the  bulging  forward  of  the  pericardiimi  behhid,  and  it  is  sepai'ated 
from  the  anterior  end  of  tlie  fore-gut  by  the  bi-laminar  bucco-pharyngeal  meniln-ane. 
When  the  stomatodjemn  first  appears  it  is  not  enclosed  laterally ;  but  at  a  later 
period  side  l)oundaries  are  formed,  and  the  space  is  developed  into  the  upper  part 
of  the  mouth  and  the  nasal  cavities. 


THE  PHAEYNX  AND  STOMATOD^UM. 
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The  fore-gut,  a  relatively  wide  space,  continuous  posteriorly  with  the  mid-gut, 
is  thus  at  first  closed  anteriorly  by  the  bucco-pharyngeal  membrane,  which  separates 
it  from  the  stomatodfeum.  About  the  fifteenth  day,  in  the  human  embryo,  the  bucco- 
pharyngeal membrane  disappears,  the  fore-gut  is  then  thrown  into  continuity 
with  the  stomatodseal  space,  and  the  anterior  opening  of  the  alimentary  canal 
is  formed. 

As  development  proceeds  the  cavity  of  the  fore-gut  is  gradually  compressed 
dorso-ventrally,  imtil  its  transverse  section  assumes  a  triangular  outline ;  but  in 
the  earliest  stages  there  are  no  indications  of  the  various  organs  which  are  ulti- 
mately developed  from  its  walls.    After  a  short  interval,  however,  two  elevations 
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Fig.  27. — Furthek  Development  of  the  Alimentary  Canal,  as  seen  in  a  Human  Embryo 
ABOUT  Five  Weeks  Old  (Diagrammatic). 
The  tongue  is  well  formed,  the  trachea  and  oesophagus  are  separated,  the  bronchi 
the  duodenal  curve  is  well  formed,  and  the  caecum  has  appeared  in  the 
cloaca  is  partially  separated  into  genito-urinary  and  rectal  portions. 


have  commenced  to  branch  ; 
loop  of  the  mid-gut.  The 
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13.  Pancreas. 
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16.  Intestinal  loop. 

17.  Large  intestine. 

18.  Notochord. 


19.  Vertebra. 

20.  Spinal  cord. 

21.  Bladder. 

22.  Wolffian  duct. 

23.  Kidney. 

24.  Ureter. 


25.  Eectum. 

26.  Proctodseum. 

27.  Allantoic  diverticulum. 

28.  Vitello-intestinal  duct. 

29.  Fore -brain. 

30.  Mid-brain. 


appear  in  its  ventral  wall.  The  anterior  of  these  is  a  rounded  elevation,  termed 
the  tuberculum  impar.  It  is  situated  directly  behind  the  lower  ends  of  two  raised 
bars  or  arches,  called  the  mandibular  arches,  which  are  growing  down  into  the  floor 
of  the  fore-gut  from  the  anterior  parts  of  its  lateral  walls.  The  tuberculum  impar 
is  the  rudiment  of  the  anterior  two-thirds  of  the  tongue,  which  is  thus  formed  in 
the  floor  of  the  entodermal  portion  of  the  alimentary  canal.  The  more  posterior 
elevation,  termed  the  furcula,  is  a  curved  ridge,  which  bounds  a  mesial  longitudinal 
depression.  It  is  separated  from  the  lateral  walls  of  the  fore-gut  and  from  the 
tuberculum  impar  by  a  groove,  the  sinus  arcuatus.  The  anterior  part  of  the  furcula 
is  transformed  into  the  epiglottis  and  the  margins  of  the  upper  aperture  of  the 
larynx  ;  the  median  depression  becomes  the  cavity  of  the  larynx  and  of  the  trachea. 
Still  more  posteriorly,  behind  the  region  of  the  furcula,  a  dilatation  of  the  fore-gut 
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is  formed,  which  projects,  forwards  and  downwards,  towards  the  pericardium.  This 
is  the  first  indication  of  the  stomach. 

Visceral  Clefts  and  Visceral  Arches. — In  the  lateral  wall  of  the  anterior  part 
of  the  fore-gut,  on  each  side,  four  incomplete  and  more  or  less  transverse  clefts,  the 
visceral  clefts,  appear.  They  are  due  to  outward  linear  pouchings  of  the  entoderm, 
and  corresponding,  but  less  marked,  inward  depressions  of  the  ectoderm.  The 
anterior  cleft  is  the  l^est  marked,  and  the  rest  diminish  in  size  from  before  back- 
wards. At  the  bottoms  of  the  clefts  the  ectoderm  and  the  entoderm  are  in  contact, 
but  the  thin  membranes  thus  formed,  which  intervene  between  the  cavity  of  the 
fore-gut  and  the  exterior,  are  only  exceptionally  and  abnormally  perforated  in  the 
human  subject,  though  in  lower  vertebrates  they  invariably  disappear,  and  the 
pharyngeal  or  anterior  part  of  the  fore-gut  is  thrown  into  continuity,  laterally, 
with  the  exterior  by  a  niunber  of  narrow  slits,  the  gill  slits,  which  are  used  for 
respiratory  purposes.  In  man  and  other  mammals,  however,  the  floors  of  the 
second,  third,  and  fourth  clefts  are  utilised  in  the  formation  of  the  sides  of  the 
neck ;  that  of  the  first  cleft  is  transformed  into  the  tympanic  membrane,  which 
separates  the  external  auditory  meatus  from  the  cavity  of  the  tympanum. 

In  the  further  consideration  of  the  fate  of  the  visceral  clefts,  it  must  be  borne 
in  mind  that  each  consists  of  an  inner  or  entodermal  portion  and  an  outer  or  ecto- 
dermal portion.  The  inner  part  of  the  first  cleft  is  converted  into  the  tympanmn 
and  the  Eustachian  tube,  and  the  outer  part  becomes  the  external  auditory  meatus. 
No  traces  of  the  outer  part  of  the  second  cleft  are  left,  but  a  portion  of  the  inner 
part  can  be  recognised  as  a  slight  depression  above  the  tonsil  in  the  lateral  wall  of 
the  pharynx.  Both  the  outer  and  inner  portions  of  the  third  and  fourth  clefts 
disappear,  but  from  their  inner  parts  diverticula  are  given  off  which  form  the 
rudiments  of  the  thymus  and  the  lateral  lobes  of  the  thyroid  body.  The 
diverticula  from  which  the  thymus  is  developed  are  derived  from  the  third  clefts, 
whilst  each  lateral  lobe  of  the  thyroid  body  is  formed  by  a  diverticulum  from  the 
fourth  cleft. 

The  margins  of  the  visceral  clefts  are  thickened  by  the  growth  of  the  mesoderm 
between  the  entodermal  and  ectodermal  layers,  and  they  are  moulded  into  a  series 
of  five  rounded  bars,  the  visceral  arches,  of  which  the  fifth  is  not  recognisable 
externally,  though  it  is  easily  seen  internally.  The  dorsal  extremities  of  the  arches 
terminate  at  the  sides  of  the  head  below  the  level  of  the  neural  tube,  and  in  the 
early  stages  the  ventral  ends  rest  upon  the  pericardial  region.  When  the  neck  is 
formed,  it  grows  forwards  from  the  pericardial  region  and  carries  with  it  the  lower 
ends  of  the  visceral  arches,  which  henceforth  terminate  in  its  ventral  wall.  As  the 
visceral  arches  are  carried  forwards  the  head  is  strongly  curved  towards  the  ventral 
aspect,  and  the  lower  ends  of  the  visceral  arches  are  pushed  backwards  over  each 
other  till  the  fourth  is  overlapped  by  the  third,  and  the  third  by  the  second. 

The  first  arch  is  the  mandibular,  the  second  the  hyoid,  the  third  the  tliyro-hyoid  ; 
the  fourth  and  fifth  have  no  special  designations.  Each  arch  is  covered — externally 
by  ectoderm,  internally  by  entoderm,  and  its  core  is  formed  of  mesoderm,  in  which 
there  is  developed  a  bar  of  cartilage  and  a  blood  vessel  called  a  cephalic  aortic 
arch. 

At  first  each  arch  is  limited  to  the  side  wall  of  the  fore-gut ;  but  after  a  time  it 
is  prolonged  into  the  ventral  wall,  encroaching,  with  the  exception  of  the  first,  upon 
the  sinus  arcuatus. 

The  first,  or  mandibular  arch,  is  formed  between  the  first  visceral  cleft  and  the 
bucco- pharyngeal  membrane.  As  it  develops  it  forms  the  lateral  and  lower 
boundaries  of  the  stomatodaeal  space,  and  it  grows  downwards  till  it  meets  its 
fellow  of  the  opposite  side  in  the  ventral  middle  line,  immediately  in  front  of  the 
tuberculum  impar.  Tlie  greater  part  of  this  arc);  is  converted  into  the  lower  jaw 
and  the  soft  tissues  wliich  invest  it.  From  its  upper  part  a  process  grows  forwards, 
the  maxillary  process,  from  which  the  upper  lateral  part  of  the  face,  between  the 
orbit  and  the  mouth,  is  developed,  and  in  which  the  superior  maxillary,  the  malar, 
and  the  palate  bones,  and  possibly  the  internal  pterygoid  plate  also,  are  developed 
and  ossified. 

From  the  posterior  border  of  the  outer  aspect  of  the  mandibular  arch  the  tragus 
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and  a  portion  of  the  helix  of  the  pinna  of  the  external  ear  are  formed.  The  carti- 
laginous bar  in  its  interior  is  known  as  Meckel's  cartilage.  It  forms  the  primitive 
skeleton  of  the  arch.  Its  upper  and  lower  extremities  are  ossified  and  remain  in 
the  adult,  the  former  as  the  malleus,  and  possibly  the  incus,  and  the  latter  as  the 
symphysial  part  of  the  lower  jaw.  The  remainder  of  the  cartilaginous  bar  dis- 
appears, but  the  fibrous  membrane  which  surrounds  the  lower  section  of  the  inter- 
mediate part  is  ossified  and  converted  into  the  main  part  of  the  lower  jaw,  whilst 
that  round  the  upper  section  of  the  intermediate  portion  persists  as  the  spheno- 
mandibular  ligament.  The  blood  vessel  developed  in  the  mandibular  arch  is,  for 
the  main  part,  a  transitory  structure,  but  its  ventral  section  is  converted  into  the 
internal  maxillary,  superficial  temporal,  and  lingual  arteries. 

The  second  and  third  arches  are  continued  downwards  into  the  floor  of 
the  pharyngeal 
portion  of  the 
fore-gut.  There, 
converging,  they 
insinuate  them- 
selves between 
the  tuberculum 
inipar  and  the 
furcula,  across 
the  anterior  part 
of  the  sinus 
arcuatus,  and 
imiting  together 
form  a  transverse 
bar.  This  rapidly 
changes  into  a 
semilunar  ridge, 
which  embraces 
the  posterior  part 
of  the  tuber- 
culum impar, 
with  which  it 
fuses,  and  it  forms 
the  posterior 
third  of  the 
tongue. 


The  second 
arch  takes  part 
in  the  formation 
of  the  side  and 
anterior  part  of 
the  neck.  From 
its  anterior  border  externally  a 
and  the  lobule  of  the  pinna  of 


Fig.  28. — Stages  in  the  Formation  of  the  Tongue  and  Upper  Apertuee  op  the 
Lajptnx  in  the  Human  Embryo  (after  His). 
I.  Embryo  14  days  old.    II.  Embryo  23  days  old.    III.  Embryo  28  to  30  days  old. 
IV.  Embryo  2  months  old. 


Visceral 
arches. 


C.  Ccelom. 

E.  Epiglottis. 

F.  Furcula. 

FC.  Foramen  caecum. 


G.  Glottis. 

SA.  Sinus  arcuatus. 

T.  Tongue. 

TI.  Tuberculum  impar. 


part  of  the  helix,  the  antihelix,  the  antitragus, 
the  external  ear  are  developed.  The  lower  and 
upper  portions  of  its  cartilaginous  bar — the  hyoid  bar — are  ossified ;  the  lower 
portion  forms  part  of  the  body  and  the  small  cornu  of  the  hyoid  bone  on  its 
own  side,  and  the  upper  portion  is  converted  into  the  intra-  and  extra-temporal 
sections  of  the  styloid  process  (the  tympano-hyal  and  stylo-hyal  portions  of  the 
styloid  process  of  the  temporal  bone).  The  fibrous  tissue  of  the  intermediate  part 
of  the  hyoidean  bar  persists  in  the  adult  as  the  stylo-hyoid  ligament.  The  blood- 
vessel of  the  hyoid  arch,  the  second  cephalic  aortic  arch,  almost  entirely  disappears, 
but  from  its  ventral  extremity  the  ascending  pharyngeal,  occipital  and  posterior 
auricular  arteries  are  probably  developed. 

The  third  visceral  arch  forms  part  of  the  neck  posterior  to  the  region  of  the 
second  arch,  and,  as  already  pointed  out,  its  lower  end  takes  part  in  the  formation 
of  the  posterior  part  of  the  tongue.  The  upper  and  middle  parts  of  its  cartilaginous 
bar  disappear,  but  the  lower  part  persists  and  is  converted  into  the  posterior  part 
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of  the  body  and  tlie  great  eornu  of  the  hyoid  bone  on  its  own  side.  Its  blood- 
vessel, the  third  cephalic  aortic  arch,  becomes  the  lower  part  of  the  stem  of  the 
internal  carotid  artery. 

The  fourth  and  fifth  visceral  arches  also  enter  into  the  formation  of  the  neck, 
but  their  exact  limits  in  the  adult  cannot  be  deiined.  Of  the  upper  sections  of  their 
cartilaginous  bars  no  ti'ace  remains  in  the  adult,  but  their  lower  portions  are 
believed  to  enter  into  the  formation  of  the  thyroid  cartilage  of  the  larynx.  The 
blood-vessel  of  the  fourth  arch  on  the  right  side  becomes  part  of  the  right  suli- 
clavian  artery,  that  on  the  left  side  is  converted  into  the  arch  of  the  aorta.  The 
vessels  of  the  fifth  arches  form  portions  of  the  pulmonary  arteries,  and  that  on  the 
left  side  forms  also  the  ductus  arteriosus. 

Further  Development  of  the  Ventral  Wall  of  the  Fore-gut  in  the  region  of 
the  Furcula. — The  sinus  arcuatus  whicli  surrounds  the  furcula  disappears  to  a 
great  extent  as  development  proceeds,  but  certain  parts  of  it  remain  and  are  recog- 
nisable in  the  adult.  The  anterior  portion  immediately  in  front  of  the  furcula  is 
divided  into  two  parts  as  the  lower  ends  of  the  second  and  third  arches  of  the  two 
sides  converge  and  fuse  in  the  ventral  wall  of  the  pharyngeal  portion  of  the 
foregut ;  the  middle  portion  of  the  sinus,  in  front  of  the  tranverse  bar  formed  by 
this  fusion,  persists  in  the  adult  as  the  foramen  cpecum  of  the  tongue,  and  at  a  very 
early  period  a  diverticulum  grows  backwards  from  it  in  the  floor  of  the  pharynx, 
dorsal  to  the  cartilage  bars  which  form  the  hyoid  bone,  but  ventral  to  the  rudi- 
ments of  the  thyroid  cartilage.  This  diverticulum  is  the  thyro-glossal  duct.  As 
soon  as  it  reaches  the  level  of  the  fourth  visceral  clefts  it  enlarges,  unites  with  the 
diverticula  from  those  clefts  which  form  the  lateral  lol)es  of  the  thyroid  body,  and 
is  itself  converted  into  the  isthmus  of  the  thyroid,  its  pyramidal  process  and  the 
thyro-glossal  duct  or  the  fibrous  cord  into  which  that  duct  becomes  converted  in 
the  adult.  Occasionally  the  thyro-glossal  duct  is  not  wholly  transformed  into  a 
fibrous  cord  but  portions  of  it  remain  in  the  foim  of  isolated  vesicles,  lined  with 
columnar  or  cubical  epithelium,  or  as  cords  of  cells,  and  these  occasionally  undergo 
abnormal  development,  forming  tiunours  at  the  base  of  the  tongue  or  in  the  upper 
part  of  the  neck. 

Tlie  portion  of  the  sinus  arcuatus  which  lies  behind  the  conjoined  lower 
extremities  of  the  second  and  third  arches  of  opposite  sides,  and  in  front  of  the 
furcula,  persists  in  a  modified  form  in  the  adult,  and  is  recognisable  as  glosso- 
epiglottidean  pouches  or  valleculae  at  the  base  of  the  tongue. 

The  furcula  and  the  groove  in  the  ventral  wall  of  the  fore-gut,  which  it  embraces 
antero-laterally,  are  both  of  considerable  importance.  The  anterior  part  of  the 
furcula  is  situated  in  the  ventral  wall  of  the  pharyngeal  portion  of  the  fore-gut,  but 
its  backward  prolongations  and  the  furrow  between  them  lie  in  what  may  be 
termed  the  intermediate  part  of  the  fore-gut,  that  is,  in  that  part  of  the  fore-gut 
which  intervenes  between  the  pharyngeal  and  stomach  -regions.  Gradually  the 
furrow  deepens,  and  its  posterior  extremity  dilates  on  each  side.  Afterwards  the 
margins  of  the  furrow  coalesce  from  behind  forwards,  and  in  this  manner  the 
cavity  of  tlie  furrow  is  separated  from  the  fore-gut,  its  walls  are  converted  into  the 
trachea  and  the  lower  part  of  the  larynx,  wliilst  the  diverticula  which  are  projected 
from  its  posterior  end,  form  the  rudiments  of  the  bronchi.  The  fusion  of  the 
margin  of  the  furrow  ceases  a  short  distance  behind  its  anterior  extremity,  which 
latter  persists  as  the  superior  aperture  of  the  larynx.  The  anterior  part  of  the 
furcula,  which  bounds  tliis  aperture  in  front,  becomes  the  epiglottis,  and  its  lateral 
extensions,  which  form  tlie  margins  of  the  aperture,  are  converted  into  the  aryteno- 
epiglottidean  folds  in  the  sxibstance  of  which  the  arytenoid  cartilages  and  the 
cartilages  of  Santorini  and  "VVrisberg  (cuneiform  cartilages)  are  formed. 

DEVELOPMENT  OE  THE  MOUTH  AND  THE  NOSE. 

The  nose  is  formed  entirely  from  the  stomatodccum.  The  mouth  has  a  doultle 
origin  ;  the  roof  and  fore  part,  including  the  teeth,  are  developed  from  the  stomato- 
diL'um,  whilst  the  lloor  and  the  tongue  are  developed  from  the  pharyngeal  portion  of 
the  fore-gut. 
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It  has  already  been  pointed  out  (p.  32)  that  the  stomatod;Teal  depression  lies 
between  the  anterior  part  of  the  head  {i.e.  the  tissues  forming  the  base  of  the 
primary  fore-brain)  and  the  pericardial  region,  and  that  it  is  separated  posteriorly 
from  the  fore-gut  by  the  bucco-pharyngeal  membrane.  At  first  it  has  no  distinct 
lateral  boundaries,  but  subsequently  the  mandibular  arches,  which  are  developed  at 
the  sides  of  the  bucco-pharyngeal  membrane,  project  forward  beyond  it  and  form 
lateral  limits  of  the  depression.  If  the  stomatodseal  space  is  examined  from  the 
front  at  this  period  the  following  boundaries  are  recognisable.    Above  and  in  front 


Maxillary 

Mesencephalon  Bye       in-ocess      Mandibular  arch  Prosencephalon 


Fig.  29. 


I.  Side  view  of  the  head  of  human  embryo  about-  27  days  old,  showing  the  olfactory  pit  and  the  visceral  arches 

and  clefts  (from  His). 

II.  Transverse  section  through  the  head  of  an  embryo,  showing  the  relation  of  the  olfactory  pits  to  the  fore- 

brain  and  to  the  roof  of  the  stoniatodaeal  space. 

III.  Head  of  human  embryo  about  29  days  old,  showing  the  division  of  the  lower  part  of  the  mesial  frontal 

process  into  the  two  globular  processes,  the  intervention  of  the  olfactory  pits  between  the  mesial 
and  lateral  nasal  processes,  and  the  approximation  of  the  maxillary  and  lateral  nasal  processes,  which, 
however,  are  separated  by  the  oculo-nasal  sulcus  (from  His). 

IV.  Transverse  section  of  head  of  embryo,  showing  the  deepening  of  the  olfactory  pits  and  their  relation  to  the 

hemisphere  vesicles  of  the  fore-brain. 

is  the  projecting  anterior  part  of  the  head  which  is  termed  the  fronto-nasal  process, 
laterally  are  the  mandibular  arches,  and  below  and  posteriorly  is  the  anterior  part 
of  the  pericardial  region.  After  a  short  time  the  lower  ends  of  the  mandibular 
arches  meet  in  front  of  the  pericardial  region,  and,  fusing  together,  form  the 
posterior  or  lower  margin  of  the  aperture ;  simultaneously  the  lateral  boundaries  of 
the  space  are  still  further  completed  by  the  forward  growth  of  a  nodular  projection, 
the  maxillary  process,  from  the  upper  end  of  each  mandibular  arch.  About  the 
fifteenth  day  the  bucco-pharyngeal  membrane  disappears,  and  the  stomatodseal  space 
and  pharynx  are  thenceforth  continuous.  No  trace  of  the  bucco-pharyngeal  mem- 
brane is  recognisable  in  the  adult,  but  its  position  may  be  represented  by  an 
imaginary  plane  extending  from  the  anterior  part  of  the  basi-sphenoid  above  to  the 
base  of  the  alveolar  process  of  the  lower  jaw,  on  its  lingual  surface,  below. 
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Whilst  the  boundaries  of  the  stomatodaeal  space  are  l)eing  defined,  two  oval 
depressions,  lined  with  thickened  epithelium,  appear  in  its  upper  boundary  on  the 
lower  and  anterior  surfaces  of  the  fronto-nasal  process ;  these  are  the  olfactory  pits 
or  depressions.  A  portion  of  the  epithelium  of  their  walls  is  separated  off  and  takes 
part  in  the  formation  of  the  olfactory  bulbs,  whilst  the  remainder  is  transformed 
into  the  olfactory  epithelium,  from  which  the  olfactory  nerve-fibres  giow  inwards 
to  the  olfactory  bulbs.  As  the  olfactory  pits  deepen  they  grow  backwards  into  the 
roof  of  the  stomatodteal  space,  and  at  the  same  time  they  separate  the  lower  portion 
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Fig.  30. 

I.  Portion  of  the  head  and  neck  of  a  Ininian  embrj^o  32  days  old.    The  floor  of  the  nioutli  and  pharynx  and 

the  ventral  part  of  the  anterior  portion  of  the  bod}'  have  been  removed.  By  the  approximation  of  the 
globular  and  maxillary  processes  the  boundaries  of  the  anterior  nares  are  almost  complete,  but  tlie 
olfactory  pits  still  open  in  the  whole  of  their  lengths  into  the  roof  of  the  mouth  (from  His). 

II.  Transverse  section  of  the  head  of  an  embryo,  showing  the  close  apposition  of  the  globular  and  maxillary 

processes. 

III.  Head  of  human  endiryo  about  2  months  old,  showing  the  union  of  the  globular  processes  and  their  fusion 

with  the  maxillary  processes.    The  anteriornasal  apertures  are  now  completely  defined  (from  His). 

IV.  Transverse  section  of  the  head  of  an  endiryo,  showing  the  fusion  of  the  maxillary  processes  with  the 

globular  processes,  and  the  separation  anteriorly  of  the  nose  from  the  mouth. 

of  the  fronto-nasal  process  into  three  parts,  constituting  a  median  and  two  lateral 
nasal  processes.  At  each  lateral  angle  of  the  median  nasal  process  a  spheroidal 
elevation,  the  globular  process,  appears.  The  part  of  the  median  nasal  process 
wliich  intervenes  between  the  two  globular  processes  is  divided  into  two  areas,  an 
u])per  triangular  and  a  lower  quadrilateral,  by  the  appearance  of  a  tranverse  ridge, 
which  is  afterwards  moulded  into  the  tip  of  the  nose.  The  upper  triangular  area 
becomes  the  dorsum  of  the  nose,  and  the  lower  quadrilateral  area  forms  the 
columella,  i.e.  the  lower  and  anterior  part  of  the  septum  between  the  anterior 
nasal  apertures.  The  globular  processes  are  utilised  in  the  formation  of  the  philtrum 
or  middle  part  of  the  upper  lip,  and  the  lateral  nasal  processes  form  the  aUc  of 
the  nose  or  lateral  boundaries  of  the  anterior  nasal  apertures.   As  tlie  olfactory  pits 
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deepen  and  grow  backwards  into  the  roof  of  the  stomatodaeum  the  maxillary  pro- 
cesses grow  forwards  from  the  lateral  boundaries  of  that  space,  that  is  from  the 
upper  ends  of  the  mandibular  arches,  and  pass  beneath  the  eyes,  which  now  form 
distinct  prominences  on  the  sides  of  the  head.  The  upper  borders  of  the  maxillary 
processes  come  into  contact  with  the  lateral  nasal  processes  from  which  they  are 
temporarily  separated  by  grooves,  the  oculo-nasal  sulci.  These  latter  pass  from  the 
depressions  round  the  eyeballs,  the  rudimentary  conjunctival  sacs,  to  the  margins  of 
the  nasal  pits.  The  anterior  extremities  of  the  maxillary  processes  impinge  upon 
the  globular  processes,  and  ultimately  their  upper  borders  and  anterior  extremities 
fuse  with  the  lateral  nasal  and  globular  processes  completing  the  posterior  bound- 
aries of  the  anterior  nasal  orifices,  and  the  lateral  parts  of  the  primitive  upper  lip. 
At  the  same  time  the  oculo-nasal  sulci  are  converted  into  the  lachrymal  sacs  and  the 
nasal  ducts,  which  henceforth  constitute  the  channels  of  communication  between 
the  conjunctival  sacs  and  the  nose. 

The  result  of  the  ingrowth  of  the  maxillary  processes  and  their  fusion  with  the 
lateral  nasal  and  globular  processes  is  the  division  of  the  large  orifice  which  led  into 
the  stomatodseal  space  into  three  parts — a  large  lower,  and  two  smaller  upper  aper- 
tures.  The  lower  opening  is  the  aperture  of  the  mouth ;  it  is  bounded  below  by  the 


Anterior  nasal  orifice    •  Ethmo-vomerine  plate 


Pituitary  depression  Tongue  Meckel's  cartilage 

Fig.  31. 


I.  Portion  of  the  head  of  a  human  embryo  about  2J  months  old  (His).    The  lips  are  separated  from  the  gums, 

and  the  line  of  the  comniou  dental  germ  is  visible  in  the  latter.  The  palatal  processes  are  growing 
inwards  from  the  maxillary  processes. 

II.  Transverse  section  of  the  head  of  an  embryo  after  the  fusion  of  the  palatal  processes  of  the  maxillary  pro- 

cesses with  the  nasal  septum,  which  grows  backwards  from  the  fused  globular  processes. 

i< 

united  mandibular  arches,  and  above  by  the  fused  mesial  nasal,  and  maxillary 
processes.  The  smaller  upper  openings  are  the  anterior  nares,  which  on  their  first 
formation  are  merely  foramina  of  communication  between  the  exterior  and  the 
upper  part  of  the  stomatodseal  space ;  the  latter  is  not  yet  separated  into  nasal  and 
oral  chambers. 

Formation  of  the  Palate  and  the  Separation  of  the  Nasal  and  Buccal 
Cavities. — This  separation  is  effected  by  the  formation  of  the  palate,  which  is 
developed  to  a  slight  extent  by  the  backward  growth  of  the  globular  processes 
along  the  roof  of  the  space  as  a  pair  of  ridges,  termed  the  nasal  laminse,  which  fuse 
together  to  form  a  small  anterior  portion  of  the  palate,  viz.  the  intermaxillary  pro- 
cess, in  which  the  intermaxillary  parts  of  the  superior  maxillpe  are  formed.  The 
remaining  and  greater  part  of  the  palate  is  formed  by  two  ledge-like  ingrowths, 
one  from  the  inner  surface  of  each  maxillary  process,  which  meet  and  fuse  anteriorly 
with  the  intermaxillary  process,  and  behind  this  with  each  other.  In  these  pro- 
jections the  palatal  processes  of  the  superior  maxillte  and  the  horizontal  plates  of 
the  palate  bones  are  formed,  and  by  their  fusion  the  upper  part  of  the  stomatodseal 
space  is  separated  off  from  the  remainder  as  a  common  nasal  chamber  which  com- 
municates in  front  with  the  exterior  by  the  anterior  narial  orifices,  and  behind 
with  the  pharyngeal  portion  of  the  fore-gut  by  the  choanal  apertures  or  posterior 
nares.  The  lower  part  of  the  stomatodseal  space  and  the  front  part  of  the  fore-gut 
together  form  the  mouth  or  buccal  cavity ;  this  opens  anteriorly  by  a  transverse 
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aperture,  the  boundaries  of  which  have  already  been  described,  and  posteriorly  it  is 
in  direct  continuity  with  the  pharynx. 

The  division  of  the  common  nasal  chamber  into  two  parts  commences  before  its 
separation  from  the  mouth  is  completed,  and  it  is  brought  about  by  the  development 
of  a  septum  which  is  continixous  anteriorly  with  tlie  fused  nasal  laminte,  and  which 
grows  downwards  and  backwards  from  the  mesial  part  of  the  under  aspect  of  the 
fronto-nasal  process.  This  septum  fuses  below  with  the  conjoined  margins  of  the 
palatal  ledges  of  the  maxillary  processes,  and  a  vertical  plate  of  cartilage  soon 
de\  elops  in  its  interior,  which  is  continuous  above  with  the  cartilaginous  base  of  the 
cranium  (basi-cranial  axis).  A  portion  of  this  septal  cartilage  remains  in  the  adult 
as  the  septal  cartilage  of  the  nose,  and  the  remainder  is  more  or  less  completely 
replaced  by  the  vertical  plate  of  the  ethmoid  bone  and  by  the  vomer.    The  lateral 

wall  of  each  nasal  chamber  is  formed, 
in  the  lower  part  of  its  extent,  by  the 
maxillary  process  of  the  mandilnilar  arch, 
in  which  the  superior  maxillary,  malar, 
and  palate  bones,  and  possibly  the  inter- 
nal pterygoid  plate,  are  developed,  and 
in  the  upper  part  by  the  outer  boundary 
of  the  original  nasal  pit,  which  now 
forms  only  the  upper  part  of  the  nasal 
cavity.  In  this  upper  section  of  the 
outer  wall  an  outgrowth  of  the  basi- 
cranial  axis  projects  downwards,  and  is 
developed  into  the  lateral  mass  of  the 
ethmoid  bone ;  probably  it  also  takes 
part  in  the  formation  of  the  inferior 
turbinal  bone. 

The  fusion  of  the  three  segments  of 
the  palate  commences  anteriorly  at  the 
eighth  week  by  the  union  of  the  maxil- 
lary and  globular  processes ;  it  passes 
backwards  and  is  completed  by  the 
fusion  of  the  posterior  parts  of  the 
palatal  ledges  of  the  maxillary  processes, 
about  the  tenth  week.  To  the  non- 
completion  of  this  fusion  the  various 
cases  of  hare-lip  and  cleft  palate  are  due. 

The  Organ  of  Jacobson.— The  organs 
of  Jacobson  are  rudimentary  structures  in 
man.  They  lie  in  the  lower  and  anterior 
part  of  the  nasal  septum,  one  upon  each 
side.  They  are  developed  as  small  diverti- 
cula which  grow  backwards  and  upwards 
in  the  substance  of  the  septum,  and  their  points  of  commencement  are  situated 
immediately  above  the  interma.xillary  segment  of  the  palate.  Each  diverticulum  is 
partially  surrounded,  on  its  inner  side,  by  a  cartilaginous  capsule,  it  ends  blindly  behind, 
and  it  opens  anteriorly  close  to  tlie  floor  of  the  nose  in  the  region  of  Stenson's  foramen — 
a  small  aperture  left  between  the  premaxillary  and  maxillary  sections  of  the  bony  palate. 

The  Pituitary  Body.— The  pituitary  body  is  formed  partly  from  the  tioor  of 
the  first  primary  cerebral  vesicle,  and  partly  from  the  roof  of  the  stomatoda;al 
space.  The  stomatodteal  portion  appears  as  a  small  pouch,  Kathke's  poncli,  which 
grows  dorsally  into  the  base  of  the  head  immediately  in  front  of  the  dorsal  end  of 
the  bucco-pharyngeal  membrane  and  the  anterior  end  of  the  notochord  and  behind 
the  fore-brain.  It  is  lined  by  ectoderm,  and  soon  becomes  a  conical  vesicle  which 
lies  beneath  the  base  of  the  fore-brain.  Its  orifice  of  communication  with  the 
stomatodteal  space  is  gradually  constricted  until  the  lumen  disappears,  and  then 
for  a  time  tlie  vesicle  is  connected  with  the  surface  by  a  solid  conl  of  ectodermal 
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Fig.  32. — Vertical  Section  through  Head  op 
Kat  Embryo. 
Showing  the  formation  of  the  two  parts  of  the  pituitary 
body  (diagrammatic). 
(Ectoderm  is  represented  iu  black,  entoderm  in  blue, 
and  mesoderm  in  red.) 
At.   Atlas.  P.    Pineal  body. 

Ax.  Axis.  PR.  Cerebral  hemisphere. 

B.     Cartilaginous    basi-    Pt^  Cerebral  part  of  pituit- 

cranial  axis.  ary  body. 

H.    Heart.  Pfl  Buccal  part  of  pituitary 

HB.  Hind-brain.  body. 
MB.  Mid-brain.  SG.  Spinal  ganglion. 

N.     Part  of  nasal  cavity.    T.  Tongue. 

Th.  Thalamencephalon. 
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cells.  This  also  disappears,  and  the  vesicle  is  embedded  in  the  base  of  the  head  in 
a  region  above  and  between  those  parts  of  the  basal  axis  which  afterwards  are 
transformed  into  the  basi-  and  pre-sphenoid  elements  of  the  sphenoid  bone. 

During  the  period  of  its  formation  and  separation  the  ingrowth  from  the 
stomatodiieum  comes  into  relation  posteriorly  with  a  small  diverticulum  from  the 
tioor  of  the  fore-brain,  which  dilates  at  its  lower  end  to  form  the  posterior  or 
cerebral  lobe  of  the  pituitary  body,  whilst  its  upper  part  remains  as  the  infundi- 
buluni,  the  connecting  stalk  between  the  pituitary  body  and  the  tioor  of  the  third 
ventricle  of  the  brain.  The  anterior  or  stomatodceal  lobe  of  the  pituitary  body  is 
much  larger  than  the  posterior  lobe,  which  it  surrounds  and  conceals  both  in  front 
and  at  the  sides. 

It  is  evident  that  in  the  early  stages  the  pituitary  body  consists  of  two 
ectodermal  vesicles,  the  cavity  of  the  posterior  vesicle  is  continuous  with  the 
cerebral  tube,  and  that  of  the  anterior  vesicle  with  the  cavity  of  the  primitive 
mouth.  The  cavity  of  the  posterior  vesicle  is  generally  obliterated,  and  though 
nervous  structures  are  for  a  time  developed  in  its  walls  they  entirely  disappear  in 
man  and  are  replaced  by  vascular  connective  tissue.  Occasionally  a  small  part  of 
the  cavity  remains  as  a  minute  vesicle  lined  with  columnar  ciliated  epithelium. 

The  cavity  of  the  anterior  vesicle  persists,  it  sends  out  numerous  diverticula, 
and  is  gradually  converted  into  a  number  of  tubular  spaces,  lined  with  cubical  or 
columnar  cells,  united  together  by  vascular  connective  tissue  which  has  grown 
amidst  the  tubules  from  the  surrounding  mesoderm. 
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THE  EXTERNAL  EAR,  THE  TYMPANIC  CAVITY,  AND  THE 
EUSTACHIAN  TUBE. 

The  external  ear,  the  tympanic  cavity,  and  the  Eustachian  tube  are  all  developed 
from  the  first  visceral  cleft  and  its  boundaries.  The  cleft  lies  between  the 
mandibular  (first)  and  the  hyoid  hb 
(second)  visceral  arch  in  the  side 
wall  of  the  pharyngeal  portion  of 
the  fore-gut,  and,  before  a  neck 
is  developed,  it  extends  from 
just  benea.th  the  otic  vesicle, 
which  lies  at  the  side  of  the  hind- 
brain,  above,  to  the  pericardial 
region  below.  The  membrane 
which  lies  at  the  bottom  of  the 
cleft  consists  in  the  early  stages 
of  ectoderm  and  entoderm,  but 
in  a  short  time  a  thin  layer  of 
mesoderm  grows  between  the 
two  primary  layers,  and  the 
trilaminar  septum  is  ultimately 
converted  into  the  tympanic 
membrane  which  separates  the 
external  from  the  middle  ear. 

The  differentiation  of  the 
outer  part  of  the  cleft  is  initiated 
by  the  appearance  of  six  tuber- 
cles round  its  margins,  which  are 
afterwards  transformed  into  the 
■  several  parts  of  the  pinna. 

Two  tubercles  are  formed  an- 
teriorly on  the  mandibular  arch, 
one  at  the  upper  end  of  the  cleft 
and  three  posteriorly  on  the  hyoid  arch.  The  two  tubercles  on  the  mandibular 
arch  are  a  small  lower,  the  tuberculum  tragicum,  and  a  larger  upper,  the  tuberculum 
anterius  helicis.     The  tubercle  at  the  i;pper  end  of  the  cleft  is  the  tuberculum 


Fig.  33. — Transverse  Section  through  the  Head 
OP  A  Rat  Embryo. 
Showing  the  rudiments  of  the  tliree  parts  of  the  ear  and  their 
relation  to  the  hyo-maudibular  cleft. 
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intermedium  helicis.  The  upper  tubercle  on  the  hyoid  arch  is  the  tuberculum 
anthelicis,  the  middle  is  the  tuberculum  antitragicum,  and  the  lowest  is  the 
tuberculum  lobulare.  Shortly  after  the  appearance  of  the  tubercles  a  process,  the 
caudal  process,  grows  backwards  and  downwards,  from  the  posterior  part  of  the 
tuberculum  intermedium  helicis,  behind  the  tuberculum  anthelicis  and  the  tuber- 
culum antitragicum  to  the  tuberculum  lobulare,  with  which  it  fuses.  The 
tuberculum  tragicum  remains  moie  or  less  distinct,  and  it  forms  the  prominence 
called  the  tragus  which  lies  in  front  of  the  concha  and  external  auditory  meatus. 

The  two  tubercles  of  the  helix  and  the  caudal  process  unite  to  form  the  helix 
or  marginal  portion  of  the  pinna ;  this  terminates  below  in  the  lobule  which 
is  developed  from  the  tul)erculum  lobulare.    The  tuberculum  anthelicis  and  the 

antihelix  and  tlie 


tuberculum  antitragicum  are  the  rudiments  respectively  of  the 


antitragus,  and 
the  latter  unites 
below  the  lower 
part  of  the  cleft 
withtherudiment 
of  the  tragus, 
forming  the  lower 
boundary  of  the 
outer  part  of  the 
external  meatus. 
It  should  be 
noted  that  in  the 
early  stages  the 
tul)erculum  an- 
terius  lielicis  lies 
in  front  of  the 
outer  part  of  the 
first  visceral  cleft, 
but  it  does  not 
retain  this  posi- 
tion in  the  later 
stages  during 
whicli  the  cleft 
is  relatively  re- 
duced in  size,  and 
when  develop- 
ment is  completed 
and  the  outer  part 
of  the  cleft  is 
transformed  into 
the  external  audi- 
tory meatus  the  commencement  of  the  helix,  which  is  developed  from  the  tuberculum 
anterius  helicis,  is  situated  just  above  the  outer  extremity  of  tlie  external  meatus. 

The  outer  part  of  the  cleft  is  moulded  into  the  external  auditory  passage.  It 
remains  relatively  shallow  and  devoid  of  bony  boundaries  till  after  birth,  but  in 
the  subcutaneous  tissue  round  the  lower  margin  of  the  tympanic  membrane  an 
incomplete  ring  of  bone  is  formed  diiring  the  third  month,  and  at  an  earlier  period, 
above  the  upper  part  of  that  membrane,  the  rudiment  of  the  squamous  part  of  the 
temporal  bone  appears.  To  the  outer  side  of  the  tympanic  ring  in  the  subcutaneous 
tissue  of  the  pinna  and  tlie  outer  part  of  tlie  exteinal  auditory  passage  three  pieces 
of  cartilage  appear,  and  they  afterwards  join  to  form  the  cartilage  of  the  pinna  and 
the  external  auditory  meatus. 

After  birth  the  external  meatus  is  deepened,  by  the  outgrowth  of  the  tympanic 
ring  below  and  of  the  squamous  part  of  the  temporal  bone  abo\'e,  together  witli  a 
coincident  increase  of  the  outer  part  of  the  canal. 

The  tympanic  cavity  and  the  Eustachian  tube  are  both  formed  from  the  inner 
part  of  the  first  visceral  cleft,  and  consequently  they  are  both  lined  by  entoderm. 
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Fig.  34. — Figdees,  Modified  from  His,  Illustrating  the  Formation  of 

THE  Pinna. 
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The  tympanic  cavity  is  developed  from  the  dorsal  or  upper  end  of  this  portion 
of  the  cleft,  and  it  is  prolonged  upwards  on  the  outer  side  of  the  otic  vesicle  which 
simultaneously  descends  in  the  tissues  of  the  head.  Thus  the  upper  end  of  the 
inner  portion  of  the  cleft,  which  is  somewhat  dilated,  comes  to  lie  between  the  otic 
vesicle,  which  is  developed  into  the  internal  ear,  on  the  inner  side,  and  the  tympanic 
membrane  which  separates  it  from  the  external  auditory  meatus  on  the  outer  side, 
and  it  remains  in  the  adult  as  a  laterally  compressed  space,  the  tympanic  cavity, 
which  is  continuous  through  the  Eustachian  tube  with  the  iipper  part  of  the 
pharynx.  In  the  mesoderm  round  the  inner,  upper,  and  back  part  of  the  cavity  the 
petrous  part  of  the  temporal  bone  is  developed  and  ossified,  and  in  the  lower  and 
anterior  part  the  tympanic  ossification  extends  outwards  during  the  formation  of 
the  tympanic  plate. 

The  upper  part  of  the  tympanic  space  is  prolonged  backwards  between  the  ossifying 
peti'ous  and  squamous  parts  of  the  temporal  bone,  where  it  forms  a  recess  known  in  the 
adult  as  the  mastoid  antrum,  from  which  at  a  later  period  diverticula  are  projected  into 
the  mastoid  portion  of  the  temporal  bone,  forming  the  mastoid  air  cells. 

The  lower  portion  of  the  inner  part  of  the  cleft  is  moved  obliquely  forwards. 
As  development  proceeds  it  is  contracted  and  carried  downwards  and  forwards  in 
front  of  the  developing  otic  vesicle.  It  is  the  rudiment  of  the  Eustachian  tube, 
and,  as  the  septum  which  separates  the  nasal  chambers  from  the  mouth  is  formed, 
its  lower  end  attains  a  position  just  behind  and  at  the  side  of  the  posterior  narial 
orifice  in  the  upper  and  lateral  part  of  the  pharynx.  Apparently,  therefore,  the 
lower  end  of  the  Eustachian  tube  has  a  much  higher  position  than  that  originally 
occupied  by  the  lower  end  of  the  cleft  from  which  it  is  formed,  for  it  will  be 
remembered  that  the  lower  end  of  the  first  visceral  cleft  is  situated,  in  the  early 
stages,  at  the  side  of  the  tuberculum  impar  from  which  the  anterior  two-thirds  of 
the  tongue  is  formed.  This  alteration  in  relative  position  is  due,  however,  not  to 
elevation  of  the  lower  end  of  the  first  visceral  cleft  during  its  transformation  into 
the  Eustachian  passage,  but  to  the  enormous  downgrowth  of  the  mandibular  arches, 
which  carry  with  them  the  tongue,  as  they  enlarge  to  form  the  lower  jaw. 

I/'  THE  HIND-GUT,  THE  ANAL  PASSAGE,  AND  THE  POST-ANAL 

OR  TAIL  GUT. 

By  the  formation  of  the  mouth  the  primitive  alimentary  canal  opens  anteriorly ; 
it  remains  closed  posteriorly  until  a  later  date,  when  the  anal  passage  and  orifice 
are  developed.  "* 

The  posterior  end  of  the  hind-gut  which  is  enclosed  in  the  tail-fold  is  termed 
the  cloaca.  The  cloaca  is  dilated,  and,  assuming  a  conical  form,  receives  the 
terminations  of  the  genito-urinary  ducts.  It  is  bounded  postero-inferiorly  by  the 
cloacal  membrane  which  extends  from  the  root  of  the  tail  to  the  body  stalk  by  which 
the  embryo  is  attached  to  the  chorion.  The  cloacal  membrane  is  modified  from  the 
posterior  part  of  the  primitive  streak ;  this  remains  on  the  surface  of  the  body  after 
the  anterior  part  has  been  separated  and  enclosed  during  the  completion  of  the 
posterior  part  of  the  neural  canal,  and  it  forms  a  septum  between  the  cavity  of  the 
cloaca  and  the  exterior.  It  consists  at  first  of  ectoderm  and  entoderm  alone,  and 
it  is  only  at  its  lower  and  anterior  part  that  it  is  subsequently  invaded  to  a  slight 
extent  by  mesoderm. 

During  the  second  month  of  intrauterine  life  the  cloaca  is  divided  into  a  ventral 
or  genito-urinary,  and  a  dorsal  or  rectal  section,  by  the  formation  and  fusion  of 
lateral  folds,  which  gradually  unite,  from  before  backwards,  till  finally  the  posterior 
end  of  the  septum  approaches  and  fuses  with  the  cloacal  membrane,  and  the 
rectum  is  separated  from  the  genito-urinary  chamber.  Before  this  separation 
is  completed  an  eminence  appears  in  the  region  of  the  anterior  part  of  the 
cloacal  membrane  at  the  junction  of  the  ventral  surface  with  the  posterior 
extremity  of  the  body,  i.e.  in  that  part  which  afterwards  becomes  the  region  of  the 
symphysis  pubis.  This  eminence  is  the  genital  eminence,  and  from  it  are  formed 
the  penis  in  the  male  and  the  clitoris  in  the  female.    The  genital  eminence  is 
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surrounded  by  an  oval  fold  of  skin,  the  genital  fold,  which  extends  from  the  front 
of  the  eminence  to  the  root  of  the  tail  and  encloses  a  shallow  fossa,  the  cloacal 

fossa,  at  the  bottom  of  which  is  the  cloacal  mem- 
brane. The  posterior  part  of  the  cloacal  fossa  is 
afterwards  separated  from  the  anterior  part  by 
a  transverse  fold,  the  perineal  fold,  which  crosses 
the  external  surface  of  the  cloacal  membrane  in 
a  position  which  corresponds  internally  with  that 
occupied  by  the  lower  end  of  the  septum  separating 
the  genito-iirinary  from  the  rectal  portions  of  the 
cloaca.  The  posterior  part  of  the  cloacal  fossa, 
behind  the  transverse  fold,  is  the  proctodseal  de- 
pression or  proctodseum  ;  at  first  its  long  axis  lies 
transversely,  afterwaixls  it  assumes  a  triangular 
and  then  a  circular  form,  the  sphincter  ani  muscle 
develops  in  its  walls,  and  it  is  transformed  into  the 
greater  part,  if  not  the  whole,  of  the  anal  canal 
of  the  adult.  It  is  separated  from  the  rectum  by 
the  posterior  part  of  the  cloacal  membrane,  but 
when  that  disappears,  at  a  date  which  has  not  yet 
been  definitely  ascertained,  but  probably  about  the 
third  month,  the  anal  passage  forms  the  canal  by 
which  the  rectum  communicates  with  the  exterior 
of  the  body. 

The  orifices  of  the  alimentary  canal  are  thus 
completed. 

The  Post-anal  or  Tail  Gut. — When  the  hind- 
gut  is  first  enclosed  there  is  no  tail,  but  a  rudimentary 
tail  is  subsequently  developed  as  an  outgrowth  from 
the  dorsal  end  of  the  tail-fold,  i.e.  from  the  posterior 
extremity  of  the  body  of  the  embryo.  As  the  tail  is 
formed,  a  narrow  tube,  which  communicates  in  front 
with  the  hind-gut,  is  developed  within  it.  This  is 
called  the  post-anal  or  tail  gut.  As  a  rule  it  only 
exists  for  a  short  time,  disappearing  from  before  back- 
wards about  the  period  when  cartilage  begins  to  be 
formed  in  the  body  and  limbs,  and  before  the  cloaca 
is  divided  into  its  rectal  and  genito-urinary  portions. 
In  the  few  cases  in  which  it  persists  it  retains  its  con- 
tinuity with  the  rectum,  which  is  formed  from  the 
dorsal  part  of  the  cloaca. 

It  appears  in  the  human  subject  when  the  embryo 
is  3  mm.  long,  and  the  rudimentary  tail  is  just  visible 
as  a  small  nodule.  Wheu  the  embryo  attains  the 
length  of  4 '8  mm.  the  anterior  part  of  the  tail-gut 
begins  to  degenerate,  its  cavity  disappears,  and  it  is  converted  into  a  solid  cord  of  cells  which 
is  still  ■  attached  in  front  to  the  hind-gut.  In  embryos  1 1  "5  mm.  long,  wiien  the  tail  has 
been  enclosed  in  the  posterior  part  of  the  body,  the  coiniexion  of  the  tail-gut  with  the 
hind-gut  is  lost,  and  the  tail-gut  is  represented  by  a  small  vesicle  with  a  short  cord  of 
degenerating  cells  attached  to  its  anterior  part. 

In  larger  embryos  the  tail-gat  entirely  disappears.  When,  as  in  the  human  subject,  the 
rudimentary  tail  is  eventually  embedded  in  the  posterior  end  of  the  body,  any  rudiments 
of  the  tail-gut  which  persist  will  be  found  in  this  situation  ;  it  is  stated  that  such  rudi- 
ments occasionally  develop  into  tumour  formations.  In  mammals  with  free  tails, 
rudiments  of  the  tail-gut  may  be  met  with  in  any  part  of  the  tail,  and  apparently  the 
anterior  portion  occasionally  persists  and  maintains,  its  connexion  with  the  rectum,  from 
which  it  extends  backwards  as  a  narrow  and  blind  diverticulum. 


Fio.  35. — Diagrams  sliowiug  the  separa- 
tion of  the  cloacal  part  of  the  hiud- 
giit  into  genito-urinary  tract  and 
rectum. 
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THE  LIMBS. 

Though  the  body  of  the  embryo  begins  to  assume  definite  form  as  soon  as  it  is 
folded  and  nipped  o&  from  the  rest  of  the  ovum,  it  does  not  present  any  distinguish- 
able human  characteristics  until  the  anterior  and  posterior  limbs  are  formed.  There 
are  no  traces  of  these  before  the  third  week  of  intrauterine  life  when  two  longi- 
tudinal ridges,  the  Wolffian  ridges,  are  developed,  one  on  each  lateral  surface  of  the 
body,  just  external  to  the  outer  margins  of  the  protovertebral  somites,  and  opposite 
the  line  of  the  intermediate  cell  mass.  The  rudiments  of  the  fore  and  hind  limbs 
are  discernible,  almost  from  the  first,  as  slight  prominences  of  the  Wolffian  ridges, 
and  in  the  fourth  week  they  project  as  bud-like  outgrowths  in  the  thoracic  and 
pelvic  regions  respectively.  The  development  of  the  fore-limb  or  arm  is  through- 
out slightly  in  advance  of  that  of  the  hind-limb  or  leg.  At  the  fourth  week  each 
limb-bud  is  a  flattened  semi-lunar  projection,  as  long  as  it  is  broad,  with  dorsal  and 
ventral  surfaces  and  anterior  or  preaxial,  and  posterior  or  postaxial  borders.  As 
growth  proceeds,  the  elongating  limb-buds  are  bent  ventrally,  and  in  the  fifth 
week  two  transverse  furrows,  on  the  ventral  aspect  of  each,  indicate  the  positions 
of  the  joints  and  the  division  of  each  limb  into  three  segments — distal,  middle,  and 
proximal — representing  the  hand,  forearm,  and  arm  in  the  upper  limb,  and  the  foot, 
leg,  and  thigh  in  the  lower  limb.  The  terminal  or  distal  segments  are  broad  flat 
plates  with  rounded  margins,  but  each  is  soon  divided  into  a  somewhat  enlarged 
basal  part,  and  a  thinner  and  more  flattened  marginal  part.  It  is  where  these  two 
parts  are  continuous  that  the  rudiments  of  the  digits  appear.  They  become 
distinguishable  about  the  end  of  the  fifth  week  as  small  lobes  which  gradually 
extend  outwards.  In  the  fore-limb  the  fingers  project  beyond  the  margin  of  the 
hand-segments  in  the  sixth  week,  but  the  toes  do  not  reach  the  margins  of  the  foot 
till  the  early  part  of  the  seventh  week.  The  nails  appear  at  the  third  month,  and 
reach  the  ends  of  the  digits  at  the  sixth  month. 

In  the  primary  position  of  the  limbs  the  elbow  and  the  knee  appear  alike  to  be 
directed  outwards,  but  this  is  soon  altered.  At  the  end  of  the  sixth  week  each 
limb  undergoes  a  partial  rotation,  the  direction  of  which  is  different  in  the  fore  and 
hind  limbs  respectively.  In  the  former  the  elbow  is  turned  backwards,  the  ventral 
surface  therefore  becomes  anterior,  and  the  preaxial  (thumb)  margin  is  directed 
outwards ;  in  the  hind-limb  the  knee  is  turned  forwards  and  the  ventral  surface  of 
the  limb  becomes  posterior,  whilst  the  preaxial  (great  toe)  margin  is  directed 
inwards ;  thus  in  the  adult  the  anterior  surface  and  outer  border  of  the  upper 
extremity  correspond  with  the  posj^erior  surface  and  inner  border  of  the  lower 
extremity,  whilst  obviously  the  posterior  surface  and  inner  border  of  the  former 
are  homologous  with  the  anterior  surface  and  outer  border  of  the  latter. 

Each  limb-bud  may  be  regarded  as  an  extension  from  a  definite  number  of  the 
segments  of  the  body ;  it  contains  a  core  of  mesoderm,  and  the  anterior  or  ventral 
primary  divisions  of  the  corresponding  spinal  nerve  segments  are  apparently 
prolonged  into  it. 

The  central  part  of  the  mesoderm,  except  in  the  regions  of  the  joints  where 
cavities  appear,  is  condensed  and  then  converted  first  into  cartilage  and  afterwards 
into  bone.  The  proximal  part  of  the  bony  skeleton  of  each  limb,  the  limb  girdle, 
is  not  however  developed  in  the  limb-bud,  but  in  the  body  wall  at  its  base.  The 
more  superficially  situated  mesoderm  is  transformed  into  muscles  and  subcutaneous 
tissues,  the  extensor  muscles  appearing  on  the  dorsal  and  the  flexor  muscles  on  the 
ventral  aspect. 

As  the  nerve  trunks  pass  into  the  free  portion  of  the  limb  they  bifurcate,  the 
branches  passing  respectively  to  the  dorsal  or  extensor  aspect  of  the  limb,  and  to 
its  ventral  or  flexor  aspect. 

Apparently  in  mammals  the  whole  of  the  mesodermal  core  of  each  limb-bud  is 
formed  from  the  somatic  mesoderm  of  the  lateral  plates.  If  this  is  the  case  the 
muscles  of  the  limbs  differ  in  origin  from  those  of  the  back,  for  the  latter  are 
developed  from  the  muscle-plates  of  the  protovertebral  somites.  In  lower  verte- 
brates (cartilaginous  flshes)  buds  are  given  off  to  the  limbs  from  the  muscle-plates 
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and  cutaneous  lamellae  in  the  thoracic  and  pelvic  regions,  and  as  the  muscle-plates 
pass  downwards  in  the  somatopleure  towarcls  the  ventral  aspect  of  the  body,  these 
buds  grow  outwards  into  the  limb-rudiments  and  develop  into  the  muscles  of  the 
limbs.  Presumably  this  is  the  more  primitive  arrangement,  and  that  met  with  in 
man  and  other  mammals  is  secondary,  and  it  is  stated  that  although  no  distinct 
buds  from  the  muscle-plates  pass  finto  the  limbs  of  mammals  nevertheless  the 
limb-muscles  are  formed  by  cells,  proliferated  from  the  muscle-plates,  which  have 
migrated  into  the  somatopleural  mesoderm  of  the  limbs. 


THE  NUTRITION  AND  PROTECTION  OF  THE  EMBRYO 
DURING  ITS  INTRAUTERINE  EXISTENCE. 

The  impregnated  ovum  during  its  passage  down  the  Fallopian  tube,  and  for  a 
brief  period  also  after  it  enters  the  uterus,  lives  either  on  the  yolk  granules  (deuto- 
plasm)  embedded  in  its  own  cytoplasm  or  upon  material  absorbed  from  the  fluids 
by  which  it  is  surrounded.  The  human  ovum  is  very  small,  and  consequently  it  is 
almost  from  the  first  dependent  for  its  nutrition  upon  soiirces  of  supply  outside 
itself.  The  urgent  necessity  for  adequate  arrangements  whereby  this  may  be 
effected  leads  to  that  early  establishment  of  an  intimate  vascular  connexion 
between  the  embryo  and  the  mother  which  is  so  characteristic  a  feature  in  the 
development  of  the  human  ovum.  At  the  end  of  the  second  week,  after  fertilisa- 
tion of  the  ovum,  the  embryo  is  separated  by  a  slight  constriction  from  the  rest  of 
the  blastodermic  vesicle,  and  already  a  primitive  heart  and  rudimentary  blood- 
vessels are  distinguishable. 

The  development  of  the  vascular  system,  and  the  establishment  of  the  foetal 
circulation,  however,  cannot  well  be  understood  until  the  formation  and  structural 
features  of  the  group  of  closely  associated  extra-embryonic  organs  or  appendages 
have  been  considered. 

This  group  includes  the  yolk-sac,  the  chorion,  the  amnion,  the  allantois,  and 
he  placenta. 

THE  FCETAL  MEMBRANES  AND  APPENDAGES. 

The  Yolk-Sac  or  Umbilical  Vesicle. — That  portion  of  the  blastodermic  cavity 
and  its  wall  which  is  not  included  in  the  body  of  the  embryo  to  form  the  primitive 
alimentary  canal  constitutes  the  umbilical  vesicle  or  yolk-sac.  Its  walls,  like  its 
cavity,  are  continuous  with  the  corresponding  parts  of  the  intestine,  and  their 
structural  features  are  identical,  there  being  an  inner  layer  of  entodermal  cells  and 
an  outer  layer  which  is  formed  by  the  splanchnic  layer  of  the  mesoderm. 

In  the  human  embryo  the  yolk-sac  is  a  small  flask-like  body,  suspended  from 
the  ventral  wall  of  the  alimentary  canal  by  a  hollow  stalk,  the  vitello-intestinal 
duct,  which  passes  through  the  umbilical  orifice.  It  lies  in  the  extra-embryonic 
continuation  of  the  body-cavity  (coelom),  and  is  filled  with  fluid.  Possibly  the 
contents  of  the  yolk-sac  are  utilised  in  the  nutrition  of  the  embryo  in  its  earliest 
stages,  and  the  first  rudiments  of  the  blood-vascular  system,  viz.  blood  corpuscles 
and  vessels,  appear  in  its  walls.  In  the  human  embryo,  however,  it  is  of  little 
nutritional  importance ;  it  soon  atrophies  and  almost  entirely  disappears,  but  leaves 
traces  of  its  existence  in  the  umbilical  cord. 

The  Amnion. — The  amnion  is  a  piotective  sac  which  surrounds  the  embryo. 
It  is  formed,  after  the  development  of  the  coelom,  from  the  amniotic  area  of  the 
blastoderm,  and  its  wall  is  continuous,  at  the  margins  of  the  umbilical  orifice,  with 
the  body-wall  of  the  embryo.  Both  walls  consist  of  a  layer  of  ectoderm  and  a 
layer  of  somatic  mesoderm,  lint  whilst  in  the  body- wall  the  ectoderm  is  external 
and  the  mesoderm  internal,  the  relative  positions  of  the  layers  are  reversed  in  the 
amnion,  the  mesoderm  being  external  and  the  ectoderm  internal. 

Tlie  cavity  enclosed  Ijetween  the  amnion  and  the  embryo,  the  amniotic  cavity, 
is  filled  with  fluid,  the  amniotic  fluid,  in  which  the  embryo  floats.  The  amniotic 
cavity  is  quite  shut  off  for  some  time  from  all  the  neighbouring  spaces,  but  after 
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the  disappearance  of  the  buceo-pharyngeal  and  cloacal  membranes  it  communicates, 
both  anteriorly  and  posteriorly,  with  the  alimentary  canal  of  the  embryo. 

The  development  of  the  amnion  in  higher  mammals  is  closely  associated  with 
the  attachment  of  the  ovum  to  the  uterine  wall  and  with  the  subsequent  formation 
of  the  placenta. 

Before  the  ccelom  is  formed,  the  ectoderm  in  the  chorionic  area  becomes  attached 
to  the  uterine  tissues  by  small  villous  outgrowths  which  invade  the  uterine  mucous 
membrane.    This  attach- 
ment is  most  complete  in  ^ 
the  placental  region,  that 
is,  around  the  margins  of 
the   amniotic   area.     As  ul 
the  embryo  is  folded  off' 
from  the  blastoderm  and 
the  coelom  develops,  both 
the  embryo  and  the  am- 
niotic area  remain  quite 
free    from    the  uterine 
tissues,  indeed,  it  may  be 
said  that,  at  this  period, 
the  embryo  is  suspended 
from  the  margins  of  the 
placental    area    by  the 
amniotic  membrane. 

As  development  pro- 
ceeds the  amniotic  area 
increases  in  extent  by 
interstitial  growth,  and 
thereupoir  the  embryo,  the 
membrane  which  suspends 
it  being  relaxed,  sinks  ul 
more  and  more  into  the 
interior  of  the  ovum,  or, 
to  be  more  precise,  into 
the  coelomic  space,  which, 
in  the  meantime,  has  con- 
siderably increased.  At 
the  same  time  the  growth 
of  the  placental  area  causes 
all  parts    of    its  inner 

margin   to   converge,   and  Showiug  the  formation  and  closure  of  the  amnion  folds,  the  completion  of 

as  the  inner  margins  of         "  "  " 

the  placental  area  are  con-  . 
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margins  of  the  amniotic  c.  Coelom. 
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gradually  carried  over  the 
dorsal  surface  of  the  em- 
bryo till  its  margins  meet  and  fuse.    After  the  fusion  of  its  margins  the  amnion 
separates  entirely  from  the  chorionic  area,  henceforth  known  as  the  chorion,  and 
forms  a  closed  sac  which  completely  surrounds  the  embryo. 

On  reference  to  Figs.  19  and  25  it  will  be  seen  that  as  the  wall  of  the  blasto- 
dermic vesicle  is  carried  inwards  over  the  dorsal  surface  of  the  embryo  it  is  folded ; 
the  outer  part  of  the  fold  consists  of  the  chorionic  portion,  and  the  inner  part  of  the 
amniotic  portion  of  the  blastoderm.  The  fold  is  called  the  amnion  fold  ;  it  is  quite 
continuous  round  the  whole  margin  of  the  embryo,  but  some  parts  of  it  are  more 
advanced  than  others,  or  in  other  words  the  convergence  of  the  inner  margin 
of  the  placental  area  of  the  blastoderm  over  the  dorsal  surface  of  the  embryo  does 
not  take  place  at  the  same  rate  or  to  the  same  extent  in  all  parts.    For  convenience 
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the  amnion,  and  the  coincident  ingrowth  of  the  inner  margins  of  the 
placental  area  of  the  blastoderm. 
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of  description  it  is  usual  to  divide  the  amnion  fold  into  four  parts,  the  cephalic,  the 
caudal,  and  the  two  lateral  amnion  folds ;  these,  however,  are  all  continuous  with 
one  another. 

The  inner  part  of  the  fold,  which  is  formed  from  the  amniotic  area,  is  termed 
the  true  amnion,  and  tlie  outer  part,  formed  from  the  cliorionic  area,  the  false 
amnion.  The  latter  term  is,  however,  synonymous  with  chorion,  and  as  it  is  mis- 
leading, it  should  be  avoided. 

As  the  amnion  is  formed  from  the  amniotic  area  of  the  blastoderm  after  the 
extension  of  the  coelom,  it  must  consist,  as  previously  mentioned,  of  ectoderm  and 
somatic  mesoderm,  and  as  the  surface  of  the  amniotic  area  is  reversed  during  the 
formation  of  the  amnion  folds,  it  is  obvious  that  in  the  fully-formed  anniion  the 
ectodeimal  layer  is  internal  and  the  somatic  mesoderm  external. 

After  the  amnion  is  completed  its  cavity  is  distended  with  Huid.  As  it  expands 
it  gradually  obliterates  the  extra-embryonic  part  of  the  cffilomic  cavity,  and  finally 
its  outer  surface,  of  somatic  mesoderm,  comes  into  contact  and  fuses  with  the  somatic 
mesoderm  on  the  inner  surface  of  the  chorion.  At  this  period  the  cavities  in  the 
ovum  are  the  amniotic  cavity,  the  remains  of  the  yolk-sac,  and  those  portions  of  the 
original  blastodermic  and  ccclomic  spaces  which  have  been  included  in  the  embryo. 

In  the  human  ovum,  when  the  amnion  folds  luiite  and  the  true  amnion  separates 
from  the  chorion,  the  embryo  and  its  enclosing  amnion  would  be  free  within  the 
cavity  of  the  chorion,  or  extra-embryonic  ccx3lom,  were  it  not  that  a  very  short  cord 
of  somatic  mesoderm  and  ectoderm,  the  body-stalk,  connects  the  posterior  end  of  the 
embryo  with  the  somatic  mesoderm  on  the  inner  surface  of  the  chorion. 

The  Body-Stalk. — To  thoroughly  imderstand  how  this  union  is  effected  in  the 
human  ovum,  and  to  comprehend  the  nature  of  the  body-stalk,  it  is  necessary  to 
refer  to  some  striking  peculiarities  which  are  to  be  observed  in  the  earlier  stages 
in  the  development  of  the  human  embryo.  AVhen  segmentation  is  completed,  and 
the  morula  is  converted  into  a  blastula  by  the  appearance  of  a  cavity  in  its  interior, 
the  human  ovum  consists  of  an  outer  layer,  the  ectoderm,  and  an  inner  cell  mass 
(Figs.  10  and  37).  The  latter,  liowever,  which  is  attached  to  a  small  area  of  the 
ectoderm,  does  not,  as  in  many  mammals,  extend  itself  by  migration  round  the  inner 
surface  of  that  layer,  and  so  transform  the  unilaminar  into  a  bilaminar  blastoderm  and 
convert  the  cavity  of  the  blastula  into  the  blastodermic  cavity.  The  sequence  of 
events  is  different :  a  cavity  or  space  appears  in  the  inner  cell  mass  itself  (Figs. 
38,  39,  and  41),  and  this  expanding  rapidly,  is  ultimately  converted  into  the  yolk-sac 
and  the  alimentary  canal  of  the  embryo ;  it  corresponds,  therefore,  with  the  blasto- 
dermic cavity  of  other  mammals. 

Thus  the  entoderm,  though  derived  fi'om  the  inner  cell-mass,  never  lines  the 
inner  surface  of  the  ectoderm  except  in  the  embryonic  area,  for  soon  after  the 
apx^earance  of  the  cavity  of  the  inner  cell-mass  the  mesoderm  grows  rapidly  from 
the  primitive  streak  and  extends,  not  in  a  single  layer,  as  in  the  majority  of 
mammals,  but  as  two  layers,  one  over  the  outer  surface  of  the  entoderm,  the 
splanchnic  layer,  and  the  other,  the  somatic  layer,  over  the  inner  surface  of  the 
ectoderm.  The  cavity  of  the  blastula  is  thus  idtimately  enclosed  between  the 
somatic  and  splanchnic  layers  of  the  mesoderm,  and  so  becomes  converted  into  the 
coelomic  space  (Fig.  39). 

As  tlie  mesoderm  extends,  the  several  areas  of  the  blastoderm  are  differentiated 
as  in  other  mammals,  but  the  embryonic  and  anmiotic  areas  remain  of  i^elatively 
small  size.  The  separation  of  the  amnion  from  the  chorion  is  effected  at  a  very 
early  period,  before  the  folding  off  of  tlie  embryo  has  connnenced,  but  the  somatic 
mesoderm  growing  from  the  posterior  end  of  the  embryonic  area  still  retains  its 
connexion  with  the  similar  layer  on  the  inner  surface  of  the  chorion,  and  it  forms 
a  sliort,  and  for  a  time  a  broad  stalk  wlucli  unites  the  embryo,  and  conse(iuently 
the  amnion  and  the  blastodermic  cavity,  with  whicli  the  embryo  is  coiniected,  to  tlie 
chorion  (Fig.  39).  In  addition  to  forming  a  bond  of  union  between  the  embryo 
and  the  chorion  the  mesodermal  stalk  conducts  blood-vessels  from  the  embryo  to 
the  chorion,  and  more  especially  to  its  placental  part. 

At  an  early  period  a  pouch-like  diverticulum  projects  from  the  posterior  part 
of  the  entodermal  sac.     This  is  the  allantoic  diverticulum;  it  lies  beneath  the 
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posterior  part  of  the  embryonic  area,  and  the  area  is  curved  upon  itself  so  that  its 
convexity  looks  towards  the  entodermal  sac,  and  its  concavity  towards  the  amnion. 

After  the  embryonic  area  has  increased  in  extent,  and  when  the  folding  off  of 
the  embryo  has  commenced,  the  anterior  end  of  the  area  and  the  posterior  end  of 
the  primitive  streak  remain  relatively  stationary  as  in  other  mammals,  the  cephalic 
and  caudal  folds  appear,  and  the  curvature  of  the  greater  part  of  the  area  is 
reversed,  but  the  most  posterior  part  retains  its  original  position,  lying  for  a  time 
parallel  with  the  caudal  fold ;  afterwards,  however,  it  assumes  a  more  horizontal 
position.  This  posterior  section  of  the  embryonic  area  contains  the  diverticular 
process  of  the  entodermal  sac  which  is  called  the  allantois ;  it  also  contaiirs  the 
blood-vessels,  allantoic  arteries  and  veins,  which  pass  between  the  embryo  and  the 
placenta.  It  is  in  relation  at  first  with  the  amnion,  it  appears  to  be  entirely 
behind  the  embryo,  and  it  is  called  the  "  body- stalk."  At  a  later  period, 
when  the  stalk  of  mesoderm — the  allantoic  stalk — which  connects  it  v^ith  the 
inner  surface  of  the  chorion  is  elongated,  this  part  of  the  embryonic  area  is 
reversed  in  position,  its  anterior  end  is  carried  forwards  till  it  forms  the  posterior 
boundary  of  the  umbilical  oiifice,  and  it  forms  the  ventral  wall  of  the  body  from 
the  umbilical  to  tlie  genital  region. 

The  Allantois. — The  allantois  plays  an  important  part  in  the  formation  of  the 
placenta.  It  consists  of  two  portions,  an  entodermic  diverticulum  from  the  ventral 
wall  of  the  cloacal  part  of  the  hind-gut,  and  a  mesodermal  covering.  The  ento- 
dermic diverticulum  appears  in  the  human  subject,  before  the  hind-gut  is  defined, 
as  a  hollow  blind  protrusion  from  the  blastodermic  cavity ;  it  extends  behind  the 
primitive  streak  into  the  mesoderm  of  the  body-stalk,  but  as  the  folding  oft'  of  the 
embryo  proceeds  and  the  body-stalk  is  carried  forward  into  the  ventral  wall  of  the 
embryo,  the  position  of  the  diverticulum  is  altered,  and  ultimately,  when  the 
folding  oft'  is  completed,  it  springs  from  the  ventral  part  of  the  cloaca,  runs  forward 
to  the  umbilical  orifice  and  passing  through  it,  projects  for  a  short  distance  still 
invested  with  the  mesodermal  covering  primarily  obtained  from  the  body-stalk. 
The  ventral  part  of  the  cloaca  is  afterwards  converted  into  the  bladder,  while  the 
rectum  is  formed  from  the  dorsal  part. 

The  mesodermal  sheath  which  surrounds  the  entodermic  diverticulum  extends 
beyond  it  to  the  inner  surface  of  the  chorion ;  the  part  which  extends  beyond  the 
diverticulum  is  at  first  extremely  short,  indeed  it  is  only  recognisable  as  a  layer  of 
mesoderm  uniting  the  body-stalk  and  chorion,  but  as  development  proceeds  and 
the  body-stalk  is  absorbed  into  the  embryo  it  is  elongated,  and  it  forms  the 
allantoic  stalk  by  which  the  embryo  retains  its  connexion  with  the  chorion,  and 
along  which  pass  the  allantoic  or  umbilical  arteries  to,  and  the  corresponding  veins 
from,  the  chorionic  villi. 

After  the  separation  of  the  cloaca  into  bladder  and  rectum,  that  portion  of  the 
allantois  which  lies  in  the  body  of  the  embryo,  between  the  apex  of  the  bladder 
and  the  umbilical  orifice,  is  gradually  converted  into  a  fibrous  cord,  the  urachus. 
The  entodermal  diverticulum  disappears,  and  after  birth,  when  the  placental  circu- 
lation ceases,  the  umbilical  arteries  are  transformed  into  fine  fibrous  strands.  The 
remainder  of  the  allantois  which  lies  outside  the  body  of  the  embryo,  and  which 
takes  part  in  the  formation  of  the  umbilical  cord  and  placenta,  is  separated  from 
the  embryo  at  birth. 

The  'Umbilical  Cord. — The  umbilical  cord  is  essentially  a  mesodermal  structure 
which  connects  the  embryo  with  the  placenta,  serving  as  a  passage  for  the  allantoic 
vessels  to  and  from  the  foetal  portion  of  the  latter  organ.  It  replaces  the  body- 
stalk  and  the  allantoic  stalk,  which  were  earlier  provisions  for  the  same  purpose, 
and  it  is  formed  by  the  fusion  of  the  allantoic  stalk  with  part  of  the  vitello- 
intestinal  duct  and  the  remains  of  the  yolk-sac. 

The  vitello-intestinal  duct  is  at  first  a  relatively  wide  channel  which  connects 
the  primitive  gut  with  the  yolk-sac ;  and  it  passes  through  the  umbilical  orifice. 
In  later  stages,  as  the  body-stalk  is  swung  round  into  the  ventral  wall  of  the  body, 
the  allantoic  stalk,  which  projects  from  the  end  of  the  body-stalk,  is  brought  into 
close  relation  with  the  distal  end  of  the  vitello-intestinal  duct  and  the  remains  of 
the  yolk-sac;  the  mesodermal  constitiients  of  the  three  structures  then  fuse 
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together,  and  the  whole  is  surrounded  by  the  expanding  amnion.  In  this  way  the 
umbilical  cord  is  formed.  It  includes  therefore  the  allantoic  stalk  and  its  l)lood- 
vessels,  togetlier  with  the  remains  of  the  yolk-sac  and  its  stalk,  the  ^'itello-intestinal 
duct,  all  of  which  are  invested  and  bound  toge{;]ier  by  the  amnion. 

The  mesodermal  core  of  the  cord  forms  a  fibro-mucoid  tissue  known  as 
"  Wharton's  jelly,"  which  consists  of  stellate  and  irregular  cells  embedded  in  a 
gelatinous  matrix.  The  blood-\'essels  of  the  cord  are  situated  in  the  core,  and 
include  two  allantoic  or  uml)ilical  arteries  wliich  run  spirally  round  a  single 
umbilical  vein.  The  terminal  portion  of  the  allantoic  diverticulum  projects  into 
the  embryonic  end  of  the  cord,  and  at  first  a  loop  of  intestine  protrudes  into  it  for 
a  short  distance ;  the  gut,  however,  soon  recedes  into  the  abdominal  cavity. 

The  unil)ilical  cord,  which  extends  from  the  umbilical  orifice  to  the  centre  of  the 
placenta,  is  at  first  short  and  straight.  As  the  amnion  expands  the  length  of  the 
umbilical  cord  increases  until,  at  the  time  of  birth  it  measures,  on  an  average, 
about  20  inches.  This  increase  in  the  length  of  the  cord  allows  the  foetus  to  float 
freely  in  the  amniotic  fluid,  and  prevents  traction  on  the  placenta. 

After  the  middle  of  the  second  month  the  umbilical  cord  is  twisted  spirally, 
usually  from  riglit  to  left.  It  is  suggested  that  tliis  is  due  either  to  the  great 
elongation  of  the  allantoic  arteries  or  to  muscular  movements  of  the  foetus,  and  it 
involves  a  rotation  of  the  foetus  in  tlie  anniiotic  fluid. 

The  Chorion. — Tlie  chorionic  area,  by  far  the  largest  of  the  areas  into  which 
the  blastoderm  is  divisible,  lies  external  to  the  amniotic  area.  In  most  mammals 
it  consists  at  first  of  ectoderm  and  entoderm,  but  after  the  extension  and  cleavage 
of  the  mesoderm  has  taken  place,  it  is  formed  hy  ectoderm  and  somatic  mesoderm. 
In  man,  however,  it  consists  in  the  earliest  stages  of  ectoderm  alone,  Init  on  the 
formation  and  extension  of  the  mesoderm  it  also  accpiires  an  inner  layer  of  somatic 
mesoderm.    In  all  cases,  therefore,  it  eventually  consists  of  the  same  two  layers. 

The  ectoderm  of  the  chorionic  area  which  immediately  surrounds  the  amniotic 
area  thickens  to  foi'm  the  annular  placental  area,  and  in  this  way  the  chorionic  area 
liecomes  divisible  into  placental  and  non-placental  regions. 

When  the  blastodermic  vesicle  enters  the  uterus  numerous  ectodermal  \  illous 
processes  grow  from  the  surface  of  the  chorionic  area,  both  in  its  placental  and  non- 
placental  parts,  and  attach  themselves  to  the  uterine  mucous  membrane.  As 
already  pointed  out  in  the  description  of  the  formation  of  the  amnion,  the  embryonic 
and  amniotic  areas  do  not  become  attached  to  the  uterus,  but  remain  free  from  it, 
whilst  by  the  approximation  and  fusion  of  its  inner  margins,  the  rapidly  growing 
ring-like  placental  area  is  converted  into  a  disc  which  intervenes  between  tin' 
amnion  and  the  uterine  wall. 

The  chorionic  area  after  the  separation  of  tlie  anmion  is  known  as  the  chorion 
or  chorionic  membrane. 

The  chorion  forms  the  outer  wall  of  a  \  esicle,  the  choricinic  vesicle,  wliich  is  the 
modified  remains  of  the  blastodermic  vesicle  and  which  contains  the  embryo,  the 
yolk-sac,  the  anmion,  and  the  allantois.  It  consists  of  an  outer  layer  of  ectoderm 
and  an  inner  layer  of  somatic  mesoderm. 

The  cavity  of  the  chorion  is  the  extra-embryonic  portion  of  the  cu}lom.  For  a 
time  it  remains  distinct,  and  is  traversed  by  the  allantoic  stalk  wliich  unites  the 
embryo  to  the  inner  or  mesodermal  layer  of  the  placental  area.  The  ca\  ity  is 
ultimately  obliterated  by  the  gi'owth  of  the  amnion,  the  latter  sac  expanding 
rapidh'  till  its  outer  surface  is  in  contact  and'  intimately  l)lended  with  the  inner 
surface  of  the  chorion. 

The  Chorionic  Villi. — Tlie  villous  processes  which  begin  to  grow  from  the 
surface  of  the  cliorionic  area  before  it  is  separated  from  the  amnion  continue  to 
develop  after  the  separation  of  the  two  meml)ranes  is  completed.  They  penetrate 
the  surrounding  uterine  tissues.  At  first  eacli  consists  of  ectoderm  only,  but  a 
core  of  vascular  mesoderm  is  soon  acquired.  The  \'illi  increase  in  size  and  in  com- 
plexity also,  but  ultimately  only  those  in  the  placental  area  persist  and  continue 
to  grow  ;  the  remainder  atrophy  and  disappear. 

Thus  the  ])lacental  region  of  the  chorion  eventually  constitutes  the  main  Ijond  of 
union  between  the  ovum  and  the  mother,  and  it  forms  the  foetal  ])art  of  the  placenta. 
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The  placenta  i.s  the  organ  of  foetal  nutrition  and  respiration. 
In  it  the  blood-vessels  of  the  foetus  and  those  of  the  uterus  are  brought  into 
such  close  relationship  with  one  another  that  free  interchanges  readily  take  place 
between  the  blood  of  the 
mother  and  that  of  the 
foetus.  In  the  simplest 
form  of  a  placenta  tlie 
foetal  villi  are  merely  em- 
bedded in  the  maternal 
mucous  membrane,  and 
the  relationship  between 
foetal  and  maternal  blood 
is  not  very  close.  In  other 
forms,  e.g.  the  human 
placenta,  the  relation  of 
foetal  to  maternal  blood 
is  much  more  intimate ; 
this  involves  marked  modi- 
fications in  the  elements 
of  the  placenta,  and  its 
structure  becomes  corre- 
spondingly more  complex. 
In  all  forms,  howeTer,  the 
placenta  consists  of  fcetal 
and  maternal  portions. 

Before  the  impregnated 
ovum  reaches  the  uterine 
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Fig.  37. — Diagram,  showint 
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Tlie  ectoileiiii  is  distinct  from  tlie  inner  cell  mass,  but  as  yet  there  i.s  no 
entodermal  cavity  in  the  latter. 

cavity  the  mucous  meml>rane  of  tlie  uterus  undergoes 
certain  changes  in  preparation  for  its  reception  and  retention,  and  the  modified 

nuicous  membrane  is 
known  as  the  uterine 
decidua.  These  changes 
are,  for  the  most  j)art, 
hypertrophic ;  the  vas- 
Placental  villus  cularity  of  the  mucous 


membrane  is  increased 
mainly  by  the  dilatation 
of  its  veins  and  capillaries, 
the  tubular  uterine  glands 
become  elongated,  ir- 
regular, and  tortuous,  and 
they  dilate  both  at  their 
orifices  and  in  the  deeper 
part  of  the  mucous  mem- 
brane ;  at  the  same  time 
the  interglandular  con- 
nective tissue  proliferates, 
and  as  a  result  the  decidua 
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Fig.  38. — Diagram,  showing  a  further  stage  of  development  of  the  human 
ovum  and  its  relation  to  the  decidual  tissues.  The  entodermal  cavity 
or  yolk-sac  has  appeared  in  the  inner  cell  mass,  and  the  mesoderm 
has  commenced  to  extend  from  the  primitive  streak  in  two  layers, 
splanchnic  on  the  yolk-sac  and  somatic  on  the  ectoderm. 


is  thicker, softer,  and  more 
spongy  than  the  unaltered 
mucous  membrane. 

When  the  developing 
ovum  enters  the  uterus 
it  merely  rests,  at  first,  on  the  surface  of  the  decidua,  but  by  the  growth 
of  a  circular  fold  of  the  decidua  it  becomes  gradually  covered,  and  on  the  fusion 
of  the  margins  of  the  fold  it  is  entirely  enveloped.  As  soon  as  the  circular  fold 
which  surrounds  the  ovum  arises  it  is  possible  to  distinguish  three  decidual  areas : 
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the  fold  itself  is  the  decidua  capsularis  or  reflexa ;  the  part  on  which  the  ovum 
rests  is  the  decidua  basalis  or  serotina,  and  tlie  rest  is  known  as  the  decidua  vera. 
The  decidua  basalis  lies  in  contact  with  the  placental  area  of  the  chorion,  i.e.  the 

foetal   part  of  the 
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-Diagram,  showing 


comjiletion 

enlargement  ol'  the  maternal  blood-vessel 

the  decidua  basalis,  the  increase  of  tlie  placental  villi,  the  formation 
the  amnion  folds,  and  the  appearance  of  the  allantoic  diverticulum. 


of  the  decidua  capsularis,  the 
in  the  stratum  compactum  of 
of 


placenta,  and  it  forms 
the  maternal  part  of 
this  organ.  In  the 
fully  developed  human 
placenta,  the  foetal  and 
maternal  tissues  of 
which  it  is  formed  are 
so  intimately  mingled 
and  blended  together 
that  it  is  impossible 
to  say  where  one  ends 
and  the  other  begins. 
By  a  careful  study, 
however,  of  a  series  of 
placentfe  of  different 
ages  a  fairly  clear  and 
satisfactory  idea  of  the 
part  played  by  the 
maternal  and  foetal 
elements  respectively, 
as  well  as  of  their 
relations  to  each  other, 
may  be  obtained.  The 
imderstood  if  the  two 
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Structural  characters  of  the  completed  organ  will  be  best 
constituent  parts  are  considered  separately. 

The  Foetal  Part  of  the  Placenta. — The  villi  of  the  placental  portion  of  the 
chorion  invade  and 
penetrate  the  decidua 
basalis,  whilst  the  villi 
of  the  non  -  placental 
chorionic  area  enter 
the  decidua  capsi;- 
lavis. 

As  previously  ex- 
plained, in  connexion 
with  the  formation 
both  of  the  amnion  and 
of  the  chorion,  the  an- 
nular placental  area 
is  converted  into  a 
circular  disc.  It  con- 
sists, like  the  rest  of 
the  chorion,  of  ecto- 
derm and  mesoderm, 
and  it  contains  rami- 
fications of  the  allan- 
toic vessels;  but  the 
ectoderm  is  thickened 
and  increased,  its  villi 
are  larger  than  those 
of  the  non-})lacental 
region  of  the  chorion,  and  it  is  directly  connected  witli  tlie  allantoic  stalk. 

The  early  villi  are  merely  ectodermal  buds.  They  impinge  against  the  surface 
epithelium  of  the  decidua,  which  disappears  before  tliem.  They  then  penetrate  the 
sub-epithelial  tissues,  destroying  and  replacing  the  uterine  elements.    Each  villus  is 
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Fig.  40. — Diagram,  showing  enlargement  of  the  blood  sinuses  in  the  maternal 
part  of  the  ))lacenta  and  the  closure  of  the  amnion. 


THE  PLACENTA. 


53 


at  an  early  period  penetrated  by  an  outgrowth  of  the  subjacent  mesoderm  carrying 
branches  of  the  allantoic  vessels,  and  so  it  becomes  vascular.  For  some  tune  all 
the  villi,  placental  and  non-placental,  grow  and  absorb  nutriment  from  the  maternal 
tissues,  probably  utihsing  as  food  the  tissues  which  they  destroy  and  replace ;  but 
when  the  decidua  capsularis  is  thinned  by  the  expansion  of  the  growing  ovum,  the 
villi  of  the  non-placental  region  which  have  penetrated  it  are  no  longer  able  to 
obtain  nutrient  matter,  and  they  consequently  atrophy  and  disappear.  The 
placental  villi,  on  the  contrary,  continue  to  increase ;  they  grow  in  size  and  become 
more  complex,  and,  anastomosing  together,  enclose  the  dilated  maternal  blood-vessels. 
The  walls  of  the 
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latter  disappear, 
and  secondary 
branches  growing 
from  the  foetal  villi 
project  into  the 
enclosed  spaces 
and  float  in  mater- 
nal blood.  When 
the  formation  of 
the  placenta  is 
completed,  its  foetal 
part  consists  of 
villi,  each  of  which 
possesses  an  ex- 
ternal covering  of 
two  layers  of  ecto- 
dermal cells  and  a 
vascular  meso- 
dermal core ;  the 
villus  projects  into 
the  interior  of  a 
large  blood  space, 
which  is  sur- 
rounded, more  or 
less  completely,  by 
foetal  ectoderm, 

and  it  is  bathed  by  maternal  blood  from  which  it  obtains  the  materials  necessary 
for  the  nutrition  and  growth  of  the  embryo,  and  into  which  it  transmits  effete 
excretory  matter  from  the  embryo. 

The  Maternal  Part  of  the  Placenta  and  the  Changes  in  the  Decidua.^ — 

The  occurrence  of  further  changes  in  the  decidua,  after  the  developing  ovum  enters 
the  uterus,  is  dependent  upon  the  retention  of  the  ovum  in  the  uterine  cavity. 
These  changes,  therefore,  only  occur  in  what  may  be  appropriately  termed  the 
decidua  of  pregnancy.  They  are  intimately  associated  with  and  essential  to  the 
development  of  the  maternal  part  of  the  placenta,  and  a  more  detailed  and  complete 
account  of  the  decidua  and  of  the  modifications  of  its  different  parts  is  therefore 
necessary. 

The  decidua  is  formed  by  the  mucous  membrane  of  the  uterus,  a  hollow,  thick- 
walled,  muscular  organ,  situated  in  the  cavity  of  the  pelvis.  The  mucous  membrane 
contains  mimerous  tubiilar  glands  eml^edded  in  an  interglandular  tissue  formed  of 
round  and  iri'egular  cells.  The  uterine  glands  are  lined  by  cubical  or  columnar 
epithelium,  and  they  open  in  the  cavity  of  the  uterus  on  a  surface  which  is  also 
covered  by  columnar  cells.  The  whole  of  the  mucous  membrane  is  plentifully 
supplied  with  blood-vessels  which  pass  into  it  from  the  surrounding  muscular  walls, 
and  it  is  transformed  into  the  decidua  by  proliferation  and  hypertrophy  of  all  its 
parts.  The  interglandular  tissue  increases  in  amount  and  its  blood-vessels  dilate, 
especially  near  the  surface  of  the  membrane ;  but  the  most  striking  of  the  early 
changes  occur  in  the  glands — they  become  longer,  more  tortuous,  their  apertures 
enlarge  and  assume  a  funnel-like  appearance,  and  they  dilate  a  short  distance  from 


J'lG.  41. — Diagram,  showing  the  fcetal  ectoderm  surrounding  the  maternal  blood 
sinuses,  the  commencement  of  secondary  foetal  villi  which  project  into  the 
sinitses,  and  the  disappearance  of  the  superficial  portions  of  the  glands. 
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their  terminations  into  large  irregular  spaces  (Fig.  37).  The  increase  of  the 
interglandular  tissne  is  most  marked  in  the  intervals  between  the  dilated  portions 
of  the  glands  and  their  apertures,  and  when  all  the  changes  are  fully  established  it 


and  therefore  it  contains  none  of  the  deep  "  unclianged  layer "  of  the  deeidua. 
Its  central  portion  is  formed  by  the  stratum  spongiosum  folded  upon  itself,  and 
its  surfaces,  external  and  internal,  by  the  stratum  eompactum  ;  glands  open  upon 
each  surface. 

The  changes  which  occur  in  tlie  deeidua  capsularis  are  due,  first,  to  its  connexion 
with  and  invasion  by  the  chorionic  villi ;  and,  secondly,  to  the  pressure  exerted  upon 
it  by  the  enlarging  ovum.  The  former  intluenee  is  brought  to  bear  whilst  the 
deeidua  is  still  increasing ;  the  latter,  after  it  has  reached  its  full  development.  The 
changes  which  result  from  its  union  with  the  chorion  are  the  destruction  and 
disappearance  of  the  epithelium  on  its  inner  surface  and  the  destruction  and 
absorption  of  some  of  the  interglandular  lissl^e ;  they  are  due  to  the  activity  of  the 
chorionic  ectoderm  whicli  attacks  and  invades  the  uterine  tissues. 

The  changes  due  to  the  pressure  exerted  by  the  enlarging  ovum  are  diminution 
of  vascularity,  disappearance  of  the  lumina  of  the  non-dilated  portions  of  the 
glands,  removal  of  the  epithelium  from  the  spaces  of  the  spongy  layer,  compression 
of  the  spaces  into  slits,  wliich  ultimately  disappear,  and  the  coincident  atrophy  of 
the  fcctal  villi,  which  have  penetrated  this  portion  of  the  deeidua.  All  tliese 
changes  result  in  the  reduction  of  the  deeidua  capsularis  to  a  thin  membrane  in 
which  no  traces  of  the  original  structui'e  ai'e  recognisable,  in  the  fusion  of  the 
altered  deeidua  capsularis  wiUi  the  deeidua  vera,  and  in  tlie  consecjuent  obliteration 
of  the  uterine  cavity. 

After  the  fifth  niuutli  the  deeidua  vera  also  undergoes  atro])hic  changes,  but 
tliey  do  not  proceed  so  far  as  in  the  deeidua  capsidaris :  nevertheless  the  stratum 
eompactum  is  greatly  reduced,  the  superficial  epithelimn  and  the  superficial  parts 
of  the  glands  entirely  disappear  from  it,  the  intei'glan(bdar  tissue  becomes  less 


is  possible  to  re- 
cognise three  layers 
of  decidual  tissne 
— (1)  A  superficial, 
relatively  thick 
layer,  in  which 
the  interglandular 
tissue  preponder- 
ates, tlie  stratum 
eompactum ;  (2)  A 
layer  formed  prin- 
cipally by  the  dil- 
ated portions  of  the 
glands,  the  stratum 
spongiosum;  and 
(.■))  A  thin  deep 
portion  of  the 
membrane  which 
contains  the  lower 
extremities  of  the 
glands,  which  are 
practically  un- 
changed, tlie  un- 
ehanged  layer. 


Fig.  42. — DiACiRAM,  showing  lurthcr  growth  of  the  placental  sinuses  and  villi  ;  the 
fusion  of  the  ilecidiia  capsularis  with  the  deeidua  vera,  and  the  obliteration  of 
the  uterine  cavity. 


The  deeidua  eap- 
sularis  difiers  from 
the  other  portions 
of  the  deeidua  in 
that  it  is  only  a 
fold  of  the  two 
superficial  layers, 
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vascular,  and  it  diminishes  very  considerably  in  thickness.  The  epithelium  dis- 
appears from  the  spaces  in  the  spongy  layer,  and  the  spaces  themselves  are 
flattened  out  into  long  slit  -  like  clefts,  in  which  condition  they  remain  till 
the  period  of  pregnancy  is  completed.  The  decidua  vera  is  thus  reduced  to  the 
condition  of  a  relatively  thin  membrane,  and  its  inner  surface  is  fused  with 
the  remains  of  the  decidua  capsularis. 

The  Decidua  Basalis. — Apart  from  the  changes  due  to  the  invasion  of  the 
fretal  villi  the  most  important  transformations  in  this  part  of  the  decidua  occur  in 
the  stratum  compactum.  The  alterations  in  the  spongy  layer  are  similar  to  those 
which  occur  in  tlie  same  layer  of  the  decidua  vera,  viz.  the  lining  epithelium  dis- 
appears and  the  spaces  are  flattened  out  into  a  layer  of  cleft-like  slits. 

In  the  stratum  compactum,  however,  much  more  striking  changes  occur ;  the 
.superficial  epithehum  and  the  tubular  portions  of  the  glands  disappear,  but  the 
blood-vessels  become  greatly  dilated,  and,  consequently,  tlie  layer  increases  consider- 
ably in  thickness.  The  terminal  loops  of  the  small  blood-vessels  which  lie  in  the 
superficial  part  become  converted  into  enormous  blood-sinuses,  but  in  the  deeper 
part  of  the  stratum  a  thin  layer,  which  lies  next  the  stratum  spongiosum,  remains 
relatively  imchanged;  this  deeper  part  is  called  the  basal  layer,  and  through  it 
the  blood-vessels  pass  to  and  from  the  blood -sinuses  in  the  more  superficial 
portion  of  the  membrane.  When  it  is  completed,  therefore,  the  maternal  portion  of 
the  placenta,  whicli  is  the  transformed  decidua  basalis,  no  longer  consists  of  the 
stratum  compactum,  the  stratum  spongiosum,  and  the  unchanged  layer,  but  it  is 
formed  from  within  outwards  of — (1)  a  layer  of  blood-sinuses,  (2)  the  basal  layer,  (3) 
the  modified  spongy  layer,  and  (4)  the  unchanged  layer.  The  difference  between  the 
decidua  basalis  and  the  maternal  part  of  the  placenta  may  be  tabulated  as  follows  : — 


It  must  not  be  forgotten,  however,  that  whilst  the  changes  which  result  in  tlie 
formation  of  the  maternal  placenta  out  of  the  decidua  serotina  are  taking  place  the 
stratum  compactum  has  been  invaded  by  the  placental  villi. 

The  first  result  of  this  invasion  is  the  destruction  of  the  superficial  epithelium 
of  the  decidua,  whicli  entirely  disappears  wherever  the  ectoderm  of  the  foetal  villi 
comes  in  contact  with  it.  Afterwards  the  ectoderm  of  the  villi,  always  in  advance 
of  the  main  body,  reaches  and  surr(5unds  the  dilated  decidual  vessels,  destroys  the 
inter\-ening  tissues,  and  ultimately  replaces  the  endothelial  walls  of  the  vessels, 
which  by  this  time  have  dilated  into  enormous  spaces.  Into  these  spaces  the 
ramifications  of  the  villi  project,  and,  as  the  endothelial  walls  are  destroyed,  they 
lie  directly  within  the  cavities  of  the  spaces,  and  are  surrounded  on  all  sides  by 
maternal  blood.  The  most  peculiar  feature  of  this  part  of  the  placenta,  when 
fully  developed,  is  that  the  whole  of  the  maternal  portion  of  it,  except  the  blood, 
has  l)een  removed  and  replaced  by  fcetal  tissues,  so  that,  although  the  maternal 
blood  continues  to  circulate  in  the  same  spaces  which  it  has  occupied  from  the 
first,  viz.  the  blood-sinuses  in  the  superficial  part  of  the  stratum  compactum  of  the 
maternal  decidua,  yet  the  walls  of  these  spaces  have  been  replaced  more  or  less 
completely  by  foetal  ectoderm,  and,  consequently,  the  spaces  now  lie  in  the  midst  of 
tlie  foetal  tissues. 

The  invasion  of  the  maternal  l)y  the  ftetal  part  of  the  placenta  proceeds  as  far 
as  the  basal  layer,  and  in  this  region  the  fcetal  ectoderm  is  directly  continuous  with 
the  walls  of  the  maternal  blood-vessels  at  the  points  where  they  enter  the  sinuses. 

Although  the  invasion  of  the  decidua  basalis  is  so  complete,  some  portions  of 
the  maternal  tissues  persist ;  thus  the  basal  layer  and  many  strands  of  the  stratum 
compactum  escape  destruction.  The  latter  extend  from  the  basal  layer  to  the 
outer  surface  of  the  chorion,  and  they  are  eventually  converted  into  filirous  strands, 
which  divide  the  superficial  part  of  the  completed  placenta  into  lobular  areas. 

The  completed  placenta  consists  therefore  of  closely  intermingled  and  fused 
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foetal  and  maternal  tissues,  through  which  both  the  foetal  and  maternal  blood 
streams  circulate.  It  is  well  adapted  on  account  of  its  peculiarities  of  structure  to 
fulfil  the  nutriti\  e  and  respiratory  requirements  of  the  embryo.  The  foetal  blood- 
stream whicli 
flows  through  the 
placental  villi  and 
the  maternal 
blood -stream  in 
the  placental 
sinuses  are  only 
separated  from 
each  other  by  two 
layers  of  foetal 
ectodermal  epi- 
thelium and  a 
small  amount  of 
foetal  mesoderm, 
the  latter  being 
practically  re- 
duced to  tlie  single 
layer  of  endo- 
thelial cells  which 
form  the  walls  of 
the  foetal  vessels. 
Through  these 
layers,  by  osmosis, 
and  possibly  by  se- 
cretion, materials 
are  passed  both 
from  mother  to 
embryo  and  from 
embryo  to  mother, 
the  placenta  serv- 
ing not  only  for 
purposes  of  nutri- 
tion and  respira- 
tion but  also  as  an 
excretory  organ. 

AVhilst  the  pla- 
centa is  attaining 
its  full  develop- 
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F  used  mesoderm  of 
amnion  and  chorion 


Fig.  4-3. — Diagra.m.  Latei'  stage  in  the  develojunent  of  the  placenta,  showing  the 
relations  of  the  foetal  villi  to  the  placental  sinuses,  the  fusion  of  the  amnion 
with  the  inner  surface  of  the  chorion,  and  the  thinning  of  the  fused  decidua" 
(capsularis  and  vera). 


ment  the  anniion  is  expanding,  and  finally  its  outer  surface  fuses  with  the  inner 
surface  of  tlie  chorion,  consequently,  the  innermost  portion  of  the  placenta  is 
provided  with  a  covering  of  amnion. 

The  full-time  placenta  is  a  discoid  mass  about  20  to  25  inches  (50  to  GO  cm.)  in 
circumference  and  1^  in  thickness  at  its  centre ;  it  is  much  thinner,  however, 
at  its  margins,  where  it  is  continuous  with  the  membranes  formed  by  the  fused 
chorion,  decidua  \'era,  and  decidua  capsularis.  Its  weight  is  about  one  pound,  and 
it  consists  from  within  outwards  of  the  following  layers : — 

.  (  Ectoderm. 

\  Mesoderm. 

Allantois  with  fa?tiil  vessels  Mesoderm. 

.  I  Mesoderm. 

(  lioiMon  ■     •    1-  ^  1 

hctoderm. 

Layer  of  mateniul  blood  sinuses  and  remains  of  the  interglandular 

tissue  of  tiie  stratum  compactum. 
liasal  layer. 

Modified  spongy  layer. 
Unchanged  layer. 


Foetal 


Maternal 
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When  the  period  of  intrauterine  hfe  is  completed  the  muscular  walls  of  the 
uterus  contract  and  the  lower  orifice  of  the  uterine  cavity  is  dilated,  the  fused 
chorion  and  amnion,  which  close  the  upper  part  of  the  orifice,  rupture  and  the 
amniotic  fluid  escapes,  the  foetus  is  then  expelled,  but  it  remains  attached  to  the 
placenta  by  the  umbilical  cord.  The  cord  is  divided  artificially,  and  after  a  short 
period  the  placenta  and  membranes  are  expelled.  The  membranes  attached  to  the 
placenta  consist  of  the  fused  amnion,  chorion,  decidua  capsularis,  and  also  the 
decidua  vera  internal  to  the  altered  spongy  layer ;  therefore  lioth  the  placenta  and 
the  membranes  consist  of  maternal  and  foetal  tissues.  Before  the  placenta  and 
membranes  are  expelled  the  uterine  decidua  is  separated  into  two  parts  by  a 
cleavage  which  takes  place  in  the  modified  stratum  spongiosum.  ThS  inner  portion 
which  includes  the  placenta  and  membranes  is  cast  off.  The  outer  portion  remains 
in  the  uterus ;  it  consists  almost  entirely  of  the  deep  unchanged  layer  of  the 
decidua,  and  from  it  the  uterine  mucous  membrane  is  reconstructed. 

THE  PRIMITIVE  VASCULAK  SYSTEM  AND  THE  FCETAL 

CIECULATIOK 

It  has  already  been  said  that  the  ovum  during  its  passage  down  the  Fallopian 
tube  lives  either  on  its  own  yolk  particles  or  upon  substances  absorbed  from  the 
fluids  by  which  it  is  surrounded.  For  a  time  after  it  enters  the  uterus  its  nutrition 
must  be  provided  for  in  a  similar  manner,  but  as  soon  as  the  chorionic  villi  are 
formed  it  is  probable  that  the  ectodermal  cells,  of  which  in  the  earliest  stages  they 
entirely  consist,  and  which  cover  their  surfaces  in  the  later  stages,  actually  eat  up 
the  decidual  tissues  which  they  invade  and  use  them  for  food.  This  source  of 
nutrition,  however,  is  only  sufficient  for  the  short  period  during  which  the  ovum 
remains  relatively  small  and  substances  absorbed  through  the  surface  cells  can  be 
readily  transmitted  to  all  its  parts. 

In  addition  to  the  solid  decidual  tissues  devoured  by  the  ectodermal  cells  it  is 
evident  that  fluids  from  the  mother  are  also  absorbed,  for  the  yolk-sac  and  coelom 
enlarge  and  are  filled  with  fluid.  The  only  sources  from  which  these  can  have  been 
derived  are  the  uterine  glands  or  the  blood  and  lymph  vessels  of  the  decidua. 

In  all  probability  the  fluids  absorbed  into  the  ovum  contain  nutritive  material, 
and  so  long  as  the  embryo  is  constituted  by  the  thin  layers  of  the  early  blastoderm 
sufficient  food  material  can  easily  be  absorbed.  When,  however,  the  various  parts 
of  the  embryo  increase  in  thickness  and  become  moulded  into  the  form  of  organs 
they  are  no  longer  in  such  intimate  relation  with  the  surrounding  nutritive  fluids, 
whilst,  further,  as  their  development  progresses  they  require  a  greater  amount  of 
food  and  oxygen  than  they  can  obtain  from  these  fluids.  There  is,  therefore,  an 
imperative  necessity  for  a  further  supply  of  nutritive  material  by  which  their 
reqiiirements  may  be  satisfied,  or  development  must  cease  and  death  ensue. 

To  meet  this  necessity  the  vascular  system  is  formed.  It  is  essentially  an 
irrigation  system  consisting  of  a  propulsive  organ,  the  heart,  and  of  tubular 
vessels,  the  blood-vessels,  all  of  which  contain  blood.  The  heart  propels  the  blood 
through  the  blood-vessels  to  all  parts  of  the  embryo,  but  the  blood  which  is  at  first 
formed  from  the  mesoderm  of  the  ovum  must,  at  least  so  far  as  its  fluid  part  is 
concerned,  be  supplemented  largely  from  maternal  sources.  It  is  necessary,  there- 
fore, that  the  foetal  blood-vessels  be  brought  into  close  relation  with  the  maternal 
blood-vessels  at  an  early  period.  It  is  for  this  purpose,  amongst  others,  that  the 
large  blood-sinuses  are  formed  in  the  maternal  portion  of  the  placenta,  and  that 
they  are  surrounded  and  invaded  by  the  foetal  villi,  carrying  in  their  interior 
branches  of  the  foetal  blood-vessels,  and  as  previously  shown,  the  foetal  blood- 
vessels in  the  placenta  are  only  separated  from  the  maternal  blood  in  the  sinuses 
by  their  own  thin  mesodermal  walls,  and  by  one  or  two  layers  of  ectodermal  cells. 
When  the  placenta  is  fully  formed  fluids  can  readily  pass  from  the  maternal  to 
the  foetal  vessels,  and  there  can  be  no  doubt  that  both  food  and  oxygen  pass  from 
the  maternal  blood  to  the  foetal  blood  through  and  by  the  agency  of  the  intervening 
cells,  whilst  at  the  same  time  the  waste  products  which  are  formed  in  the  embryo 
pass  outwards  to  the  maternal  blood. 
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Obviously,  however,  a  system  of  vessels  tilled  with  Hukl  would  be  of  little  use 
in  the  general  economy  unless  there  were  mme  means  by  whicli  the  fluid  could  be 
kept  in  constant  movement.  In  the  first  instance  this  is  accomplislied  l)y  rhythmical 
contractions  of  the  vessel  walls,  but  in  a  short  time  poi'tions  of  the  two  primitive 
stem-vessels  which  appear  in  the  embryo  are  modified  into  a  single  propulsive 
organ,  the  heart,  which  forces  the  fluid,  or  blood,  in  a  definite  direction  both 
through  the  body  of  the  embryo,  along  the  body-stalk  or  umbilical  cord,  accord- 
ing to  the  age  of  the  embryo,  and  tlnough  the  vessels  in  the  placental  villi. 
We  have  now  to  consider  how  the  blood-vessels  and  blood  are  formed. 
Where,  or  how,  tlie  flrst  l)lood-vessels  appear  in  tlie  human  subject  is  not 

defluitely  known,  but  in 
other  mammals  they  are 
first  seen  outside  the  body 
of  the  eml)ryo  in  the  wall 
of  the  yolk-sac.  The  outer 
layer  of  tlie  wall  of  the  yolk- 
sac  consists  of  splanchnic 
mesoderm,  and  in  that  part 
of  this  layer  which  lies 
nearest  the  primitive  ali- 
mentary canal  a  large 
number  of  the  cells  pro- 
liferate rapidly  and,  fusing 
together,  form  multi- 
nucleated masses  of  pro- 
toplasm,the  "blood  islands" 
of  Pander. 

Soon  after  their  appear- 
ance the  blood  islands 
anastomose  together  by 
means  of  nucleated  pro- 
cesses which  they  throw 
out  on  all  sides,  and  thus 
a  niicleated  protoplasmic 
reticulum  is  formed  in  the 
substance  of  tlie  splanchnic 
mesoderm.  The  region  in 
which  tliis  occurs  is  known 
as  the  vascular  area.  The 
solid  nucleated  reticulum 
is  soon  converted  into  a 
system  of  anastomosing 
canals,  the  primitive  blood- 
vessels, Ijy  the  appearance 
within  it  of  numerous 
^•acuoles  which  soon  fuse 
togetlier,  wliilst  at  the  same 
time  the  nucleated  protoplasm  is  transformed  into  cells.  The  cells  which  lie  nearest 
the  interior  separate  from  each  other  and  form  the  primitive  blood-cor])uscles,  whilst 
those  situated  externally  remain  connected  by  their  margins  and  form  the  endothelial 
walls  of  the  embryonic  vessels.  The  fluid  which  fills  these  first-formed  vessels  in 
the  vascular  area  is  probably  derived  either  from  the  ccelom  or  from  the  yolk-sac. 

The  primitive  blood-corpuscles  are  nucleated  cells  of  a  reddish  colour ;  white  or 
colourless  blood-corpuscles  appear  later  and  those  first  formed  are  developed  in  the 
thymus  gland. 

Nucleated  red  corjmscles  ])ersist  and  increase  in  number  till  the  end  of  the 
second  month  of  intrauterine  life;  they  are  then  gradually  replaced  l)y  non-nucleated 
red  corpuscles.  The  majority  of  the  nucleated  red  corpuscles  disa})pear  long  before 
birth,  but  a  few  can  usuallv  be  found  in  the  blood  of  the  new-born  child.    There  is 
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some  doubt  about  their  ultimate  fate,  but  it  is  generally  believed  that  their  nuclei 
disappear,  and  that  they  are  converted  into  non-nucleated  corpuscles. 

Directly  after  tlie  appearance  of  the  blood  islands  in  the  vascular  area  of  the 
yolk-sac,  and  just  as  the  folding  off  of  the  embryo  commences,  two  short  tubular 
vessels  appear  in  tlie  splanchnic  layer  of  the  pericardial  mesoderm.  These  vessels 
at  once  extend  forwards  and  outwards  into  the  extra-embryonic  region  where  they 
become  connected  with  the  vessels  of  the  vascular  area  ;  they  also  extend  backwards 
in  the  body  of  the  embryo  beneath  tlie  protovertebral  somites.  In  the  majority  of 
mammals  they  at  first  terminate  behind,  as  in  front,  on  the  wall  of  the  yolk-sac, 
but  after  a  time  the  main  stems"  appear  to  be  continued  along  the  allantoic  stalk 
to  the  placenta,  and  to  give  off  branches  to  the  yolk-sac.  It  is  probable  that  in  the 
human  embryo  also,  though  this  has  not  apparently  been  actually  oliserved,  these 
main  stem  vessels,  the  primitive  aort;ie,  end  at  first  on  the  wall  of  tlie  yolk-sac,  but 
on  the  fourteenth  day  of  intra-uterine  life,  before  the  lieart  is  formed,  the  two 
primitive  stem-vessels  pass  backwards  along  the  body-stalk  to  the  chorion,  their 
terminal  branches  entering  the  chorionic  villi.  As  they  pass  backwards  the 
primitive  aoi'tre  give  off  branches  to  the  wall  of  the  yolk-sac.  Thus,  at  this  period 
the  vascular  system  of  the  human  embryo  consists 
of  two  longitudinal  vessels  which  run  parallel  with 
each  other,  one  on  each  side  of  the  middle  line, 
tliroughout  the  whole  length  of  the  embryo.  They 
communicate  anteriorly  with  the  vessels  on  the 
yolk-sac,  and  terminate  posteriorly  in  the  chorion. 
When  the  circulation  commences  the  blood  fiows 
from  the  anterior  part  of  the  vascular  area  into 
the  anterior  ends  of  the  primitive  aortse,  and 
passes  backwards  through  the  embryo.  Some  of 
it  is  returned  to  the  vascular  area  by  the  l^ranches 
which  are  given  off  to  the  walls  of  the  yolk-sac ; 
l)ut  the  greater  part  is  carried  to  the  chorion, 
whence  it  returns  by  venous  channels,  the  allantoic 
\'eins,  which  have  been  developed  in  the  mean- 
time, to  the  anterior  ends  of  tlie  primitive  aortpe. 

As  the  cephalic  and  caudal  folds  are  developed 
the  anterior  and  posterior  parts  of  the  primitive 
aortse  are  carried  into  the  ventral  wall  of  the 
body  of  the  embryo,  and  thus  each  primitive 
vessel  is  divisible  into  three  parts :  (1)  a  dorsal 
part,  the  primitive  dorsal  aorta,  which  extends 
from  the  dorsal  end  of  the  mandibular  arch  to 
the  cloaca,  and  runs  beneath  the  protovertebral  somites ;  (2)  an  anterior  ventral 
part,  situated  in  the  dorsal  wall  of  the  pericardium  and  extending  from  the 
umbilicus  to  the  ventral  end  of  the  mandibular  arch ;  and  (3)  a  posterior  ventral 
part,  which  at  first  runs  in  the  ventral  wall  at  the  side  of  the  cloaca,  and  then 
turns  backwards  in  the  body -stalk  to  the  placenta,  but  afterwards,  when  the 
posterior  part  of  the  ventral  wall  of  the  body  is  completed,  it  extends  forwards 
from  the  pelvic  region  to  the  umbilical  orifice,  through  which  it  passes  to  the 
umbilical  cord. 

The  three  sections  are  united  together  by  two  arches — an  anterior  arch,  the  first 
cephalic  aortic  arch,  which  passes  through  the  mandibular  arch,  and  a  posterior 
arch,  the  caudal  arch,  which  lies  at  the  side  of  the  cloaca. 

In  a  short  time  four  additional  communications  are  formed  between  the  anterior 
ventral  and  the  dorsal  part  of  each  primitive  aorta ;  they  are  the  second,  third, 
fourth  and  fifth  cephalic  aortic  arches,  each  of  which  lies  in  the  substance  of  the 
corresponding  visceral  arch. 

As  soon  as  the  last  cephalic  aortic  arch  is  developed  the  rudiments  of  the  main 
vessels  of  the  embryo  are  established ;  and  by  a  series  of  transformations,  for  a  full 
account  of  which  the  chapter  which  deals  with  the  Vascular  System  must  be 
consulted,  there  are  formed  from  the  vessels  which  have  been  mentioned  the  heart, 
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Fig.  45. — The  Pkimitive  Blood-Vessels 
OF  THE  Embryo. 
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the  aorta,  the  main  vessels  of  the  head  and  neck,  the  pnhnonaiy  artery  and  its 
primary  branches,  the  common  and  internal  iliac  arteries,  and  the  hypogastric  arteries. 

The  blood  distributed  l^y  the  various  arteries  is  returned  to  the  heart  by  vessels 
called  veins,  which  are  developed  in  the  substance  of  the  mesoderm  in  the  same 
manner  as  the  arteries.  From  the  yolk-sac  the  blood  returns  by  the  vitelline 
veins ;  from  the  alimentary  canal  and  its  appendages,  through  the  portal  and  hepatic 
veins  ;  from  the  head  and  neck,  Ijy  the  jugular  -s-eins  and  the  superior  vena  cava  ; 
and  from  the  body  and  lower  limbs,  first  by  the  cardinal  veins,  and  afterwards  by 
the  inferior  vena  cava  and  the  azygos  veins. 

The  heart  is  formed  by  the  fusion  of  portions  of  the  anterior  ventral  sections  of 
the  primitive  aortre  behind  the  origins  of  the  cephalic  aortic  arches,  and,  therefore, 
it  is  primitively  a  bilateral  organ.  Subsequently  it  possesses  for  a  time  a  single 
chamber,  but  this  is  afterwards  divided.  During  the  greater  part  of  foetal  life  the 
heart,  as  in  the  adidt,  possesses  four  chambers — two  auricles  or  upper  chamliers 
and  two  ventricles  or  lower  chambers,  right  and  left.  The  two  auricles  com- 
municate with  the  corresponding  ventricles  through  auriculo-ventricular  apertures, 

7th  pair  of  Vertebral 


Sinus  vcnosns 

Vitelline  vein 

Fig.  46. — Diagram  of  the  Blood-Ve.ssels  ok  a  Mammalian  Embryo  after  the  formation  of  the  Heart. 

and  with  each  other  through  a  foramen,  the  foramen  ovale,  in  the  septum  between 
them. 

In  the  adult  the  blood  enters  the  right  auricle  by  the  superior  and  inferior 
venae  ca\'ae  and  the  coronary  sinus ;  from  the  right  auricle  it  passes  into  the  right 
ventricle,  hy  which  it  is  propelled  through  the  pulmonary  arteries  and  lungs ;  re- 
turning to  the  heart  by  the  pulmonary  veins  it  passes  into  the  left  auricle,  and  then 
into  the  left  ventricle,  by  the  contraction  of  which  it  is  forced  into  the  systemic 
aorta.  From  the  aorta,  by  various  branches,  it  traverses  the  organs  and  tissues  of 
the  body,  and  is  returned  again  to  the  right  auricle. 

The  course  of  the  foetal  circulation  differs  from  that  of  the  adult;  the  blood 
passes  out  of  the  body  into  the  placenta,  to  be  oxygenated  and  purified,  the  lungs 
of  the  foetus  remaining  functionless  until  the  time  of  Ijirth.  Very  little  of  the 
blood  which  is  ejected  from  the  right  ventricle  at  every  contraction  of  that 
chamber  reaches  tlie  lungs ;  the  greater  part  is  transferred  from  the  pnhnonaiy 
artery  to  the  aorta  by  an  anastomosing  channel,  the  ductus  arteriosus,  which 
disappears  after  the  pulmonary  circulation  is  estal)lislied. 

During  the  later  months  of  ftRtal  life,  lilood  enters  the  right  auricle  by  the 
superior  and  inferior  vena;  cavfe  and  through  the  coronary  sinus ;  by  the  latter  the 
small  amount  only  which  is  returning  from  the  walls  of  the  heart.  The  blood 
poured  into  the  right  auricle  by  the  superior  vena  cava  is  returned  from  the  head, 
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neck,  upper  extremities,  and  the  thoracic  walls ;  passing  from  the  auricle  by  the 
right  auriculo-ventricular  opening  it  enters  the  right  ventricle;  from  the  right 
ventricle  it  is  forced  into  the  pulmonary  artery,  and  a  small  part  of  it  traverses  the 
lungs  and  returns  to  the  left  auricle  by  the  pulmonary  veins ;  the  main  part,  how- 
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Fig.  47. — Diagram  op  the  Fcetal  Circulation. 

ever,  is  conducted  by  the  ductus  arteriosus  into  the  aorta  at  a  point  beyond  where 
the  main  vessel  of  supply  to  the  left  upper  extremity,  the  left  subclavian  artery, 
rises. 

The  blood  which  enters  the  right  auricle  by  the  inferior  vena  cava  is  mixed ;  it 
consists  partly  of  purified  blood  from  the  placenta,  and  partly  of  impure  blood 
returning  from  the  abdomen  and  lower  extremities.  The  blood  from  the  placenta 
IS  returned  to  the  embryo  by  the  umbilical  vein.  From  the  umbilical  vein  it  passes 
along  a  channel  called  the  ductus  venosus,  which  terminates  in  the  upper  part  of  the 


G2 


GENERAL  EMBEYOLOGY. 


inferior  vena  cava.  The  mixed  blood  from  the  inferior  vena  cava  passes  through 
the  right  auricle,  traverses  the  foramen  ovale  in  the  interauricular  septum,  and 
enters  the  left  auricle ;  from  the  left  auricle  it  is  transferred  to  the  left  ^'entricle 
through  the  left  auriculo-ventricular  opening,  and  the  left  ventricle  ejects  it  into 
the  aorta.  From  the  first  part  of  the  aorta  some  of  the  blood  passes  into  the 
vessels  which  supply  the  head  and  neck  and  upper  extremities,  tlie  remainder 
mixes  witlr  the  blood  conveyed  to  the  aorta  by  the  ductus  arteriosus,  and  the 
blood,  thus  further  mixed,  is  in  part  distributed  to  the  walls  of  the  thorax  and 
abdomen  and  to  the  lower  extremities,  and  in  part  passes  to  the  placenta. 

Before  birth,  therefore,  there  is  no  pure  arterial  or  fully  oxygenated  blood  in 
the  arteries  of  the  foetus.  The  blood  entering  the  heart  by  the  superior  vena  cava 
is  venous  blood  from  the  head,  neck,  upper  extremities,  and  thorax  ;  that  entering 
by  the  inferior  vena  cava  is  mixed  Ijlood,  consisting  of  venous  blood  from  the  lower 
part  of  the  body  and  the  lower  extremities,  and  arterial  blood  from  the  placenta. 
The  two  streams  do  not  mix  in  the  right  auricle,  but  the  mixed  or  more  arterial 
stream  passes  directlj'  through  the  right  into  the  left  auricle,  thence  into  the  left 
ventricle,  and  from  the  left  ventricle  into  the  aorta  or  main  systemic  vessel,  which 
conveys  it  to  all  parts  of  the  liody.  The  different  parts  of  the  b(xly  do  not,  however, 
receive  etpially  oxygenated  blood,  for  the  \enous  stream  which  enters  the  right 
auricle  by  the  superior  vena  cava,  passes  through  that  cavity  into  the  right  ventricle  ; 
by  the  right  ventricle  it  is  forced  into  the  pulmonary  artery,  from  which  some  small 
part  passes  into  the  lungs,  and  so  back  to  the  left  auricle  by  the  pulmonary  veins, 
but  by  far  the  greater  part  is  carried  l:)y  the  ductus  arteriosus  to  the  aorta,  which  it 
enters  beyond  the  origins  of  the  ^'essels  which  supply  the  head,  neck,  and  \ippei' 
extremities ;  therefore  the  blood  in  the  lower  part  of  the  aorta,  which  is  distributed 
to  the  abdomen,  lower  limbs,  and  placenta,  is  much  more  mixed  or  impure  (less 
oxygenated)  than  that  which  is  distributed  to  the  head,  neck,  and  upper  extremities 
from  the  upper  part  of  the  aorta. 

SUMMAEY  OE  THE  EXTERNAL  FEATURES  OF  THE  HUMAN 

EMBRYO  AT  DIFFERENT  PERIODS  OF  DEVELOPMENT. 

The  first  week. — The  phenomena  of  fertilisation  and  begtiientation  have  not  been 
observed  in  the  human  ovum,  but  there  is  no  reason  to  beheve  that  they  differ  in  any 
essential  respect  from  those  met  with  in  the  ova  of  other  mammals.  Fertilisation  probably 
occurs  in  the  upper  part  of  the  Fallopian  tube,  and  segmentation  is  completed  in  the 
lower  part  of  the  same  canal  by  the  eighth  or  tenth  daj',  when,  presumably,  the  ovum 
becomes  a  morula,  and  i^asses,  either  as  such  or  as  a  blastula,  into  the  cavity  of  the 
uterus. 

The  second  week. — At  the  twelfth  day  the  ovum  is  embedded  in  the  uterine  wall); 

it  is  a  lenticular  vesicle, 
which  measures  5-5  mm. 
(V  of  an  inch)  in  length  and 
3-3  mm.  of  au  inch)  in 
breadth.  Its  upper  and 
lower  surfaces  are  smooth 
and  convex,  the  latter 
being  somewhat  flatter 
than  the  former,  and  it  is 
surrounded  equatorially 
Fig.  48.  by  a  broad  band  of  villi, 

A.  Human  embryo  at  the  end  of  the  12th  day  of  development ;  B.  At  the  some  of  which  are  slightly 
end  of  the  13th  day  of  development  ;  C.  At  the  end  of  the  14th  day  of  branched.  The  wall  of 
development.    (After  His.)  ^j^^  vesicle  and  the  villous 

AM.  Amnion  ;  AS.  Alhmtoic  .stalk  ;  BS.  Body-stalk  ;  CV  .  Chorionic  villi  on  .jj-gcesses  which  project 
a  .segment  of  the  chorion  ;  E.  Emlirvo  ;  H.  Head  of  embryo  ;  I'K.  Peri-   '  '.  '  .  J 

cardial  region  :  SS.  Stomatoda-al  depression  ;  YS.  Yolk  sac.  "'OHl    it    COUSlst    ot  ecto- 

dermal cells,  and  in  the 

embryonic  area,  which  is  clearh-  marked  on  the  upper  surface,  thei'e  is  an  inner  layer 
of  granular  nucleated  corj)uscles. 

By  the  end  of  the  twelfth  or  the  beginning  of  the  thirteenth  day  the  length  of  the 
ovum  has  increasal  to  G  mm.  (j  inch),  and  its  breadth  to  4'D  mm.     inch).    'I'he  ondn-yonic 
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area  is  no  longer  on  the  surface  of  the  ovum,  for  the  amnion  folds  have  closed.  The  yolk 
sac  is  formed,  and  the  rudiment  of  the  allantoic  duct  projects  backwards  from  its  upper 
and  posterior  part.  Mesoderm  has  formed,  and  it  has  extended  round  the  yolk  sac  and 
over  the  inner  surface  of  the  chorion.  The  embi'yonic  area,  with  the  yolk-sac  and  the 
amnion,  are  enclosed  within  the  blastoderm,  but  they  remain  attached  to  the  inner  surface 
of  the  chorion  by  a  relatively  thick  stalk  of  ectodermal  and  mesodermal  tissue,  the  body- 
stalk,  which  is  subsequently  replaced  by  the  umbilical  cord.  The  outer  surface  of  the 
ovum,  which  now  consists  entirely  of  chorion,  is  covered  with  small  villi  into  some  of 
which  mesodermal  cores  are  projecting. 

Obviously  the  ovum  of  the  latter  part  of  the  twelfth  day  difiers  considerably  from 
that  of  the  earlier  part  of  the  same  day,  but  the  transitional  stages  which  intervene 
lietween  the  two  have  not  yet  been  observed.  Probably,  however,  the  inner  granular 
layer  of  cells  in  the  embryonic  area,  which  repi'esent  the  entoderm,  increase  and  form  a 
solid  mass  in  which  a  cavity  soon  appears.  Directly  after  the  formation  of  the  cavity  in 
the  entoderm  the  primitive  streak  appears,  and  the  mesoderm,  growing  from  it  rapidly, 
covers  the  entodermal  sac  and  spreads  over  the  inner  surface  of  the  chorionic  area.  At 
the  same  time  the  amniotic  folds  form  and  separate  from  the  chorion,  but  this  separation  is 
not  effected  till  the  mesoderm,  extending  backwards  from  the  posterior  end  of  the  embryonic 
area,  has  reached  and  becomes  connected  with  the  inner  surface  of  the  chorion.  Consequently, 
when  the  amniotic  folds  fuse  together  and  separate  from  the  remainder  of  the  blastoderm, 
the  embryonic  area,  with  the  yolk-sac  and  amnion,  still  remain  attached  to  the  inner 
surface  of  the  chorion. 

During  the  thirteenth  day  the  embryonic  area  is  elevated,  the  cephalic  and  caudal 
folds  are  developed,  and  the  pericardial  region  becomes  prominent  between  the  head 
extremity  of  the  embryo  and  the  upper  and  anterior  part  of  the  yolk-sac.  The  neural 
groove  and  the  neural  folds  appear ;  the  posterior  ends  of  the  folds  embrace  the  anterior 
extremity  of  the  primitive  streak  on  which  the  primitive  groove  is  formed.  At  the 
anterior  end  of  the  primitive  groove  a  neurenteric  canal  appears,  forming  a  communication 
between  the  neui'al  groove  and  the  posterior  end  of  the  primitive  alimentary  canal. 

On  the  fourteenth  day  the  embryo  is  more  distinctly  separated  from  the  yolk-sac  ;  the 
head  increases  considerably  in  size,  and  its  anterior  part  is  bent  downwards.  The  posterior 
part  of  the  neural  canal  is  completed,  except  at  the  extreme  end,  by  the  meeting  and  fusion 
of  the  neural  folds,  but  it  is  still  open  anteriorly,  where  ti'aces  of  the  cerebral  vesicles  are 
present.  The  two  halves  of  the  heart  fuse  together ;  the  single  tube  thus  formed  is 
slightly  bent  upon  itself,  and  its  outline  is  visible  from  the  exterior.  The  pericardial 
region  increases  in  size,  and  a  distinct  stomatoda^al  space  appears  between  it  and  the 
anterior  part  of  the  head.  The  outlines  of  fourteen  protovertebral  somites  are  visible  on 
the  outer  surface  of  the  body. 


Fig.  49. 

D.  Human  embryo  at  the  21st  day  of  development  ;  E.  At  the  23rd  day  of  development  : 
F.  At  the  27th  day  of  development.  (After  His.) 
AS.  Allantoic  stalk  ;  BS.  Body-stalk  ;  CV.  Chorionic  villi  on  a  segment  of  the  chorion  ;  EY.  Eye  ;  ¥L.  Eore- 
limb  ;  H.  Head  ;  HA.  Hyoid  arch  ;  HL.  Hind-limb  ;  MA.  Mandibular  arch  ;  MB.  Mid-brain  ;  MP. 
Maxillary  process  ;  OP.  Olfactory  pit  ;  OV.  Otic  vesicle  ;  PR.  Pericardial  region  :  PS.  Protovertebral 
somite  ;  SS.  Stomatodsal  space  ;  UC.  Umbilical  cord  ;  VC.  Visceral  cleft  ;  WR.  Wolffian  ridge  ;  YS. 
Yolk-sac. 

The  third  week. — On  the  fifteenth  day  the  auditory  pits  and  two  visceral  clefts 
appear.  The  head  and  pericardial  region  enlarge,  and  the  stomatodteal  space,  which 
increases  simultaneously,  becomes  more  defined  laterally  by  the  forward  growth  of  the 
maxillary  processes. 
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By  the  end  of  the  third  week  Wolffian  ridges  appear  below  the  ventral  ends  of  the 
protovertebral  somites ;  tliev  are  most  marked  in  the  thoracic  and  pelvic  regions,  where 


EE 


Fig.  50. 

G.  Human  embryo  at  the  20th  day  of  development ;  H.  At  the  32iid  day  of  development.    (Alter  His.) 

EE.  Rudiment  of  ear  ;  EY.  Eye  ;  FL.  Fore-limb  ;  HA.  Hyoid  arch  ;  HL.  Hind-limlj  ;  MA.  Mandibular  arch  ; 
MB.  Mid-brain  ;  MP.  Maxillary  process  ;  OP.  Olfactory  pit  ;  PR.  Pei  icardial  region  ;  UC.  Umbilical 
cord. 

bud-like  projections  form  the  rudiments  of  the  limbs.  Four  visceral  clefts  are  visible,  and 
there  is  a  distinct  tail. 

The  fourth  week. — The  embryo  is  curved  upon  itself,  and  its  outline  is  almost 


Fiu.  51.— Human  Fcetus  at  the  si.\th  week  Fiu.  52. — Human  Foetus  six  akd  a 

01-  Development.    (After  His.)  halk  weeks  old.    (After  His.) 

D.  Digits  ;  EE.  Rudiment  of  ear  ;  FL.  Fore-limb  ;  HL.  Hind-limb  ;  MP.  Maxillary  process  ;  N.  Nose  ; 

UC.  Umbilical  cord. 

circular.  The- visceral  arches  begin  to  overlap  each  other.  The  rudiments  of  the  external 
ear  are  just  visible  as  small  nodules.    The  limb  rudiments  are  flat,  oval  buds. 

The  fifth  week. — Tlic  curvature  is  diminished,  and  the  head  and  neck  form  about 
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half  the  embryo.  The  eye  is  recognisable  externally.  The  nose  begins  to  grow  forwards, 
but  it  is  still  broad  and  flat,  and  the  nostrils  are  widely  apart.  The  nodular  elements  of 
the  external  ear  fuse  togethei*.  The  segments  of  the  limbs  are  defined,  but  the  digits  do 
not  project  beyond  the  ends  of  the  limb-buds.  The  genital  tubercle,  the  rudiment  of  the 
external  generative  organs,  is  formed. 

The  sixth  week. — During  the  sixth  week  the  increase  in  size  is  less  rapid  than  in 
previous  stages,  but  the  embryo  begins  to  assume  a  more  distinctly  human  form.  The 
head  remains  relatively  large  and  it  is  bent  at  right  angles  to  the  body.  The  neck  is 
better  defined  and  appears  as  a  constricted  region  between  the  head  and  trunk.  The 
maxillary  processes  fuse  with  the  lateral  nasal  processes,  and  the  lips  and  eyelids  begin  to 
assume  their  characteristic  form.  The  outer  parts  of  all  the  visceral  clefts  except  the 
hyo-mandibular  disappear.  The  external  ear  acquires  its  adult  form.  The  rotation  of 
the  limbs  commences,  and  the  fingers  reach  the  extremity  of  the  hand ;  the  tail  is 
beginning  to  disappear  as  an  external  projection. 

The  seventh  week. — The  flexure  of  the  head  upon  the  body  is  reduced.  The  nose 
projects  more  than  in  the  preceding  stage,  and  the  chin  appears.  The  toes  reach  the 
margins  of  the  feet,  and  the  projecting  portion  of  the  tail  is  still  further  reduced  in 
length. 

The  eighth  week. — The  flexure  of  the  head  disappears.  The  forehead  projects. 
The  nose  narrows  and  becomes  more  prominent,  but  the  anterior  nasal  orifices  are  still 
directed  forwards.  The  upper  lip  is  completed 
by  the  fusion  of  the  globular  processes.  The 
thumb  is  widely  separated  from  the  fingers,  and 
the  hand  assumes  a  distinctly  human  appearance. 
The  tail  is  reduced  to  a  small  nodule,  and  the 
umbilical  cord  is  attached  to  the  lower  part  of 
the  abdominal  wall.  At  the  end  of  the  second 
month  the  total  length  of  the  foetus,  excluding 
the  legs,  is  28  mm.  (1^  in.). 

The  third  month. — The  head  grows  less 
rapidly  and,  though  it  is  still  large,  it  is  rela- 
tively smaller  in  proportion  to  the  whole  body. 
The  eyelids  close,  and  their  margins  fuse  to- 
gether. The  neck  increases  in  length.  The 
various  parts  of  the  limbs  assume  their 
definite  proportions,  and  nails  appear  on  the 
fingers  and  toes.  The  proctodseum  is  formed  and 
the  external  generative  organs  are  differentiated, 
so  that  the  sex  can  be  distinguished  on  external 
examination.  The  skin  is  a  rosy  coloui',  thin 
and  delicate,  but  more  consistent  than  in  the 
preceding  stages.  By  the  end  of  the  third 
month  the  total  length  of  the  foetus,  excluding 
the  legs,  is  7  cm.  (24  in.),  including  the  legs, 
9-10  cm.  (3|-4  in.),  and  it  weighs  from  100-125 
grammes  (3|-4|-  oz.). 

The  fourth  month. — In  the  fourth  month 
the  skin  becomes  firmer,  and  fine  hairs  are 
developed.  The  disproportion  between  the 
fore  and  hind  limbs  disappears.  If  the  foetus 
is  born  at  this  period  it  may  live  for  a  few 
hours.  Its  total  length  from  vertex  to  heels  Fia.  53. — Human  F(etos  eight  and  a  half 
is  16-20  cm.  (6|-8  in.),  from  vertex  t®  coccyx  weeks  old.    (After  His.) 

12-13  cm.  (4|^-5-i-  in.),  and  it  weighs  from  230-       GE.  Genital  eminence;  UC.  Umbilical  cord. 
260  grammes  (8|-9i  oz.). 

The  fifth  month. — The  skin  becomes  firmer,  the  hairs  are  more  developed,  and 
sebaceous  matter  appears  on  the  surface  of  the  body.  The  legs  are  longer  than  the  arms, 
and  the  umbilicus  is  further  from  the  pubis.  At  the  end  of  the  month  the  total  length 
of  the  foetus,  from  vertex  to  heels,  is  25-27  cm.  (10-104  in.),  from  vertex  to  coccyx  20  cm. 
(8  in.),  and  its  average  weight  is  about  half  a  kilogramme  (1^0  lbs.). 

The  sixth  month. — The  skin  is  wrinkled  and  of  a  dirty  reddish  colour.  The  hairs 
are  stronger  and  darker.  The  deposit  of  sebaceous  matter  is  greater,  especially  in  the 
axillae  and  groins.    The  eyelashes  and  eyebrows  appear.    At  the  end  of  the  month  the 
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total  length  of  the  foetus,  from  vertex  to  heels,  is  from  30-32  cm.  (12-12|  in.),  and  its 
average  weight  is  about  one  kilogramme  (2i  lbs.). 

The  seventh  month. — The  skin  is  still  a  dirty  red  colour  but  it  is  lighter  than 
in  the  previous  month.  The  body  is  more  plump  on  account  of  a  greater  deposit  of  sub- 
cutaneous fat.  The  eyelids  reopen,  and  the  foetus  is  capable  of  living  if  born  at  this 
period.  Its  total  length  at  the  end  of  the  month,  measured  from  vertex  to  heels,  is  35-36 
cm.  (14-14|  in.),  and  its  weight  is  about  one  and  a  half  kilogrammes  (3^^  lbs.) 

The  eighth  month. — The  skin  is  completely  covered  with  sebaceous  deposit  which 
is  thickest  on  the  head  and  in  the  axillte  and  groins,  and  its  colour  changes  to  a  bright 
flesh  tint.  The  umbilicus  is  further  from  the  pubis,  but  it  is  not  yet  at  the  centre  of  the 
body.  The  total  length  of  the  foetus,  from  vertex  to  heels,  is  40  cm.  (16  in.),  and  its  weight 
varies  from  2  to  2^  kilogrammes  (4|-5^  lbs.) 

The  ninth  month. — The  hair  begins  to  disappear  from  the  body  but  it  remains 
long  and  abundant  on  the  head.  The  skin  becomes  paler,  the  plumpness  increases,  and 
the  umbilicus  reaches  the  centre  of  the  body.  At  the  end  of  the  ninth  month,  wlien  the 
foetus  is  born,  it  measures  about  50  cm.  from  vertex  to  heels  (20  in.),  and  it  weighs  from 
3-31  kilogrammes  (e^V^jV  lbs.) 

The  age  of  a  foetus  may  be  estimated  approximately  by  Hasse's  rule — viz. :  Up  to  the 
fifth  month  the  length  in  centimeters,  the  lower  limbs  being  included,  equals  the  square  ot 
the  age  in  montlis,  and  after  the  fifth  month  the  length  in  centimeters  equals  the  age  multiplied 
by  five. 
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THE  SKELETON. 

By  Arthur  Thomson. 

The  term  skeleton  (from  the  Greek,  o-KeA-eros,  dried)  is  applied  to  the  parts  which 
remain  after  the  softer  tissues  of  the  body  have  been  disintegrated  or  removed, 
and  includes  not  only  the  bones,  but  also  the  cartilages  and  ligaments  v^^hich  bind 
them  together.  In  the  restricted  sense  of  the  word  the  skeleton  denotes  the 
osseous  framework  of  the  body.  It  is  in  this  sense  that  it  is  generally  employed  in 
human  anatomy. 

The  skeleton  serves  to  support  the  softer  structures  which  are  grouped  around 
it,  and  also  affords  protection  to  many  of  the  delicate  organs  which  are  lodged 
within  its  cavities.  By  the  articulation  of  its  several  parts,  its  segments  are  con- 
verted into  levers  which  constitute  the  passive  portion  of  the  locomotory  system. 
Recent  research  has  also  proved  that  certain  cells  found  in  bone -marrow  are 
intimately  associated  with  the  development  and  production  of  some  of  the 
corpuscles  of  the  blood. 

Bone  may  be  regarded  as  white  fibrous  tissue  which,  having  become  calcified, 
has  undergone  subsequent  changes,  so  as  to  be  converted  into  true  osseous  tissue. 
Most  probably  all  bone  is  of  membranous  origin,  but  it  may  pass  through  a  stage 
in  which  cartilage  plays  an  important  part  in  its  development.  In  many  instances 
the  cartilage  persists,  and  is  not  converted  into  bone,  as  in  the  case  of  the  articular 
cartilage  which  clothes  the  joint  surfaces,  the  nasal  septum,  the  cartilages  of  the 
nose,  and  the  cartilages  of  the  ribs.  A  persistence  of  the  membranous  condition 
is  met  with  in  man  in  the  case  of  the  tentorium  cerebelli,  which  in  some  groups 
of  animals  (Carnivora)  is  converted  into  a  bony  partition. 

Skeletal  structures  may  be  derived  from  each  of  the  three  layers  of  the 
trilaminar  blastoderm.  The  exo-skeleton  includes  structures  of  ectodermal,  and 
some  of  mesodermal  origin  in  the  shape  of  hair,  nails,  feathers,  teeth,  scales,  armour- 
plates,  etc.,  whilst  the  endo-skeleton,  with  which  we  are  more  particularly  concerned, 
is  largely  derived  from  the  mesoblastic  tissue,  but  also  includes  the  notochord,  an 
entodermal  structure  which  forms  the  primitive  endo-skeleton,  around  which  the 
axial  skeleton  is  subsequently  developed  in  the  Vertebrata.  The  endo-skeleton  is 
divisible  into  an  axial  portion,  appertaining  to  the  trunk  and  head,  and  an  appen- 
dicular part  associated  with  the  limbs.  It  also  includes  the  splanchnic  skeleton, 
which  comprises  certain  bones  developed  in  the  substance  of  some  of  the  viscera, 
such  as  the  os  cordis  and  os  penis  of  certain  mammals.  In  man,  perhaps,  the 
cartilaginous  framework  of  the  trachea  and  bronchi  may  be  referred  to  this 
system.  The  number  of  the  bones  of  the  skeleton  of  man  varies  according  to  age. 
Owing  to  a  process  of  fusion  taking  place  during  growth,  the  number  in  the  adult 
is  less  than  the  number  in  the  child. 

The  following  table  does  not  include  the  sesamoid  bones  which  are  frequently 
developed  in  tendons,  the  most  constant  ossicles  of  this  description  being  those  in 
relation  to  the  metacarpo-phalangeal  joint  of  the  thumb,  and  metatarso-phalangeal 
joint  of  the  great  toe. 
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life  :- 


The  table  represents  the  number  of  bones  distinct  and  separable  during  adult 


Axial  skeleton 


The  ossicles  of  the  ear 


Single  Bones. 

Pairs. 

Total. 

The  vertebral  column 

26 

26 

The  skull 

6 

8 

22 

The  sternum 

I 

1 

I 

The  ribs  . 

12 

24 

The  hyoid  bone 

:  1 

1 

The  upper  limbs  . 

V 

32 

64 

The  lower  limbs 

••\ 

31 

62 

3 

6 

34 

86 

206 

Bones  are  often  classified  according  to  their  shape.  Thus  long  bones,  that 
is  to  say,  bones  of  elongated  cylindrical  form,  are  more  or  less  characteristic  of 
the  limbs.  Broad  or  flat  bones  are  plate-like,  and  serve  as  protective  coverings  to 
the  structures  they  overlie :  the  bones  of  the  cranial  vault  display  this  particular 
form.  Other  bones,  such  as  the  carpi;s  and  tarsus,  are  termed  short  bones  ;  whilst 
the  bones  of  the  cranial  base,  the  face,  and  the  vertebrae,  are  frequently  referred  to 
as  irregular  bones. 

Various  descriptive  terms  are  applied  to  the  prominences  commonly  met  with 
on  a  bone,  such  as  tuberosity,  eminence,  protuberance,  process,  tubercle,  spine, 
ridge,  crest,  and  line.  These  may  be  articular  in  their  nature,  or  may  serve  as 
points  or  lines  of  muscular  and  ligamentous  attachment.  The  surface  of  the  bone 
may  be  excavated  into  pits,  depressions,  fossae,  cavities,  furrows,  grooves,  and 
notches.  These  may  be  articular  or  non-articular,  the  latter  serving  for  the  recep- 
tion of  organs,  tendons,  ligaments,  vessels,  and  nerves.  In  some  instances  the 
substance  of  the  bone  is  hollowed  out  to  form  an  air  space,  sinus,  or  antrum. 
Bones  are  traversed  by  foramina  and  canals ;  these  may  be  for  the  entrance  and  exit 
of  nutrient  vessels,  or  for  the  transmission  of  vessels  and  nerves  from  one  region  to 
another.  A  cleft,  hiatus,  or  fissure  serves  the  same  purpose.  Channels  of  this  kind 
are  usually  placed  in  the  line  of  a  suture,  or  correspond  to  the  line  of  fusion  of  the 
primitive  portions  of  the  bone  which  they  pierce. 

Composition  of  Bone. — Bone  is  composed  of  a  combination  of  organic  and 
inorganic  substances  in  about  the  proportion  of  one  to  two. 


Organic  matter  (Fat  Collagen) 
Mineral  matter — 

Calcic  phosphate  . 

Calcic  carbonate  . 

Calcic  fluoride 

Magnesic  phosphate 

Sodic  chloride 


58-231 
7-32 
1-41 
1-32 
•69 


31-04 


68-97 


100-00 

The  animal  matter  may  be  removed  by  boiling  or  charring.  According  to  the 
completeness  with  which  the  fibrous  elements  have  been  withdrawn,  so  the  brittle- 
ness  of  the  bone  increases.  When  subjected  to  high  temperatures  the  earthy 
matter  alone  remains.  By  soaking  a  bone  in  acid  the  salts  may  be  dissolved  out, 
leaving  only  the  organic  part.  The  shape  of  the  bone  is  still  retained,  though  it 
has  now  become  soft,  and  can  be  bent  about  in  any  direction. 

Bone  may  be  examined  either  in  the  fresh  or  dry  condition.  In  the  former 
state  it  retains  all  its  organic  parts,  which  include  the  fibrous  tissue  in  and  around 
it,  the  blood-vessels  and  their  contents,  together  with  the  cellular  elements  found 
within  the  substance  of  the  bone  itself,  and  the  marrow  which  occupies  the  lacunar 
spaces  and  marrow  cavity.  In  the  dried  or  macerated  bone  most  of  these  have 
disappeared,  though  a  considerable  portion  of  the  organic  matter  still  remains, 
even  in  bones  of  great  antiquity  and  in  a  more  or  less  fossil  condition.  Con- 
sidering its  nature  and  the  amount  of  material  employed,  bone  possesses  a  remark- 
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able  strength,  equal  to  nearly  twice  that  of  oak,  whilst  it  is  capable  of  resisting  a 
great  crushing  strain ;  it  is  stated  that  a  cubic  inch  of  bone  will  support  a  weight 
of  over  two  tons.  Its  elasticity  is  remarkable,  and  is  of  the  greatest  service  in 
enabling  it  to  withstand  the  shocks  to  which  it  is  so  frequently  subjected.  In 
regions  where  wood  is  scarce  the  natives  use  the  ribs  of  large  mammals  as  a  sub- 
stitute in  the  construction  of  their  bows.  Its  hardness  and  density  vary  in  different 
parts  of  the  skeleton,  and  its  permanency  and  durability  exceed  that  of  any  other 
tissue  of  the  body,  except  the  enamel  and  dentine  of  the  teeth.  The  osseous  remains 
of  a  race  over  eighty  centuries  old  is  now  being  excavated  in  Egypt. 

Structure  of  Bone. — The  structure  of  the  bone  varies  with  the  form  of  the 
bone  examined.  If  a  long  bone  be  studied  in  section,  the  shaft  or  diaphysis  will  be 
seen  to  be  hollow,  displaying  a  cavity  of  elongated  shape,  which  contains  the  soft 
cellular  marrow.  Around  this,  the  bone  is  deposited  in  spicules  so  as  to  form  a 
loose  osseous  mesh  work,  which  becomes  denser  as  it"  reaches  the  circumference,  and 
gradually  merges  with  the  compact  layer  which  forms  the  outer  investing  envelope. 
The  extremities  of  the  bone,  usually  developed  from  separate  or  secondary  centres 
called  epiphyses,  are  composed  of  cancellous  tissue,  usually  finer  in  the  grain  and 
not,  as  a  rule,  displaying  any  medullary  cavity.  Here  the  confining  shell  of  bone 
is  thin,  and  displays  none  of  the  stoutness  which  is  so  characteristic  of  the  outer 
layers  in  the  shaft.  In  the  recent  condition  the  extremities  are  cartilage-covered 
where  they  enter  into  the  formation  of  joints.  In  flat  bones  the  osseous  tissue  is 
disposed  in  two  compact  layers,  with  a  layer  of  softer  cancellous  bone,  here  called 
the  diploe,  sandwiched  in  between.  There  is  no  medullary  cavity,  although  in  certain 
regions  the  substance  of  the  diploe  may  be  absorbed,  thus  forming  air-spaces  or  air- 
sinuses. 

True  bone  differs  from  calcified  cartilage  or  membrane  in  that  it  not  merely 
consists  of  the  deposition  of  earthy  salts  within  its  matrix,  but  displays  a  definite 
arrangement  of  its  organic  and  inorganic  parts.  Dense  bone  merely  differs  from 
loose  or  cancellous  bone  in  the  compactness  of  its  tissue,  the  characteristic  feature 
of  which  is  the  arrangement  of  the  osseous  lamellfe  to  form  what  are  called 
Haversian  systems.  These  consist  of  a  central  or  Haversian  canal  which  contains 
the  vessels  of  the  bone.  Around  this  the  osseous  lamellae  are  arranged  con- 
centrically, separated  here  and  there  by  interspaces  called  lacunae,  in  which  the 
bone  corpuscles  are  lodged.  Passing  from  these  lacunje  are  many  fine  channels 
called  canaliculi.  These  are  disposed  radially  to  the  Haversian  canal,  and  pass 
through  the  osseous  lamellee.  They  are  occupied  by  the  slender  processes  of  the 
bone  corpuscles.  Each  Haversian  system  consists  of  from  three  to  ten  concentric 
rings  of  osseous  lamellae. 

In  addition  to  the  lamellfe  of  the  Haversian  systems  there  are  others  which  are 
termed  the  interstitial  lamellae ;  these  occupy  the  intervals  between  adjoining 
Haversian  systems,  and  consist  of  Haversian  systems  which  have  undergone  a  process 
of  partial  absorption.  Towards  the  surface  of  the  bone,  and  subjacent  to  the  peri- 
osteal membrane  which  surrounds  the  shaft,  there  are  lamellae  arranged  circum- 
ferentially;  these  are  sometimes  referred  to  as  the  outer  fundamental  lamellae. 
The  periosteal  membrane  which  surrounds  the  bone,  and  which  plays  so  important 
a  part  in  its  development,  sends  in  processes  through  the  various  Haversian  systems, 
which  carry  with  them  vessels  and  cells,  thus  forming  an  organic  meshwork 
around  which  the  earthy  salts  are  deposited. 

The  interior  of  the  bone,  viz.  the  marrow  cavity,  and  the  interspaces  within  the 
cancellous  tissue,  as  well  as  some  of  the  larger  Haversian  canals,  are  occupied  by 
the  marrow  or  medulla  of  the  bone.  This  varies  considerably  in  its  composition  in 
different  bones.  In  the  medullary  cavity  of  the  shafts  of  the  long  bones  it  consists 
mainly  of  fat  cells,  together  with  a  few  marrow  cells  proper,  supported  by  a  kind 
of  retiform  tissue,  and  is  known  as  the  yellow  marrow.  In  other  situations,  viz. 
in  the  diploe  of  the  cranial  bones,  in  the  cancellated  tissue  of  the  epiphyses  of  the 
long  bones,  the  vertebrje,  the  sternum,  and  the  ribs,  the  marrow  is  more  fluid  in  its 
consistence,  contains  less  fat,  but  is  characterised  by  the  presence  of  marrow-cells 
proper,  which  resemble  in  some  respects  colourless  blood  corpuscles.  In  addition 
to  these,  however,  there  are  smaller  reddish-coloured  cells,  akin  to  the  nucleated  red 
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corpuscles  of  the  blood  of  the  embryo.  It  is  these  cells  (erythroblasts)  which  are 
concerned  in  the  formation  of  the  coloured  corpuscles  of  the  blood.  Marrow  which 
displays  these  characteristic  appearances  is  distinguished  from  the  yellow  variety 
already  described  by  being  called  the  red  marrow.  In  the  diploe  of  the  cranial 
bones  of  aged  individuals  the  marrow,  which  has  undergone  degenerative  changes, 
is  sometimes  referred  to  as  the  gelatinous  marrow. 

Apart  from  the  adaptation  of  form  rendered  necessary  by  the  use  to  which  the 
bone  is  put,  external  influences  are  seen  to  react  upon  the  intimate  structure  of 
the  bone  itself.  Thus,  if  sections  of  different  bones  be  made,  the  arrangement  of 
their  cancellous  and  dense  tissue  is  seen  to  vary.  In  long  bones  the  walls  of 
the  shaft  are  thick  and  strong,  more  particularly  towards  the  concave  side,  if  the 
shaft  happens  to  be  bent.  The  marrow  cavity — largest  towards  the  centre — 
gradually  tapers  towards  the  extremities,  being  encroached  upon  by  the  surround- 
ing cancellous  tissue,  which  is  disposed  in  lines  converging  towards  the  extremities 
like  the  sides  of  a  vaulted  arch,  thereby  forming  platforms  on  which  the  epiphyses 
are  supported.  The  surfaces  of  these  platforms  are  not  smooth,  but  so  arranged 
as  best  to  withstand  the  strain  to  which  the  epiphyses  are  habitually  subjected. 
Such  provision  is  necessary  in  order  to  obviate  the  tendency  to  separation,  which 
would  otherwise  occur  prior  to  the  complete  osseous  union  of  the  diaphysis  with 
the  epiphyses.  In  the  epiphysis  itself  the  arrangement  of  the  fibres  of  the 
cancellous  tissue  is  determined  by  the  disposition  of  the  articular  surfaces.  The 
osseous  lamellcC,  as  a  rule,  are  disposed  at  right  angles  to  the  planes  of  the  articular 
facets,  whilst  they  are  bound  together  by  other  lamellae  arranged  conformably  with 
these  articular  planes.  The  former  correspond  to  the  direction  of  greatest  pressure, 
whilst  the  latter  agree  with  the  lines  of  greatest  tension.  In  cases  where  there  is 
an  outstanding  process  projecting  from  the  shaft,  as,  for  example,  the  head  and 
neck  of  the  femur,  a  section  of  the  bone  displays  a  bracket-like  arrangement  of  the 
osseous  fibres  of  the  cancellous  tissue,  which  assists  materially  in  strengthening  the 
bone. 

Ossification  and  Growth  of  Bones. — For  an  account  of  the  earlier  development 
of  the  skeleton  the  reader  is  referred  to  pp.  28  and  45.  Concerning  the  subsequent 
changes  which  take  place,  these  are  dependent  on  the  conversion  of  the  sclerato- 
genous  tissue  into  membrane  and  cartilage.  A  characteristic  of  this  tissue  is  that 
it  contains  elements  which  become  formed  into  bone-producing  cells,  called  osteo- 
blasts. These  are  met  with  in  the  connective  tissue  from  which  the  membrane 
bones  are  formed,  whilst  they  also  appear  in  the  deeper  layers  of  the  investing 
tissue  of  the  cartilage  (perichondrium),  and  so  lead  to  its  conversion  into  the  bone- 
producing  layer  or  periosteum.  All  true  bone,  therefore,  may  probably  be  regarded 
as  of  membranous  origin,  though  its  appearance  is  preceded  in  some  instances  by 
the  deposition  of  cartilage ;  in  this  case  calcification  of  the  cartilage  is  an  essential 
stage  in  the  process  of  bone  formation,  but  the  ultimate  conversion  into  true  bone, 
with  characteristic  Haversian  systems,  leads  to  the  absorption  and  disappearance  of 
this  primitive  calcified  cartilage. 

Membrane  bones  are  such  as  have  developed  from  fibrous  tissue  without 
having  passed  through  a  cartilaginous  stage.  Of  this  nature  are  the  bones  of  the 
cranial  vault  and  the  majority  of  the  bones  of  the  face,  viz.  the  superior  maxillai, 
malars,  nasals,  lachrymals,  and  palate  bones,  as  well  as  the  vomer.  The  internal 
pterygoid  plate  is  also  of  membranous  origin. 

Cartilage  bones  are  those  which  are  preformed  in  cartilage,  and  include  most 
of  the  bones  of  the  skeleton.  Their  growth  is  often  described  as  endocliondral 
and  ectochondral,  the  former  term  implying  the  deposition  of  membrane  bone  in 
the  centre  of  the  cartilage,  while  the  latter  signifies  a  deposit  of  membrane  bone  on 
the  surface  of  the  cartilage,  the  osteogenetic  layer  on  the  surface  of  the  cartilage 
being  called  the  perichondrium  till  once  bone  has  been  formed,  when  it  is  called 
the  periosteum. 

In  the  course  of  the  development  of  a  bone  from  membrane,  as,  for  example, 
the  parietal  bone,  the  fibrous  tissue  corresponding  to  the  position  of  the  primary 
centre  becomes  osteogenetic,  because  here  appear  the  bone-forming  cells  (osteoblasts), 
which  rapidly  surround  themselves  with  a  bony  deposit  more  or  less  spicular  in 
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arrangement.  As  growth  goes  on  these  osteoblasts  become  embedded  in  the  ossify- 
ing matrix,  and  remain  as  the  corpuscles  of  the  future  bone,  the  spaces  in  which 
they  are  lodged  corresponding  to  the  lacunse  and  canaliculi  of  the  fully-developed 
osseous  tissue.  From  the  primary  centre  ossification  spreads  eccentrically  towards 
the  margins  of  the  bone,  where  ultimately  the  sutures  are  formed.  Here 
the  growth  rendered  necessary  by  the  expansion  of  the  cranium  takes  place 
through  the  agency  of  an  intervening  layer  of  vascular  connective  tissue  rich  in 
osteoblasts ;  but  in  course  of  time  the  activity  of  this  is  reduced  until  only  a  thin 
layer  of  intermediate  tissue  persists  along  the  line  of  the  suture,  which  may 
eventually  become  absorbed,  leading  to  the  obliteration  of  the  suture  by  the  osseous 
union  of  the  contiguous  bones.  Whilst  the  expansion  of  the  bone  in  all  directions 
is  thus  provided  for,  its  increase  in  thickness  is  determined  by  the  activity  of  the 
underlying  and  overlying  strata.  These  form  the  periosteum,  and  furnish  the 
lamellfB  which  constitute  the  inner  and  outer  compact  osseous  layers. 

In  a  cartilage  bone,  changes  of  a  similar  nature  occur.  The  cartilage,  which  may 
be  regarded  histologically  as  white  fibrous  tissue  +  chondro-sulphuric  acid  and  a 
certain  amount  of  lime  salts,  undergoes  the  following  changes : — First,  the  cartilage 
cells  being  arranged  in  rows,  become  enlarged ;  secondly,  the  matrix  between  the 
cartilage  cells  becomes  calcified  by  the  deposition  of  an  additional  amount  of  lime 
salts ;  thirdly,  the  rows  of  cells  become  confluent ;  and  fourthly,  into  the  spaces  so 
formed  extend  the  blood-vessels  derived  from  the  vascular  layer  of  the  periosteum. 
Accompanying  these  vessels  are  osteoblasts  and  osteoclasts,  the  former  building  up 
true  bone  at  the  expense  of  the  calcified  cartilage,  the  latter  causing  an  absorption  of 
the  newly-formed  bone,  and  leading  to  its  conversion  into  a  marrow  cavity,  so  that 
in  due  course  all  the  cartilage  or  its  products  disappear.  At  the  same  time  that  this 
is  taking  place  within  the  cartilage,  the  perichondrium  is  undergoing  conversion  into 
the  periosteum,  an  investing  membrane,  the  deeper  stratum  of  which,  highly  vascular, 
furnishes  a  layer  of  osteoblast  cells  which  serve  to  develop  the  circumferential 
lamellse  of  the  bone.  It  is  by  the  accrescence  of  these  layers  externally,  and  their 
absorption  internally  through  the  action  of  the  osteoclast  cells,  that  growth  takes 
place  transversely.  A  transverse  section  of  the  shaft  of  a  long  bone  shows  this 
very  clearly.  Centrally  there  is  the  marrow  cavity,  formed  primarily  by  the 
absorption  of  the  calcified  cartilage ;  around  this  the  cancellous  tissue  produced 
by  the  partial  erosion  of  the  primary  periosteal  bone  is  disposed,  whilst  externally 
there  is  the  dense  envelope  made  up  of  the  more  recent  periosteal  growth. 

Such  a  description,  whilst  explaining  the  growth  of  bone  circumferentially,  fails 
to  account  for  its  growth  in  lengthj  hence  the  necessity  in  loijg  bones  for  some 
arrangement  whereby  ossification  may  take  place  at  one  or  both  extremities  of  the 
shaft.  This  zone  of  growth  is  situated  where  the  ossified  shaft  becomes  continuous 
with  the  cartilaginous  epiphysis.  In  addition,  within  these  epiphysial  cartilages 
calcification  of  the  cartilage  takes  place  centrally,  just  as  in  the  diaphysis.  The  two 
parts  of  the  bone,  viz.  the  diaphysis  and  epiphysis,  are  thus  separated  by  a  layer  of 
cartilage,  as  yet  uncalcified,  but  extremely  active  in  growth  owing  to  the  invasion  of 
vessels  and  cells  from  a  vascular  zone  which  surrounds  the  epiphysis.  The  nucleus  of 
the  epiphysis  becomes  converted  into  true  bone,  which  grows  eccentrically.  This 
arrangement  provides  for  the  growth  of  the  shaft  towards  the  epiphysis,  and  the 
growth  of  the  epiphysis  towards  the  shaft ;  so  that  as  long  as  the  active  intervening 
layer  of  cartilage  persists,  extension  of  growth  in  a  longitudinal  direction  is  possible. 
Subsequently,  however,  at  variable  periods  the  intervening  layer  of  cartilage  becomes 
calcified,  and  true  bony  growth  occurs  within  it,  thus  leading  to  complete  osseous 
union  between  the  shaft  and  epiphysis.  When  this  has  taken  place  all  further 
growth  in  a  longitudinal  direction  ceases.  In  cases  where  the  epiphysis  enters  into 
the  formation  of  a  joint,  the  cartilage  over  the  articular  area  persists  and  undergoes 
neither  calcification  nor  ossification.  In  long  bones  the  ossific  nucleus  for  the  shaft 
or  diaphysis  is  the  first  to  appear,  and  is  hence  often  called  the  primary  centre  of 
ossification.  The  centres  for  the  epiphyses  appear  subsequently  at  variable  periods, 
and  are  referred  to  as  the  secondary  centres  of  ossification. 

From  what  has  been  said  it  will  be  gathered  that  the  vascular  supply  of  the 
bone  is  derived  from  the  vessels  of  the  periosteum.    These  consist  of  fine  arteries 
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which  enter  the  siirface  of  the  shaft  and  epiphysis ;  but  in  addition  there  is  a 
larger  trunk  which  enters  the  diaphysis  and  reaches  the  medullary  cavity.  This  is 
called  the  nutrient  artery  of  the  bone.  The  direction  taken  by  this  vessel  varies  in 
different  bones.  In  the  upper  limb  the  artery  runs  downwards  in  the  case  of  the 
humerus,  and  upwards  in  the  radius  and  ulna ;  in  the  lower  limb  the  nutrient 
vessel  of  the  femur  is  directed  towards  the  upper  extremity  of  the  shaft,  whilst 
in  the  tibia  and  fibula  it  follows  a  downward  course.  It  is  difficult  to  account  for 
this  difference  in  the  arrangement  of  the  vessels ;  but  it  has  been  pointed  out  that 
when  all  the  joints  are  flexed,  as  in  the  position  occupied  by  the  foetus  in  utero, 
the  direction  taken  by  the  vessels  is  the  same,  and  corresponds  to  a  line  passing 
from  the  head  towards  the  tail-end  of  the  embryo.  Consequently,  in  the  upper 
limb  the  vessels  flow  towards  the  elbow,  whilst  in  the  lower  limb  they  pass  from 
the  knee. 

The  attention  of  anatomists  has  long  been  directed  to  the  elucidation  of  the  laws 
which  regulate  bone-growth.  Our  present  knowledge  of  the  subject  may  be  briefly 
summarised  in  the  following  generalisations  : — • 

1.  In  bones  with  a  shaft  and  two  epiphyses,  the  epiphysis  towards  which  the 
nutrient  artery  is  directed  is  the  first  to  unite  with  the  shaft. 

2.  In  bones  with  a  shaft  and  two  epiphyses,  as  a  rule  the  epiphysis  which  com- 
mences to  ossify  latest  unites  soonest  with  the  shaft.  (The  fibula  is  a  notable  ex- 
ception to  this  rule.    See  p.  231.) 

3.  In  bones  with  a  shaft  and  one  epiphysis  the  nutrient  artery  is  directed 
towards  the  end  of  the  bone  which  has  no  epiphysis.  (This  arrangement  holds 
good  in  the  case  of  the  clavicle,  the  metacarpus,  metatarsus,  and  phalanges.) 

4.  When  an  epiphysis  is  ossified  from  more  than  one  centre,  coalescence  takes 
place  between  the  separate  ossific  nuclei  before  the  epiphysis  unites  with  the  shaft. 

Highly  suggestive,  too,  are  the  following  propositions — That  ossification  first 
commences  in  the  epiphysis  which  ultimately  acquires  the  largest  relative  propor- 
tion to  the  rest  of  the  bone,  and  that  the  ossification  of  the  epiphysis  is  also 
correlated  with  its  functional  importance.  In  cases  of  long  bones  with  only  one 
epiphysis,  the  epiphysis  is  placed  at  the  end  of  the  bone  where  there  is  most 
movement. 

The  veins  which  permeate  the  cancellous  texture  of  the  bone  are  large  and  thin- 
walled.  They  do  not  accompany  the  arteries,  and,  as  a  rule,  in  long  bones  they 
escape  through  large  openings  near  the  articular  surface.  In  flat  bones  they  occupy 
channels  within  the  diploe,  and  drain  into  an  adjacent  sinus,  or  form  communica- 
tions with  the  superficial  veins  of  the  scalp. 

The  lymphatics  are  mainly  periosteal,  but  enter  the  bone  along  with  the  vessels 
and  become  perivascular. 

The  nerves  which  accompany  the  arteries  are  probably  destined  for  the  supply 
of  the  coats  of  these  vessels.  Whether  they  end  in  the  bony  tissue  or  not  is  un- 
known. 

THE  VERTEBRAL  COLUMN". 

The  vertebral  column  (columna  vertebralis)  of  man  consists  of  thirty-three 
segments  or  vertebrae,  placed  one  on  the  top  of  the  other.  In  the  adult,  certain  of  these 
vertebrae  have  become  fused  together  in  the  process  of  growth  to  form  bones,  the 
segmental  arrangement  of  which  is  somewhat  obscured,  though  even  in  their  fully- 
developed  condition  sufficient  evidence  remains  to  demonstrate  their  compound 
nature.  The  vertebrje  so  blended  are  termed  the  fixed  or  false  vertebrae,  whilst 
those  between  wliich  the  osseous  union  has  not  taken  place  are  described  as  the 
movable  or  true  vertebrae.  This  fusion  of  the  vertebral  segments  is  met  with  at 
either  extremity  of  the  vertebral  column,  more  particTilarly  below,  where  the  column 
is  modified  to  adapt  it  for  union  with  the  girdle  of  the  lower  limb,  and  also  in 
the  region  of  man's  degenerated  caudal  appendage.  But  a  partial  union  of  the 
vertebral  segments  also  takes  place  above,  between  the  two  highest  vertebme,  in 
association  with  the  mechanism  necessary  to  provide  for  the  movements  of  the 
head  on  the  column. 
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For  descriptive  purposes,  the  vertebral  column  is  subdivided  according  to  the 
regions  through  which  it  passes.  Thus  the  vertebrte  are  described  as  cervical 
(vertebicE  cervicales),  dorsal  or  thoracic  (vertebrte  thoracales),  lumbar  (vertebrae 
lumbales),  sacral  (vertebr<e  sacrales),  and  coccygeal  (vertebrte  caudales),  according 
as  they  lie  in  the  regions  of  the  neck,  back,  loins,  pelvis,  and  tail.  The  number  of 
vertebrae  met  with  in  these  regions  is  fairly  constant,  though,  as  will  be  hereafter 
pointed  out,  variations  may  occur  in  the  number  of  the  members  of  the  different 
series.  The  vertebrae  in  man  are  thus  apportioned — 7  cervical,  12  dorsal,  5  lumbar, 
5  sacral,  and  4  or  5  coccygeal ;  the  three  former  groups  comprise  the  true  or  mov- 
able vertebrae,  the  two  latter  the  false  or  fixed  vertebrae.  The  vertebral  formula 
may  be  thus  expressed : — 


Movable  or  True  Vertebrse. 

Cervical.      Dorsal.  Lumbar, 
7  12  5 


Fixed  or  False  Vertebrae. 

Sacral.  Coccygeal. 
5  4  =33 


Demi-facet 
for  head 

of  rib  Body 


Facet  for. 
tubercle  of  rib 


The  vertebrse  of  which  the  column  is  built  up,  though  displaying  great  diversity  of 
characters  in  the  regions  above  enumerated,  yet  preserve  certain  features  in 
common.    All  possess  a  solid  part,  superior 
centrum  or  body  (corpus  vertebrae)  ;  articular  process  Pedicie 

all  have  articular  processes  by  which 
they  are  joined  to  their  fellows ; 
most  have  muscular  processes  de- 
veloped in  connexion  with  them ; 
whilst  the  majority  display  a  verte- 
bral or  spinal  foramen  (foramen  verte- 
brale)  formed  by  the  union  of  a  bony 
arch  (arcus  vertebrae)  with  the  body. 
These  common  characters  may  best 
be  studied  by  selecting  for  descrip- 
tion an  intermediate  member  of  the 
series.  For  this  purpose  one  of  the 
middle  or  lower  thoracic  vertebrae 
may  be  chosen. 

A  typical  vertebra  may  be  de- 
scribed as  consisting  of  a  body  or 
centrum  (corpus  vertebrae)  composed 
of  a  mass  of  spongy  bone,  more  or  ' 
less  cylindrical  in  form.  The  size 
and  shape  of  the  body  is  liable  to 
considerable  variation  according  to 
the  vertebra  examined.  The  upper 
and  lower  surfaces  of  the  body  are 
very  slightly  concave  from  before 
backwards  and  from  side  to  side, 
due  to  the  thickening  of  the  bone 
around  its  margins.  In  the  recent  con- 
dition these  surfaces  afford  attach- 
ment for  the  intervertebral  discs 
which  are  placed  like  pads  between 
the  bodies  of  the  movable  members 
of  the  series.  The  circumference  of 
the  body,  formed  as  it  is  of  more 
compact  bone  than  the  interior,  is 
usually  slightly  concave  from  above 
downwards,  though  it  becomes  flat 
behind,  where  the  body  forms  the  anterior  boundary  of  the  spinal  or  vertebral 
foramen,  at  which  point  it  is  usually  slightly  concave  from  side  to  side.  The 
vertical  surfaces  of  the  body  are  pierced  here  and  there  by  foramina  for  the 


viewed  from  tlie  riglit  side.) 


Spinous  process 


Facet  for 
tubercle  of 
rib 

Superior  articular 
process 


Pedicle 
Demi-facet  for 
head  of  rib 


Figs.  54,  55. — Fifth  Thoeacio  Vertebka. 
(As  viewed  from  above.) 
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passage  of  nutrient  vessels,  more  particularly  behind,  where  a  depression  of  con- 
siderable size  receives  the  openings  of  the  canals  through  which  some  of  the 
veins  escape.  Connected  with  the  body  posteriorly  there  is  a  bony  arch  (arcus 
vertebrfe)  which,  by  its  imion  with  the  body,  encloses  a  foramen  of  variable 
size,  the  spinal  or  vertebral  foramen  (foramen  vertebrale).  When  the  vertebrae 
are  placed  on  the  top  of  each  other  these  foramina  form  with  the  uniting 
ligaments  a  continuous  canal — spinal  or  neural  canal — in  which  the  spinal  cord  with 
its  coverings  is  lodged.  The  arch,  which  is  formed  by  the  union  of  the  pedicles  and 
laminse,  besides  enclosing  the  spinal  foramen,  also  supports  a  certain  number  of 
processes ;  of  these,  some  are  outstanding,  and  may  be  regarded  as  a  series  of  levers 
to  which  muscles  are  attached,  whilst  others  are  articular  and  assist  in  uniting  the 
different  vertebrse  together  by  means  of  a  series  of  movable  joints.  The  pedicles 
are  the  bars  of  bone  which  pass  from  the  back  of  the  body  of  the  vertebrae  on  either 
side  to  the  points  where  the  articular  processes  are  united  to  the  arch.  The  pedicles 
are  compressed  laterally,  and  have  rounded  superior  and  inferior  borders.  Since 
the  vertical  breadth  of  the  pedicles  is  not  as  great  as  the  thickness  of  the  body  to 
which  they  are  attached,  it  follows  that  when  the  vertebrfe  are  placed  one  above 
the  other  a  series  of  intervals  is  left  between  the  pedicles  of  the  different  vertebrae. 
These  spaces,  enclosed  in  front  by  the  bodies  of  the  vertebrae  and  their  inter- 
vertebral discs,  and  behind  by  the  coaptation  of  the  articular  processes,  form  a 
series  of  holes  communicating  with  the  neural  or  spinal  canal ;  these  are  called  the 
intervertebral  foramina  (foramina  intervertebralia),  and  allow  of  the  transmission  of 
spinal  nerves  and  vessels.  As  each  intervertebral  foramen  is  bounded  above  and 
below  by  a  pedicle,  the  grooved  surfaces  in  correspondence  with  the  upper  and 
lower  borders  of  the  pedicles  are  called  the  upper  and  lower  intervertebral  grooves 
or  notches  (incisura  vertebralis  superior  et  inferior).  Posteriorly,  the  two  pedicles 
are  united  by  two  somewhat  flattened  plates  of  bone — the  laminae,  which  converge 
towards  the  middle  line,  and  become  fused  with  the  root  of  the  projecting  spinous 
process  (processus  spinosus).  The  breadth  of  the  laminae  and  their  sloping  arrange- 
ment are  such,  that  when  the  vertebrae  are  articulated  together  they  leave  little 
space  between  them,  thus  enclosing  fairly  completely  the  neural  canal,  of  which 
they  form  the  posterior  wall.  The  edges  and  inner  surfaces  of  the  laminae  are 
rough  for  the  attachment  of  the  ligaments  which  bind  them  together. 

The  muscular  processes  are  three  in  number,  viz.  two  transverse  processes — one 
on  either  side — and  one  central  or  median,  the  spinous  process.  The  former 
(processus  transversus)  project  outwards  on  either  side  from  the  arch  at  the  point 
where  the  pedicle  joins  the  lamina.  The  latter  (processus  spinosus)  extends  back- 
wards in  the  middle  line  from  the  point  of  fusion  of  the  laminte.  The  spinous 
processes  display  much  variety  of  length  and  form. 

The  articular  processes  (zygapophyses),  four  in  number,  are  arranged  in  pairs — 
one  superior,  the  other  inferior ;  the  former  are  placed  on  the  upper  surface  of  the 
arch  where  the  pedicles  and  laminae  join,  the  latter  below  the  arch  in  correspondence 
with  the  superior.  Whilst  differing  much  in  the  direction  of  their  articular 
surfaces,  the  upper  have  generally  a  backward  tendency,  whilst  the  lower  incline 
forwards. 

THE  TRUE  OR  MOVABLE  VERTEBRAE. 
The  Cervical  Vertebra. 

The  cervical  vertebrae  (vertebrae  cervicales),  seven  in  number,  can  be  readily 
distinguished  from  all  the  other  vertebrae  by  the  fact  that  their  transverse  pro- 
cesses are  pierced  by  a  foramen.  The  two  highest,  and  the  lowest,  require  special 
description  ;  the  remaining  four  conform  to  a  common  type. 

Their  bodies,  the  smallest  of  all  the  true  vertebrae,  are  oblong  in  shape,  the 
transverse  diameter  being  much  longer  than  the  antero-posterior  width.  The  upper 
surface,  which  slopes  from  behind  forwards  and  downwards,  is  concave  from  side  to 
side,  owing  to  the  marked  projection  of  its  lateral  margins.  Its  anterior  lip  is 
rounded  off,  whilst  its  posterior  edge  is  sharply  defined. 
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The  inferior  surface,  which  is  more  or  less  saddle-shaped,  is  directed  downwards 
and  backwards.  It  is  convex  from  side  to  side,  and  concave  from  before  backwards, 
with  a  slight  rounding  off  of  the  projecting  anterior  lip.  The  vertical  diameter  of 
the  body  is  small  in  proportion  to  its  width.  The  anterior  surface  is  flat  in  the 
middle  line,  but  furrowed  laterally.  The  posterior  surface,  which  is  rough  and 
pierced  by  many  small  foramina,  is  flat  from  side  to  side  and  above  downwards ;  it 
forms  in  its  entire  extent  the  anterior  wall  of  the  spinal  foramen.  The  lateral 
aspects  of  the  body,  particularly  in  their  upper  parts,  are  fused  with  the  costal 
parts  of  the  transverse  processes,  and  form  the  inner  wall  of  the  vertebrarterial 
foramen  (foramen  transversarium). 

The  pedicles  which  spring  from  the  posterior  half  of  the  lateral  aspects  of  the 
body,  about  equi-distant  from  their  upper  and  lower  margins,  are  directed  hori- 
zontally backwards  and  outwards.  The  superior  and  inferior  notches  are  nearly 
equal  in  depth. 

The  laminse  are  long,  and  about  as  wide  as  the  body  of  the  bone  is  thick. 
The  spinal  foramen  is  larger  than  in  the  thoracic  and  lumbar  regions ;  its  shape 
is  triangular,  or  more  nearly  semi-lunar. 

The  transverse  processes,  so  called,  are  pierced  by  the  vertebrarterial  foramen 

Bifid  spiue 


Anterior  tubercle 

Fig.  56. — Fourth  Cervical  Vertebra  from  Above  and  from  the  Eight  Side. 


(foramen  transversarium).  They  consist  of  two  parts — the  part  behind  the  foramen, 
which  springs  from  the  neural  arch  and  is  the  true  transverse  process,  and  the 
part  in  front,  which  is  homologous  with  the  ribs  in  the  thoracic  part  of  the  column. 
These  two  processes,  united  externally  by  a  bridge  of  bone,  which  thus  converts  the 
interval  between  them  into  a  foramen,  terminate  in  two  tubercles,  known  respec- 
tively as  the  anterior  and  posterior  tubercles.  The  general  direction  of  these  pro- 
cesses is  outwards,  slightly  forwards,  and  a  little  downwards,  the  anterior  tubercles 
lying  internal  to  the  posterior.  The  two  tubercles  are  separated  above  by  a  groove 
directed  outwards,  downwards,  and  forwards ;  along  this  the  spinal  nerve  trunk 
passes.  The  vertebrarterial  foramen  (foramen  transversarium),  often  subdivided  by 
a  spicule  of  bone,  is  traversed  by  the  vertebral  artery  and  vein  in  the  upper  six 
vertebrae.  The  spinous  processes,  which  are  directed  downwards,  are  short,  com- 
pressed vertically,  and  bifid.  The  articular  processes  are  supported  on  cylindrical 
masses  of  bone  fused  with  the  arch  where  the  pedicles  and  laminse  join.  These 
cylinders  are  sliced  away  obliquely  above  and  below,  so  that  the  superior  articular 
facets,  more  or  less  circular  in  form,  are  directed  upwards  and  backwards,  whilst 
the  corresponding  inferior  surfaces  are  turned  downwards  and  forwards. 

First  Cervical .  Vertebra  or  Atlas. — This  bone  may  be  readily  recognised 
by  the  absence  of  the  body  and  spinous  process.  It  consists  of  two  lateral  masses, 
which  support  the  articular  and  transverse  processes.  The  lateral  masses  are 
themselves  united  by  two  curved  bars  of  bone,  the  anterior  and  posterior  arches,  of 
which  the  former  is  the  stouter  and  shorter.  Each  lateral  mass  is  irregularly  six- 
sided,  and  so  placed  that  it  lies  closer  to  its  fellow  of  the  opposite  side  in  front  than 
behind.  Its  upper  surface  is  excavated  to  form  an  elongated  oval  facet,  concave 
from  before  backwards,  and  inclined  obliquely  inwards ;  not  infrequently  this 
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articular  surface  displays  indications  of  division  into  two  parts.  These  facets  are 
for  the  reception  of  the  condyles  of  the  occipital  bone. 

The  inferior  articular  facets  are  placed  on  the  under  surfaces  of  the  lateral 

masses.  Of  circular  form, 
they  display  a  slight  side- 
to-side  concavity,  though 
flat  in  the  antero-posterior 
direction.  Their  position 
is  such  that  their  surfaces 
incline  downwards  and 
slightly  inwards.  They  rest 
on  the  superior  articular 
processes  of  the  second  cer- 
vical vertebra.  Springing 
from  the  anterior  and  inner 
aspects  of  the  lateral  masses, 
and  uniting  them  in  front, 
is  a  curved  bar  of  bone,  the 
anterior  arch  (arcus  an- 
terior) ;  compressed  on 
either  side,  this  is  thick- 
ened centrally  so  as  to  form 
on  its  anterior  aspect  the 
rounded   anterior  tubercle 


Fia.  .57.— The  Atlas  from  Above. 


1.  Posterior  arch. 

2.  Transverse  process. 
Tubercle  for  transverse 

ligament. 
Anterior  arch. 
Anterior  tubercle.  • 


3. 


10. 


Surface  for  articulation  with  odontoid 

process. 
Superior  articular  process. 
Foramen  for  vertebral  artery. 
Groove  for  vertebral  artery. 
Posterior  tubercle. 


(tuberculum  anterius).  In  correspondence  with  this  on  the  posterior  surface  of 
this  arch  is  a  circular  facet  (fovea  dentis)  for  articulation  with  the  odontoid 
process  of  the  second  cervical  vertebra  (axis). 

The  inner  surface  of  the  lateral  mass  is  rough  and  irregular,  displaying  a  little 
tubercle  for  the  attachment  of  the  transverse  ligament  which  passes  across  the  space 
included  between  the  two  lateral  masses  and  the  anterior  arch,  thus  holding  the 
odontoid  process  of  the  axis  in  position.  Behind  each  tubercle  there  is  usually  a 
deep  pit,  opening  into  the  bottom  of  which  are  the  canals  for  the  nutrient  vessels. 

External  to  the  lateral  mass,  and  principally  from  its  upper  half,  the  transverse 
process  arises  by  two  roots  which  include  between  them  the  vertebrarterial 
foramen.  The  transverse  process  is  long,  obliquely  compressed,  and  down-turned ; 
the  anterior  and  posterior  tubercles  are  no  longer  distinguishable,  as  they  have  fused 
to  form  one  mass. 

The  posterior  arch  arises  in  part  from  the  posterior  surface  of  the  lateral  mass, 
and  in  part  from  the  posterior  root  of  the  transverse  process.  Compressed  from 
above  downwards  anteriorly,  where  it  bounds  a  groove  which  curves  around  the 
posterior  aspect  of  the  superior  articular  process  and  is  also  continuous  externally  with 
the  vertebrarterial  foramen,  the  posterior  arch  becomes  thicker  mesially,  where  it 
displays  posteriorly  a  rough  irregular  projection— the  posterior  tubercle  (tuberculum 
posterius),  the  feeble  representative  of  the  spinous  process.  A  prominent  little 
tubercle,  arising  from  the  posterior  extremity  of  the  superior  articular  process,  over- 
hangs the  groove  above  mentioned,  and  not  infrequently  becomes  developed  so  as 
to  form  a  bridge  of  bone  across  it,  converting  the  groove  into  a  canal  through  which 
the  vertebral  artery  and  the  first  cervical  or  suboccipital  nerve  pass — a  condition 
normally  met  with  in  many  animals.  It  is  noteworthy  that  the  grooves  along 
which  the  two  highest  spinal  nerves  pass  lie  behind  the  articular  processes,  in 
place  of  in  front,  as  in  other  parts  of  the  column. 

The  ring  formed  by  the  lateral  masses  and  the  anterior  and  posterior  arches  is 
of  irregular  outline.    The  anterior  part,  cut  off  from  the  rest  by  the  transverse 
ligament,  serves  for  the  lodgment  of  the  odontoid  process  of  the  axis ;  the 
part  behind  corresponds  to  the  upper  part  of  the  neural  or  spinal  canal. 


larger 


Variations. — The  vertebrarterial  foramen  is  often  deficient  in  front.  Imperfect  ossification 
occasionally  leads  to  the  anterior  and  posterior  arches  being  incomplete.  The  superior  articular 
surfaces  are  occasionally  partially  or  completely  divided  into  anterior  and  posterior  portions. 
In  some  instances  tlie  extremity  of  the  transverse  process  has  two  tubercles.    The  transverse 
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process  may,  in  rare  cases,  articulate  with  a  projecting  process  (paroccipital)  from  the  under 
surface  of  the  jugular  process  of  the  occipital  bone  (see  p.  109).  An  upward  extension  from  the 
median  part  of  the  anterior  arch,  due  probably  to  an  ossification  of  the  anterior  occipito-atlantal 
ligament,  may  articulate  with  the  anterior  surface  of  the  summit  of  the  odontoid  process  of 
the  axis.  Allen  has  noticed  the  articulation  of  the  superior  border  of  the  posterior  arch  with 
the  posterior  border  of  the  foramen  magnum.  Cases  of  partial  or  complete  fusion  of  the  atlas 
with  the  occipital  bone  are  not  uncommon  (see  p.  109). 

Second  Cervical  Vertebra,  Axis,  or  Epistropheus. — This  is  characterised  by 
the  presence  of  the  tooth-like  odontoid  process  (dens)  which  projects  upwards  from 
the  superior  surface  of  the  body.  Slightly  constricted  where  it  joins  the  body,  the 
odontoid  process  tapers  to  a  blunt  point  superiorly,  on  the  sides  of  which  there  are 
surfaces  for  the  attachment  of  the  odontoid  or  check  ligaments.  When  the  atlas 
and  axis  are  articulated  together  this  process  lies  behind  the  anterior  arch  of  the 
atlas,  and  displays  on  its  anterior  surface  an  oval  or  circular  facet  which  articu- 
lates with  that  on  the  posterior  surface  of  the  anterior  arch  of  the  atlas.    On  the 


Odontoid  process   Groove  for  transverse  ligament 


Fia.  58. — Axis  from  Behind  and  Above.  Fig.  59. — Axis  from  the  Left  Side. 

posterior  aspect  of  the  neck  of  the  odontoid  process  there  is  a  shallow  groove  which 
receives  the  transverse  ligament  which  holds  it  in  position. 

The  anterior  surface  of  the  body  has  a  raised  triangular  surface,  which  ends 
superiorly  in  a  ridge  passing  upwards_^  to  the  neck  of  the  odontoid  process.  The 
pedicles  are  concealed  above  by  the  superior  articular  processes ;  inferiorly,  they  are 
deeply  grooved.  The  laminae — prismatic  on  section — are  thick  and  strong,  ending 
in  a  stout,  broad,  and  bifid  spinous  process,  the  under  surface  of  which  is  deeply 
grooved,  whilst  its  sides  meet  superiorly  in  a  ridge.  Placed  over  the  pedicles 
and  the  anterior  root  of  the  transverse  processes  are  the  superior  articular  surfaces. 
These  are  more  or  less  circular  in  shape,  slightly  convex  from  before  backwards, 
flat  from  side  to  side,  and  have  a  direction  upwards  and  a  little  outwards.  They 
are  channelled  inferiorly  by  the  vertebrarterial  foramina  which  turn  outwards 
beneath  them.  The  grooves  by  which  the  second  cervical  nerves  leave  the  neural 
canal  cross  the  laminae  immediately  behind  the  superior  articular  processes.  The 
inferior  articular  processes  agree  in  their  form  and  position  with  those  of  the 
remaining  members  of  the  series,  and  are  placed  behind  the  inferior  intervertebral 
notches. 

The  transverse  process  is  markedly  down  -  turned,  with  a  single  pointed 
extremity. 

Variations. — In  some  instances  the  summit  of  the  odontoid  process  articulates  with  a  promi- 
nent tubercle  on  the  anterior  border  of  the  foramen  magnum  (third  occipital  condyle,  see  p.  109). 
Bennet  (Trans.  Path.  Soc.  Dublin,  vol.  vii.)  records  a  case  in  which  the  odontoid  process  was 
double,  due  to  the  persistence  of  the  primitive  condition  in  which  it  is  developed  from  two 
centres.  Occasionally  the  odontoid  process  fails  to  be  united  with  the  body  of  tlie  axis,  forming 
an  OS  odontoideum  comparable  to  that  met  with  in  the  crocodilia  (Giacomini,  Romiti,  and 
Turner).  The  vertebrarterial  foramen  is  not  infrequently  incomplete,  owing  to  the  imperfect 
ossification  of  the  posterior  root  of  the  transverse  process. 
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The  seventh  cervical  vertebra,  or  vertebra  prominens,  receives  the  latter  name 
from  the  outstanding  nature  of  its  spinous  process,  wliich  ends  in  a  single  broad  tubercle. 
This  forms  a  well-marked  surface  projection  at  the  back  of  the  root  of  the  neck. 
The  transverse  processes  are  broad  from  above  downwards ;  they  project  consider- 
ably beyond  those  of  the  sixth.  The  maximum  width  between  their  extremities 
agrees  with  that  between  the  transverse  processes  of  the  atlas,  these  two  consti- 
tuting the  widest  members  of  the  cervical  series.  The  vertebrarterial  foramen  is 
small.  Not  infrequently  the  costal  element  is  separate  from  the  true  transverse 
process,  thus  constituting  a  cervical  rib. 

Variations. — The  vertebrarterial  foramen  may  be  absent  on  one  or  other  side. 

Thoeacic  Vertebra. 

The  dorsal  or  thoracic  vertebrae  (vertebrfe  thoracales),  twelve  in  number, 
are  distinguished  by  having  facets  on  the  sides  of  their  bodies  for  the  heads  of  the 
ribs,  and  in  most  instances  also  articular  surfaces  on  their  transverse  processes  for 
the  tubercles  of  the  ribs  (Figs.  54  and  55,  p.  73). 

The  body  is  described  as  characteristically  heart-shaped,  though  in  the  upper 
and  lower  members  of  the  series  it  undergoes  transition  to  the  typical  forms  of  the 
cervical  and  lumbar  vertebrae  respectively.  Its  antero-posterior  and  transverse 
widths  are  nearly  equal ;  the  latter  is  greatest  in  line  with  the  facets  for  the  heads 
of  the  rib.  The  bodies  are  sligtitly  thicker  behind  than  in  front,  thus  adapting 
themselves  to  the  anterior  concavity  which  the  column  displays  in  this  region. 
The  bodies  of  the  second  to  the  ninth  inclusive,  each  possess  four  costal  demi-facets — 
a  superior  pair  placed  on  the  upper  margins  of  the  body,  close  to  the  junction  of  the 
pedicle  with  the  centrum,  and  an  inferior  pair  situated  on  the  lower  edge,  close  to 
and  in  front  of  the  inferior  intervertebral  grooves. 

When  contiguous  vertebrae  are  articulated,  the  upper  pair  of  demi-facets  of  the  lower 
vertebra  coincide  with  the  lower  demi-facets  of  the  higher  vertebra,  and,  together  with  the 
intervening  intervertebral  disc,  form  an  articular  cup  for  the  reception  of  the  head  of 
a  rib.  Of  these  facets  on  the  body  the  upper  pair  are  the  primary  articular  surfaces 
for  the  head  of  the  rib  ;  the  lower  are  only  acquired  secondarily.  Moreover,  these  facets, 
though  apparently  placed  on  the  body,  are  in  reality  developed  on  the  sides  of  the  pedicles 
behind  the  line  of  union  of  the  pedicles  with  the  centrum  (neuro-central  synchondrosis),  as 
will  be  explained  hereafter. 

The  pedicles  are  short  and  thick,  and  directed  backwards  and  slightly  upwards. 
The  superior  notch  is  faintly  marked ;  the  inferior  notch  is  deep.  The  laminae  are 
broad,  flat,  and  sloping,  having  sharp  upper  and  lower  margins.  When  the 
vertebrae  are  superimposed  the  latter  overlap  the  former  so  as  to  form  an 
imbricated  arrangement.  The  spinal  foramen  is  smaller  than  in  the  cervical  and 
lumbar  regions,  and  nearly  circular  in  shape. 

The  spinous  processes  vary  in  length  and  direction,  being  shorter  and  more 
horizontal  in  the  upper  and  lower  members  of  the  series,  longest  and  most  oblique 
in  direction  towards  the  middle  of  the  series.  All  have  a  downward  inclination, 
and  are  so  arranged  that  they  overlap  one  another.  Triangular  in  section  where 
they  spring  from  the  neural  arch,  they  become  laterally  compressed  towards  their 
extremities,  which  are  capped  by  more  or  less  distinct  tubercles.  The  transverse 
processes  are  directed  backwards  and  outwards,  and  a  little  upwards.  They 
gradually  decrease  in  size  and  length  from  above  downwards.  Each  has  a  some- 
what expanded  extremity,  the  anterior  surface  of  which,  in  the  case  of  the  upper 
ten  vertebrai,  is  hollowed  out  in  the  form  of  a  circular  facet  for  articulation  with 
the  tubercle  of  the  rib  which  rests  in  the  upper  demi-facet  of  the  vertebra  to  which 
the  transverse  process  belongs.  The  superior  articular  processes  are  vertical  and 
have  their  surfaces  directed  backwards,  slightly  upwards,  and  a  little  outwards ; 
the  inferior,  correspondingly  forwards,  downwards,  and  inwards. 

Certain  of  the  dorsal  vertebrae  display  characters  by  which  they  can  readily  be 
recognised.  These  are  the  first,  tenth,  eleventh,  and  twelfth,  and  sometimes  the 
ninth. 
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The  first  dorsal  vertebra  resembles  the  seventh  cervical  in  the  shape  of  its 
body  and  the  length  and  direction  of  its  spine.  There  is  an  entire  facet  on  either 
side  of  the  body  for  the  head 
of  the  first  rib,  and  one  demi- 
facet  on  each  side  at  the 
lower  border  of  its  body,  to 
complete  the  socket  for  the 
head  of  the  second  rib.  Its 
transverse  processes  are  long, 
and  the  superior  inter- 
vertebral notch  is  better 
marked  than  in  other  mem- 
bers of  the  dorsal  series. 
The  superior  articular  sur- 
faces are  directed  backwards 
and  upwards,  not  outwards 
as  in  the  lower  series. 

The  ninth  dorsal  verte- 
bra occasionally  has  only 
the  upper  pair  of  demi- 
facets  on  its  body ;  at  other 
times  it  ^^conforms  to  the 
usual  type. 

The  tenth  dorsal  verte- 
bra may  have  only  one  com- 
plete costal  facet  on  each 
side  for  the  X.  rib,  though 
sometimes  the  articular 
socket  may  be  completed  by 
the  ninth  dorsal  vertebra. 
The  facet  on  the  transverse 
process  is  generally  small, 
and  sometimes  absent. 

The  eleventh  dorsal 
vertebra  has  a  complete 
circular  facet  on  the  outer 
side  of  each  pedicle  for 
articulation  with  the  XI.  rib. 
Its  transverse  processes  are 
short  and  stunted,  and  have 
no  facets. 

The  twelfth  dorsal 
vertebra  has  a  single  facet 
on  the  pedicle  on  each  side 
for  the  XII.  rib.  Its  trans- 
verse processes,  which  have 
no  facets,  are  broken  up 
into  smaller  tubercles,  called 
respectively  the  external, 
superior,  and  inferior  tuber- 
cles. These  are  homologous 
with  the  transverse  mam- 
millary  and  accessory  pro- 
cesses of  the  lumbar  verte- 
brae. Indications  of  these 
processes  may  also  be  met 
with  in  the  tenth  and  eleventh  dorsal  vertebrae, 


Fig.  60. 


First,  Ninth,  Tenth,  Eleventh,  and  Twelfth  Thoracic 
vertebr.e  from  the  left  side. 


Inferior  articular  process  with 

out-turned  facet. 
Single  facet  for  head  of  XII.  rib  ; 

no  facet  on  transverse  process. 
Single  facet  for  head  of  XI.  rib  ; 

no  facet  on  transverse  process. 
Single  or  demi-faoet  for  head  of 

X.  rib. 

Occasional  demi-facet  for  head 

of  X.  rib. 
Demi  -  facet  for  head   of  IX. 
rib. 
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.  Demi-facet  for  head  of  II.  rib. 

Single  facet  for  head  of  I.  rib. 
,  Facet  on  transverse  process  for 

tuberosity  of  I.  rib. 
,  Facet  on  transverse  process  for 

tuberosity  of  IX.  rib. 
,  Facet  on  transverse  process  for 

tuberosity  of  X.  rib. 
Superior^  Tubercles  /" Mammillary. 
I    corre-  J  Accessory. 


I.  Inferior 


E.  External^  to 


j  sponding  j  Transverse 


of  lumbar. 


The  twelfth  dorsal  vertebra  may 
usually  be  distinguished  from  the  eleventh  by  the  arrangement  of  its  inferior 
articular  processes,  which  resemble  those  of  the  lumbar  series  in  being  out-turned ; 
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but  the  eleventh  occasionally  displays  the  same  arrangement,  in  which  case  it  is 
not  always  easy  to  distinguish  between  them. 


Lumbar  Vertebra. 


Spine 


Inferior  articular  process 

Mammillary  process 


Body 

Superior  articularjprocess 


The  lumbar  vertebrae  (vertebrte  lumbales),  five  in  number,  are  the  largest  of 
the  movable  vertebne.  They  have  no  costal  articular  facets,  nor  are  their  trans- 
verse processes  pierced  by 
a  foramen.  In  this  way 
they  can  be  readily  dis- 
tinguished from  the  mem- 
bers of  the  cervical  and 
thoracic  series. 

The  body  is  kidney - 
shaped  in  outline,  and  of 
large  size.  The  transverse 
diameter  is  usually  about 
a  half  greater  than  the 
antero  -  posterior  width. 
The  anterior  thickness  is 
slightly  greater  than  the 
posterior,  being  thus 
adapted  to  the  anterior 
convex  curve  of  the 
column  in  this  region. 
The  pedicles,  directed 
horizontally  backwards, 
are  short  and  stout ;  the 
superior  notches  are 
shallow,  but  deeper  than 
in  the  dorsal  region ;  the 
inferior  grooves  are  deep. 
The  laminae  are  broad,  and 
nearly  vertical,  sloping  but 
slightly.  They  support 
on  their  lower  margins 
the  inferior  articular  pro- 
cesses. The  spinal  foramen 
is  large  and  triangular. 

The  spinous  processes, 
"spatula  shaped,  with  a 
thickened  posterior 
margin,  project  backwards 
and  slightly  downwards. 
The  transverse  processes, 
more  slender  than  in  the 
dorsal  region,  pass  hori- 
zontally outwards,  with  a 
slight  backward  inclina- 
tion. Arising  from  the  junction  of  the  pedicles  with  the  laminte  in  tlie  higher 
menibers  of  the  series,  they  tend  to  advance  so  as  to  become  fused  with  the  outer 
side  of  the  pedicle  and  back  of  the  body  in  the  two  lower  lumbar  vertebr;c.  In 
these  latter  vertebne  tlie  superior  intervertebral  groove  is  carried  obliquely  across 
the  upper  surface  of  the  base  of  the  transverse  process.  The  transverse  processes 
lie  in  line  with  the  external  tubercles  of  the  lower  thoracic  vertebrje,  with  which 
they  are  serially  homologous,  and  are  to  be  regarded  as  representing  the  costal 
element.  Placed  on  their  base  posteriorly,  and  just  external  to  and  below  the 
superior  articular  processes,  are  the  small  accessory  tubercles  (processus  accessorii) 
which  are  in  series  with  the  inferior  tubercles  of  the  lower  thoracic  vertebrae.  The 
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superior  articular  processes  are  stout,  oval,  curved  plates  of  hone,  fused  in  front  with 
the  pedicles  and  laminte,  and  having  their  concave  articular  surfaces  vertical  and 
in-turned.  Externally,  and  on  their  posterior  edge,  the  bone  rises  in  the  form  of  an 
elongated  oval  tubercle,  the  mammillary  process  (processus  mammillaris) ;  these  are 
in  correspondence  with  the  superior  tuliercles  of  the  lower  thoracic  transverse  pro- 
cesses. 

The  inferior  articular  processes  lie  on  either  side  of  the  root  of  the  spinous 
process  supported  on  the  inferior  margin  of  the  laminae.  Their  articular  surfaces, 
oval  in  outline,  convex  from  side  to  side,  and  plane  from  above  downwards,  are 
out-turned.  The  inferior  articular  processes  are  much  closer  together  than  the 
superior ;  so  that  when  the  vertebra;  are  articulated  the  superior  articular  processes 
of  the  lower  vertebra  embrace  the  inferior  articular  processes  of  the  higher 
vertebra. 

The  fifth  lumbar  vertebra  is  characterised  by  the  size  of  its  body,  which  is 
the  largest  of  all  the  vertebra;.  Further,  the  under  surface  of  the  body  is  cut 
away  at  the  expense  of  its  posterior  part :  hence  the  thickness  of  the  centrum  in 
front  much  exceeds  that  of  the  vertical  diameter  behind.  The  transverse  process 
is  pyramidal  in  form,  and  stouter  than  those  of  the  other  lumbar  vertebrae.  It 
arises  by  a  broad  base  from  the  side  of  the  back  of  the  body,  as  well  as  from  the 
pedicle,  and  is  directed  outwards  and  a  little  backwards  and  upwards.  Its  upper 
surface  is  slightly  grooved  by  the  superior  intervertebral  notch.  A  deep  notch 
separates  it  posteriorly  from  the  superior  articular  processes,  which  are  less 
in-turned  than  in  the  other  members  of  the  series,  their  articular  surfaces  being 
directed  more  backwards  than  inwards,  and  displaying  less  concavity.  The  inferior 
articular  processes  are  further  apart  than  is  the  case  with  the  other  members  of 
the  series,  they  lie  in  line  with  the  superior.  The  spinous  process  is  shorter  and 
narrower  than  the  other  lumbar  spines,  particularly  so  in  the  female. 

Variations. — The  mammillary  and  accessory  processes  are  sometimes  unduly  developed.  The 
neural  arch  of  the  fifth  lumbar  vertebra  is  occasionally  interrupted  on  either  side  by  a  synchon- 
drosis which  runs  between  the  upper  and  lower  articular  pirocesses.  In  macerated  specimens  the 
two  parts  of  the  bone  are  thus  separate  and  independent.  The  anterior  includes  the  centrum,  to- 
gether with  the  pedicles,  transverse  and  superior  articular  processes ;  the  j)osterior  comprises  the 
inferior  articular  processes,  the  laminae,  and  the  spine. — Turner  (Challenger  Reports,  \o\.  xvi.). 

THE  FALSE  OR  FIXED  VERTEBRA.. 
The  Sacrum. 

The  sacrum  (os  sacriun),  of  roughly  triangular  shape,  is  formed  by  the  fusion, 
normally,  of  five  vertebra;.  The  anterior  surface  of  the  bone  is  slightly  hollow  from 
side  to  side  and  concave  from  above  downwards,  the  curve  being  usually  most 
pronounced  opposite  the  third  sacral  segment.  The  central  part  corresponds  to 
the  bodies  of  the  sacral  vertebras,  the  lines  of  fusion  of  which  are  indicated  by  a 
series  of  four  parallel  ridges  which  cross  the  central  part  of  the  bone  at  gradually 
diminishing  intervals  from  above  downwards ;  externally,  these  ridges  disappear 
on  either  side  on  the  inner  walls  of  the  four  anterior  sacral  foramina  (.foramina 
sacralia  anteriora).  The  size  of  these  holes  decreases  from  above  downwards.  The 
upper  and  under  border  of  each  foramen  is  formed  by  a  stout  bar  of  bone,  of  which 
there  are  five  on  each  side,  corresponding  in  number  with  the  vertebrae  present. 
Tliese  unite  externally  so  as  to  form  the  lateral  mass  (pars  lateralis),  and  thus 
enclose  the  foramina  to  the  outer  side,  though  here  the  edge  is  not  abrupt,  but 
sloped  so  as  to  pass  gradually  into  the  canal.  The  large  anterior  divisions  of  the 
sacral  nerves  pass  through  these  foramina  and  occupy  the  shallow  grooves.  The 
bone  is  broadest  across  the  first  sacral  vertebra,  tends  to  narrow  opposite  the 
second,  and  again  usually  increases  in  width  opposite  the  third.  When  this 
condition  is  well  marked,  the  edge  has  a  notched  appearance  (sacral  notch)  which 
assists  in  the  interlocking  of  the  sacro-iliac  joint.  The  surface  of  bone  between 
and  external  to  the  first,  second,  third,  and  fourth  foramina  affords  attachment  to 
the  fibres  of  origin  of  the  pyriformis,  whilst  on  the  edge  external  to  and  below  the 
fourth  foramen  the  coccygeus  is  inserted. 
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The  posterior  surface  is  rough  and  irregular.  Convex  from  above  downwards  it 
displays  mesially  a  crest  (crista  sacralis  media)  whereon  are  seen  four  elongated 
tubercles — the  spines  of  the  upper  four  sacral  vertebra;.  External  to  these  the 
bone  forms  a  groove — the  sacral  groove — the  floor  of  which  is  made  up  of  tlie  con- 
fluent laminic  of  the  corresponding  vertebne.  In  line  with  the  intervals  between 
the  spines,  and  wider  apart  above  tlian  below,  another  series  of  tubercles  is  to  be 
seen.  These  are  due  to  the  fusion  of  the  articular  processes  of  the  sacral  vertebrte, 
and  together  they  form  faint  irregular  ridges  on  the  bone  (cristas  sacrales  articulares). 
Normally,  the  spine  of  the  lowest  sacral  segmefit  is  absent,  and  the  laminae  do  not 
coalesce  mesially,  thus  leaving  a  gap  in  which  the  spinal  canal  is  exposed  (hiatus 
sacralis) ;  whilst  inferiorly  the  tubercles  corresponding  to  the  inferior  articular 
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Fig.  62. — The  Sacrum  (anterior  view). 

processes  of  the  last  sacral  vertebra  form  little  down-projecting  processes — the 
sacral  cornua  (cornua  sacralia) — by  means  of  which  the  sacrum  is  in  part  united  to 
the  coccyx.  Just  wide  of  the  articular  tubercles  are  the  posterior  sacral  foramina 
(foramina  sacralia  posteriora),  for  the  transmission  of  the  posterior  divisions  of  the 
sacral  nerves.  These  aie  in  correspondence  with  the  anterior  foramina,  so  that  a 
probe  can  be  passed  directly  through  both  openings ;  but  it  is  to  be  noted  that  the 
posterior  are  nuteh  smaller,  and  their  margins  much  sharper,  than  is  the  case  with 
the  anterior.  The  surface  of  the  lateral  mass  external  to  the  posterior  sacral 
foramina  is  rough  and  irregular,  owing  to  the  presence  of  four  more  or  less  elevated 
tubercles,  which  constitute  the  lateral  ridges  on  either  side  of  the  bone  (cristse 
sacrales  laterales),  and  which  are  serially  homologous  with  the  true  transverse 
processes  of  the  lumbar  vertebne.  ^ 

Tlie  posterior  surface  of  the  bone  furnishes  an  extensive  surface  for  the  origin 
of  the  erector  spinte  muscles,  whilst  the  edge  of  the  bone  external  to  the  third  and 
fourth  foramen  gives  attachment  to  the  glutens  maxinius. 

The  base  of  the  bone  displays  features  more  in  accordance  with  a  typical 
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vertebra.  Centrally  and  in  front  is  placed  the  body,  the  upper  surface  of  which 
articulates  with  the  last  lumbar  vertebra  through  the  medium  of  an  intervertebral 
disc.  The  anterior  margin  is  thin  and  projecting,  overhanging  the  general  con- 
cavity of  the  front  of  the  bone,  and  forming  what  is  called  the  promontory  (promon- 
toriiim).  Behind  the  body,  the  spinal  canal,  of  triangular  form  with  slightly 
appressed  sides,  is  seen,  whilst  posteriorly  is  the  short  spinous  process  forming  the 
highest  tubercle  of  the  median  crest.  Spreading  out  from  the  sides,  and  partly  from 
the  back  of  the  body  on  either  side,  is  a  fan-shaped  mass  of  bone,  the  upper  surface 
of  which  is  slightly  concave  from  side  to  side,  and  convex  from  above  and  behind 
downwards  and  forwards.  This,  the  ala  (ala  sacralis),  corresponds  to  the  thick  upper 
border  of  the  lateral  mass,  and  is  formed,  as  will  be  explained  hereafter,  by  elements 
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Coccygeal  articular  surface 
Fig.  63. — The  Sacrum  (posterior  view). 


which  correspond  to  the  pedicles  and  transverse  processes  of  the  sacral  vertebrae,  to- 
gether with  superadded  structures — the  sacral  ribs.  The  external  margin  of  the 
lateral  mass,  as  seen  from  above,  is  sharp  and  outwardly  convex,  terminating  behind 
in  a  prominent  tubercle — the  highest  of  the  series  of  elevations  seen  on  the  posterior 
surface  of  the  bone,  which  have  been  already  described  as  serially  homologous  with 
the  true  transverse  processes  of  the  lumbar  vertebrse.  Fused  with  the  back  of  each 
lateral  mass,  and  separated  from  it  externally  by  a  narrow  but  deep  notch,  is  the 
superior  articular  process.  This  supports  a  vertical  articular  surface,  which  is  of 
circular  or  oval  form,  and  concave  from  side  to  side,  having  a  general  direction 
backwards  and  a  little  inwards. 

The  borders  of  the  bone  are  thick  above,  where  they  articulate  with  the  ilia, 
thin  and  tapering  below,  where  they  furnish  attachments  for  the  powerful  sacro- 
sciatic  ligaments.  The  iliac  articular  surfaces  are  described  as  auricular  in  shape 
(facies  auriculares),  and  overlie  the  lateral  masses  formed  by  the  first  three  sacral 
vertebrae,  though  this  arrangement  is  liable  to  considerable  variation.  Behind  the 
auricular  surface,  the  bone  is  rough  and  pitted  by  three  distinct  depressions  for  the 
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attachment  of  the  strong  sacro-iUac  hgaments.  Inferiorly,  the  edge  formed  by 
the  lateral  masses  of  the  fourth  and  fifth  sacral  vertebrae  becomes  gradually 
thinner,  and  at  the  inferior  lateral  angle  changes  its  direction  and  sweeps  inwards 
towards  the  body  of  the  fifth  sacral  segment. 

The  apex,  or  lower  end  of  the  sacrum,  is  formed  by  the  small  oval  body  of  the 
fifth  sacral  vertebra,  which  articulates  with  the  coccyx. 

The  sacral  canal  follows  the  curve  of  the  bone  ;  more  or  less  triangular  in 
shape  above,  it  becomes  appressed  and  flattened  below.  Inferiorly,  its  posterior 
wall  is  deficient  owing  to  the  imperfect  ossification  of  the  laminie  of  the  fifth,  and, 
it  may  be,  of  the  fourth  sacral  segments.  Passing  obliquely  outwards  and  downwards 
from  this  canal  into  the  lateral  masses  on  either  side  are  the  four  pairs  of  inter- 
vertebral foramina,  each  of  which  is  connected  externally  with  a  V-shaped  canal 
which  terminates  in  front  and  behind  in  the  anterior  and  posterior  sacral  foramina. 
The  hinder  limb  of  the  V  is  shorter  and  narrower  than  the  anterior. 

The  female  sacrum  is  proportionately  broader  than  the  male.  Its  curves  are 
liable  to  great  individual  variation,  though  the  absolute  depth  of  the  curve  is  less 
than  in  the  male. 

Variations. — Tlie  number  of  sacral  segments  may  be  increased  to  six  or  reduced  to  four  (see 
p.  87).  Transition  forms  are  occasionally  met  \\'itli  in  which  the  first  sacral  segment  displays 
on  one  side  purely  sacral  characters,  i.e.  it  articulates  with  the  innominate  bone,  whilst  on  the 
oj)posite  side  it  may  present  all  the  features  of  a  lumljar  vertebra.  Tlirough  deficiency  in  the 
development  of  the  laminae,  the  neural  canal  may  be  exposed  throughout  its  entire  length,  or 
to  a  greater  extent  than  is  normally  the  case.  (Paterson,  lioij.  Dublin  Soc.  Scientific  Trans. 
vol.  V.    Series  II.) 

Coccyx. 

The  coccyx  consists  of  four — sometimes  five,  less  frequently  three — rudimentary 
vertebrai,  wliich  tend  to  become  fused.    The  first  piece  is  larger  than  the  others ;  it 

I,  has  an  oval  hollow  facet 

I  on   its   upper  surface, 

which  articulates  with 
the  body  of  the  last 
sacral  segment.  Pos- 
teriorly, two  processes, 
cornua  coccygea,  which 
lie  in  series  with  the 
articular  processes  of 
the  sacrum,  extend  up- 
wards and  unite  with 
the  sacral  cornua,  thus 
bridging  over  the  notch 
for  tlie  exit  of  the  fifth 
sacral  nerve,  and  con- 
verting it  into  a  fora- 
men, the  last  of  the 
intervertebral  series. 
From  the  outer  side  of  the  body  projects  a  rudimentary  transverse  process  which 
may,  or  may  n6t,  unite  with  the  sacrum  close  to  tlie  lower  lateral  angle ;  in  the 
latter  case  a  fifth  anterior  sacral  foramen  is  enclosed.  Inferiorly,  the  body  of  the 
bone  artictdates  with  the  succeeding  vertebra.  The  second  coccygeal  vertebra 
displays  slight  traces  of  a  transverse  process  and  the  rudiments  of  pedicles.  The 
following  segments  are  mere  rounded  or  oval-shaped  nodules  of  bone. 

Fusion  between  the  lower  elements  occurs  normally  in  middle  life,  whilst  union  between 
the  first  and  second  segments  occurs  somewhat  later.  It  is  not  luiusual,  however,  to  find 
that  the  first  coccygeal  vertebra  remains  separate  from  the  others.  Though  very  vai'iable,  as 
a  rule,  fusion  occurs  more  commonly  in  the  male,  and  at  an  earlier  age  than  in  the  female. 

From  the  posterior  surface  of  the  coccyx  the  gluteus  nuiximus  arises.  To  its 
external  borders  are  attached  the  eoccygei  and  levatores  ani  muscles,  and  from  its. 
tip  spring  the  fibres  of  the  sphincter  ani. 


Fig.  64. — The  Coccyx. 
A.  Posterior  Surface.    B.  Anterior  Surface. 
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2.  Transverse  proces.s, 


3.  Sacrum. 

4.  Cornu. 


5.  Sacrum. 

6.  Cornu. 
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VERTEBRAL  COLUMN  AS  A  WHOLE. 

When  all  the  vertebrae  are  articulated  together,  the  resulting  column  displays 
certain  characteristic  features.  The  division  of  the  column  into  a  true  or  movable 
part,  comprising  the  members  of  the  cervical,  thoracic, 
and  lumbar  series,  and  a  false  or  fixed  portion,  in- 
cluding the  sacrum  and  coccyx,  can  now  be  readily 
recognised.  The  vertebrae  are  so  disposed  that  the 
centra  or  bodies  form  an  interrupted  column  of  solid 
parts  in  front,  which  constitutes  the  axis  of  support 
for  the  head  and  trunk ;  whilst  the  neural  arches 
behind  form  a  canal  for  the  lodgment  and  protection 
of  the  spinal  cord  and  its  membranes.  In  the 
movable  part  of  the  column  both  the  anterior  sup- 
porting axis  and  the  neural  canal  are  liable  to 
changes  in  their  direction  owing  to  the  movements  of 
the  head  and  trunk.  Like  the  bodies  and  neural 
arches  the  spinous  and  transverse  processes  are  also 
superposed,  and  fall  in  line,  forming  three  series  of 
interrupted  ridges — one  (the  spinous)  placed  centrally, 
the  others  (the  transverse)  placed  laterally.  In  this 
way  two  vertebral  grooves  are  formed  which  lie 
between  the  central  and  lateral  ridges.  The  floor  of 
each  groove  is  formed  by  the  laminae  and  articular 
processes,  and  in  these  grooves  are  lodged  the  muscles 
which  serve  to  support  and  control  the  movements 
of  the  column. 

Further,  the  column  so  constituted  is  seen  to 
display  certain  curves  in  an  antero-posterior  direction. 
These  curves  are,  of  course,  subject  to  very  great 
variation  according  to  the  position  of  the  trunk  and 
head,  and  can  only  be  satisfactorily  studied  in  a 
fresh  specimen;  but  if  care  be  exercised  in  the 
articulation  of  the  vertebrae,  the  following  character- 
istic features  may  be  observed,  assuming,  of  course, 
that  the  column  is  erect  and  the  head  so  placed  that 
the  axis  of  vision  is  directed  towards  the  horizon. 
There  is  a  forward  curve  in  the  cervical  region, 
which  gradually  merges  with  the  backward  thoracic 
curve ;  this  becomes  continuous  below  with  an 
anterior  convexity  in  the  lumbar  region,  which  ends 
more  or  less  abruptly  at  the  union  of  the  fifth 
lumbar  with  the  first  sacral  vertebra,  where  the 
sacrum  slopes  suddenly  backwards,  causing  the 
column  to  form  a  marked  projection — the  sacro- 
vertebral  angle.  Below  this,  the  anterior  concavity 
of  the  front  of  the  sacrum  is  directed  downwards  as 
well  as  forwards.  Of  these  four  curves,  two — the 
thoracic  and  sacral — are  primary,  they  alone  exist 
during  foetal  life;  whilst  the  cervical  and  lumbar 
forward  curves  only  make  their  appearance  after 
birth^ — the  former  being  associated  with  the  extension 
and  elevation  of  the  head,  whilst  the  latter  is  de- 
veloped in  connexion  with  the  use  of  the  hind  limb 
in  the  hyper  -  extended  position,  which  in  man  is 
correlated  with  the  assumption  of  the  erect  posture ; 
this  curve,  therefore,  only  appears  after  the  child  has 

begim  to  walk.  For  these  reasons  the  cervical  and  lumbar  curves  are  described 
as  secondary  and  compensatory. 


Fig.  65. — Vertebral  Coldmn 
FROM  THE  Left  Side. 
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ISTot  infrequently  there  is  a  slight  lateral  curvature  in  the  dorsal  region,  the 
convexity  of  the  curve  being  usually  directed  towards  the  right  side.  This  may  be 
associated  with  a  greater  use  of  the  muscles  of  the  right 
upper  limb,  or  may  depend  on  the  pressure  exercised  by 
the  upper  part  of  the  thoracic  aorta  on  the  vertebrae  of  the 
dorsal  region,  thus  causing  a  slight  lateral  displacement. 
Abo^'e  and  below  this  curve  there  are  slight  compensatory 
curves  in  the  opposite  direction.  , 

The  line  which  unites  the  tips  of  the  spines  is  not  a 
repetition  of  the  curves  formed  by  the  bodies.  This  is  due 
to  the  fact  that  the  length  and  direction  of  the  spines  vary 
much  in  different  regions ;  thus  in  the  neck,  with  the  ex- 
ception of  the  second,  sixth,  and  seventh,  the  spines  are  all 
short  (absent  in  the  case  of  the  atlas).  In  the  thoracic  region 
the  .spines,  though  long,  are  obliquely  placed — a  circumstance 
wliich  much  reduces  their  prominence ;  that  of  the  seventh 
thoracic  vertebra  is  usually  the  longest  and  most  slanting. 
Below  this  point  the  length  of  the  spines  gradually  decreases, 
and  tlieir  position  more  nearly  approaches  the  horizontal. 
In  the  loins,  the  spines  have  all  a  slight  downward  direction. 

Taken  as  a  wliole,  the  spines  of  the  movable  vertebrte  in  man 
haA'e  a  downward  indination — a  character  which  lie  sliares  with  the 
anthrojjoid  ajjes,  and  a  few  other  animals.  This  character  serves  to 
distinguish  his  column  from  those  of  lower  mammals  in  which  the 
spines  of  the  lumbar  vertebrne  are  directed  headwards  towards  the 
"  centre  of  moticm,"  which  is  usually  situated  near  the  hinder  ex- 
tremity of  the  thorax,  where  a  vertebra  is  placed  the  direction  of 
whose  spine  is  vertical ;  this  vertebra  is  often  referred  to  as  the 
anticlinal  vertebra. 

The  spines  of  the  upper  three  or  four  sacral  vertebraj 
form  an  osseous  ridge  with  interrupted  tul:)ercles.  The  ridge 
formed  by  the  vertebral  spines  is  an  important  determinant 
of  the  surface  form,  as  it  corresponds  to  the  median  furrow 
of  the  back,  and  here  the  individual  spines  may  be  felt  and 
counted  from  the  seventh  cervical  down  to  the  sacral  region. 
This  is  best  done  when  the  back  is  well  bent  forwards. 

As  viewed  from  the  front,  the  vertebral  bodies  increase 
in  width  from  the  second  cervical  to  the  first  thoracic ; 
thence  a  reduction  in  breadth  takes  place  to  the  level  of 
the  fourth  thoracic,  below  which  there  is  a  gradual  increase 
in  their  transverse  diameters  until  the  sacrum  is  reached. 
Here  a  rapid  reduction  in  width  takes  place,  terminating 
inferiorly  in  the  nodules  of  the  coccyx. 

Tlie  transverse  processes  of  the  atlas  are  wide  and  out- 
standing. The  succeeding  four  cervical  vertebrae  have 
transverse  processes  of  nearly  equal  width ;  the  seventh, 
however,  displays  a  marked  increase  in  its  transverse 
I  diameter,  and  is  about  equal  in  widtli  to  the  first  thoracic 
vertebra.  Below  this  a  gradual  and  regular  diminution  in 
widtli  characterises  the  transverse  processes  of  the  thoracic 
vertebrae,  until  in  the  case  of  the  eleventh  and  twelfth  they 
are  merely  represented  by  the  small  external  tubercles.  In 
tlie  lumbar  region  the  transverse  processes  again  appear 
Fio.66.-VERTEDHALCoLUMx"^it«tandiiig,  and  of  nearly  equal  length. 

AS  SEEN  FROM  BEHIND.  Tlic  tiausversc  diameter  of  the  lateral  mass  of  tlie  nrst 

sacral  vertebra  forms  the  widest  part  of  the  column.  Below 
this  a  decrease  in  width  occurs  until  the  level  of  the  third  sacral  segment  is  reached, 
at  which  point  the  transverse  diameter  is  somewhat  abruptly  diminished,  a  reduction 
ill  width  which  is  further  suddenly  accentuated  opposite  the  fifth  sacral  segment. 
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As  viewed  from  the  side,  the  bodies  display  a  gradual  increase  in  their  antero- 
posterior width  until  the  second  lumbar  vertebra  is  reached,  below  which  this 
diameter  is  slightly  reduced.  In  the  sacral  region  the  reduction  in  this  diameter  is 
great  in  the  first  and  second  sacral  segments,  more  gradual  and  less  marked  in  the 
last  three  segments. 

The  facets  for  the  heads  of  the  ribs  in  the  upper  thoracic  region  lie  on  the  sides 
of  the  bodies ;  those  for  the  tenth,  eleventh,  and  twelfth  are  placed  further  back  on 
the  pedicles. 

The  intervertebral  foramina  increase  in  size  from  above  downwards  on  the 
movable  part  of  the  column,  being  largest  in  the  lumbar  region.  In  the  sacral 
region  they  decrease  in  size  from  above  downwards.  In  the  cervical  region  the 
two  highest  cervical  nerves  pass  out  behind  the  articular  processes  of  the  atlas  and 
axis,  and  lie,  therefore,  behind  the  corresponding  transverse  processes  of  these 
A'-ertebrse.  The  succeeding  cervical  nerves  pass  out  through  the  intervertebral 
foramina  which  are  placed  between  the  transverse  processes  and  in  front  of  the 
articular  processes.  In  the  thoracic  and  lumbar  vertebrae  the  intervertebral 
foramina  lie  in  front  of  both  the  articular  and  transverse  processes.  The  arrange- 
ment of  these  foramina  in  the  sacrum  has  been  already  sufficiently  explained. 

The  neural  canal  for  the  lodgment  of  the  spinal  cord  and  its  meninges  is  largest 
in  the  cervical  and  lumbar  regions,  in  both  of  which  it  assumes  a  triangular  form ; 
whilst  it  is  narrow  and  circular  in  the  thoracic  region.  These  facts  are  correlated 
with  the  movements  of  the  column  which  are  most  free  in  those  regions  where  the 
canal  is  largest,  i.e.  the  neck  and  loins. 

The  average  length  of  the  vertebral  cokimn  is  from  70  to  73  centimetres,  or  from 
27-|  to  28|  inches.  Of  this  the  cervical  part  measures  from  13  to  14  cm. ;  the  thoracic, 
27  to  29  cm. ;  lumbar,  17  to  18  cm.  ;  atad  the  sacro-coccjgeal,  12  to  15  cm.  The  individual 
differences  in  the  length  of  the  column  are  less  than  one  might  expect,  the  variation  in 
height  of  different  individuals  being  ofteti  largely  dependent  on  the  length  of  the  lower 
limbs.  In  the  female  the  average  length  of  the  column  is  about  60  centimetres,  or  23f 
inches,  and  the  curve  in  the  lumbar  region  is  usually  more  pronounced. 

Architecture. — The  vertebrae  are  formed  of  spongy  bone  confined  within  a  thin  and  dense 
envelope.  In  the  Lodies  the  arrangement  of  the  cancellous  tissue,  which  is  traversed  by  venous 
channels,  is  such  as  to  display  a  vertical  striation  with  lamellfe  arranged  horizontally.  The 
external,  superior,  and  inferior  walls  are  very  thin — that  directed  to  the  neural  canal  being 
usually  thicker  and  denser  than  the  others.  In  the  pedicles  and  roots  of  the  transverse  processes 
the  cancellous  tissue  is  much  more  open.  The  outer  envelope  is  much  thicker  where  it  hounds  the 
neural  ring,  and  where  it  forms  the  bottom  of  the  superior  and  inferior  intervertebral  notches.  In 
the  laminae  the  spongy  tissue  is  confined  between  two  compact  layers,  of  which  that  directed  to  the 
spinal  canal  is  the  thicker.    In  the  spinou*  processes  the  upper  edge  is  always  the  more  compact. 

Variations. — Numerical  Variations  of  the  Column  as  a  Whole. — Increase  in  the  number  of 
vertebral  segments  is  usually  due  to  differences  in  the  numlier  of  the  coccygeal  vertebrte  ;  these 
may  vary  from  four — which  may  be  regarded  as  the  normal  number — to  six.  The  numlier  of 
presacral  or  movable  vertebrae  is  normally  24  (7  C,  12  D,  and  5  L).  This  number  may  be  in- 
creased by  the  intercalation  of  a  segment  either  in  the  thoracic  or  lumbar  region  without  any 
alteration  in  the  number  of  the  sacral  or  coccygeal  elements  :  thus  we  may  have  7  C,  13  D,  and 
5  L,  or  7  C,  12  D,  and  6  L,  or  may  be  reduced  by  the  disappearance  of  a  vertebral  segment — thus, 
7  C,  12  D,  and  4  L.  Such  an  arrangement  presupposes  developmental  errors  either  of  excess  or 
default  in  the  segmentation  of  the  column.  On  the  other  hand,  the  total  number  of  vertebral 
segments  remaining  the  same  (24  or  25),  we  may  have  variations  in  the  number  of  those  assigned 
to  different  regions  due  to  the  addition  of  a  vertebral  segment  to  one,  and  its  consequent  sub- 
traction from  another  region.  Thus,  in  the  24  presacral  vertebrse,  in  cases  of  the  occurrence  of 
cervical  ribs  the  formula  is  rearranged  thus — 6  C,  13  D,  and  5  L,  or,  in  the  case  of  a  thirteenth 
rib  being  present,  the  formula  would  be  7  C,  13  D,  4  L,  as  happens  normally  in  the  gorilla  and 
chimpanzee.  Similarly,  the  number  of  the  presacral  vertebrae  (24)  may  be  increased  by  the 
withdrawal  of  a  segment  from  the  sacral  region — 7  C,  12  D,  6  L,  and  4  S — or  diminished  by  an 
increase  in  the  number  of  the  sacral  vertebrae,  as  in  the  formula  7  C,  12  D,  4  L,  and  6  S.  In- 
crease in  the  number  of  sacral  segments  may  be  due  to  fusion  with  a  lumbar  vertebras,  or  by  the 
addition  of  a  coccygeal  element :  the  latter  is  more  frequently  the  case.  This  variability  in  the 
constitution  of  the  sacrum  is  necessarily  correlated  with  a  shifting  backwards  and  forwards  of 
the  pelvic  girdle  along  the  vertebral  column.  Rosenburg  considers  that  the  26th,  27th,  and  28th 
vertebrae  are  the  primitive  sacral  segments,  and  that  the  sacral  characters  of  the  25th  vertebrte 
(the  first  sacral  segment  in  the  normal  adult  column)  are  only  secondarily  acquired.  He  thus 
supposes  that  during  development  there  is  a  forward  shifting  of  the  sacrum  and  pelvic  girdle, 
with  a  consequent  reduction  in  the  length  of  the  presacral  portion  of  the  column.  This  view  is 
opposed  by  Paterson  {Eoy.  Dublin  Soc.  Scientific  Trans,  vol.  v.  Ser.  II.),  who  found  that  ossification 
took  j)lace  in  the  alae  of  the  25th  vertebra  (first  adult  sacral  segment)  before  it  made  its  appear- 
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ance  in  the  alae  of  the  26th  vertebra.  He  thus  assumes  that  the  a\(e  of  the  25th  vertebra  may 
be  regarded  as  the  main  and  j)rimary  attachment  with  the  ilium.  His  conclusions,  based  on  a 
large  number  of  oliservations,  are  at  variance  with  Rosenburg's  views,  for,  according  to  his  opinion, 
liberation  of  the  tirst  sacral  segment  is  more  common  than  assimilation  with  the  fifth  lumliar 
vertebra,  and  assimilation  of  the  first  coccygeal  vertebra  with  the  sacrum  is  more  common  than 
liberation  of  the  fifth  sacral,  thus  leading  to  the  inference  that  the  sacrum  tends  to  shift  back- 
wards more  often  than  forwards. 

Ossification  of  the  Vertebrae. — The  vertebrae  are  developed  by  ossification  of 
the  cartilage  which  surrounds  the  notochord  and  which  passes  backwards  over  the  sides  of 
the  neural  canal.  The  centres  for  the  bodies  first  appear  in  the 
lower  thoracic  vertebrfe  about  the  tenth  week.  An  oval  nucleus 
develops  in  each  body.  At  first  it  is  placed  dorsal  to  the  noto- 
choi'd,  but  subsequently  surrounds  and  causes  the  disappearance 
of  that  structure.  Occasionally,  however,  the  primitive  centre 
appears  to  be  formed  by  the  coalescence  of  two  primary  nuclei. 
Support  is  given  to  this  view  by  the  occasional  occurrence  of 
vertebra)  in  which  the  body  is  developed  in  two  lateral  halves, 
or  in  cases  whei'e  only  one-half  of  the  body  persists  (Turner)  ; 
normally,  however,  it  is  impossible  to  make  out  this  division.  From 
these  single  nuclei  the  bodies  are  developed,  the  process  extending 
up  and  down  the  column  until,  by  the  fifth  month,  all  the  centra  jjossess  ossific  deposits, 
except  the  coccygeal  segments.    About  the  seventh  week  a  single  centre  apj^ears  in  the 
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Fig.  67. — Ossification 
OF  Vertebh.e. 


Fig.  68. — Ossification  of  Vektebr.e. 


Cervical  vertebra. 

1.  Centre  for  body. 

2.  Superior  epiphysial  plate. 

■3.  Anterior  bar  of  transverse  process  developed  by 

lateral  extension  from  pedicle. 
4.  Neuro-central  synchondrosis. 
h.  Inferior  epiphysial  plate. 

Lumbar  certebra. 

6.  Body. 

7.  Superior  epiphysial  plate. 

8.  Ejiiphysis  for  niammillary  process. 

9.  Epiphysis  for  transverse  process. 

10.  Epiphysis  for  spine. 

11.  Xeiiro-central  synchondrosis. 

12.  Inferior  epiphysial  plate. 

horsal  vertebra. 
Centre  for  body. 

Superior  epiphysial  plate,  appears  about  puberty  ; 

unites  at  25th  year. 
Neuro-central  synchondrosis  does  not  ossify  till 

5th  or  6th  year.  , 
Appears  at  puberty  ;  unites  at  25th  year. 

17.  Ajipears  at  puberty  ;  unites  at  25th  year. 

18.  Appears  about  6th  week. 

Axis. 

19.  Centre  for  transverse  process  and  neural  arch  ; 


20.  Synchondroses  close  about  3rd  year. 

21.  Centre  for  summit  of  odontoid  process  ;  appears 

■3rd  to  5th  year,  fuses  8th  to  12th  year. 

22.  Ajipears  about  5th  or  6th  month  ;  unites  with 

opposite  side  7th  to  8th  month. 

23.  Synchondrosis  closes  from  4th  to  6tli  year. 

24.  Inferior  epiphysial  plate  ;  appears  about  puberty, 

luiites  about  25th  year. 

25.  Single  or  double  centre  for  body  ;  appears  about 

5th  month. 

A  this. 

26.  Posterior  arch  and  lateral  masses  developed  from 

a  single  centre  on  either  side,  which  appears 
about  7th  week. 

27.  Anterior  arch  and  portion  of  superior  articular 

surface  developed  from  single  or  double  centre, 
appearing  during  1st  year. 

Dorsal  vertebra. 

28.  Epiphysis  for  transverse  process  ;  appears  about 

puberty,  unites  about  25th  year. 

29.  Epiphysis  appears  about  puberty  ;  unites  about 

25th  or  27th  year. 

30.  Centre  for  body  on  either  side  of  neural  arch  ; 

appears  about  6th  or  7th  week,  the  laniinse  unite 
from  birth  to  15th  month. 

31.  Centre  for  body  ;  ai)pears  about  6th  week,  unites 
with  neural  arch  from  5th  to  6th  year. 


appears  about  8th  month. 

neural  arch  on  either  side.  These  commence  first  to  ossify  in  the  upper  cervical  region 
and  extend  rapidly  downwards  througliout  the  column.    They  first  appear  near  the  bases 
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of  the  superior  articular  processes,  aud  extend  backwards  into  the  lamina;,  outwards  into 
the  transverse  processes,  and  forwards  into  the  pedicles.  These  latter  project  anteriorly, 
and  form  a  considerable  portion  of  the  postero-lateral  aspects  of  the  body,  from  which, 
however,  they  are  separated  by  a  cartilaginous  strip — the  neuro-central  synchondrosis — 
which  does  not  entirely  disappear  until  about  the  fifth  or  sixth  year.  It  is  important  to 
note  that  in  the  thoracic  region  the  costal  facets  lie  behind  the  neuro-central  synchondrosis, 
and  are  therefore  borne  on  the  lateral  aspects  of  the  pedicles.  Fusion  of  the  laminae  in  the 
mesial  plane  behind  begins,  after  birth,  in  the  lumbar  region  and  extends  upwards,  so 
that  by  the  fifteenth  month  or  thereabouts  the  arches  in  the  cervical  region  are  com- 
pleted behind.  In  the  sacral  region  ossification  is  slower,  the  spinal  canal  not  being 
enclosed  till  the  seventh  to  the  tenth  year.  The  spinous  processes  are  cartilaginous  at 
birth,  but  these  become  ossified  by  the  extension  into  them  of  the  bony  laminae. 

At  puberty  certain  secondary  centres  or  epiphyses  make  their  appearance  ;  these  are 
five  in  number.  One  caps  the  summit  of  the  spinous  process,  except  in  the  cervical 
region.  A  single  epiphysis  on  either  side  appears  at  the  extremity  of  the  transverse 
process,  and  in  the  thoracic  region  assists  in  forming  the  articular  surface  for  the  tubercle 
of  the  rib.  Two  epiphysial  plates  are  formed — one  for  the  upper,  and  the  second  for  the 
lower  sm-face  of  the  body,  including  also  that  part  which  lies  behind  the  neuro-central 
synchondrosis  and  formed  by  the  pedicle ;  from  these  the  thickened  circumference  of  both 
upper  and  lower  aspects  of  the  body  are  derived.  Fusion  of  these  centres  with  the  rest 
of  the  bone  is  not  complete  till  the  twenty-fifth  year. 

In  the  cervical  region  independent  centres  are  described  as  occurring  in  the  anterior 
roots  of  the  transverse  processes  of  the  sixth  and  seventh  vertebrae.  These  correspond  to 
the  costal  element,  and  may  occasionally  persist  in  the  form  of  cervical  ribs.  Elsewhere 
they  are  formed  by  lateral  extensions  from  the  pedicle. 

In  the  lumbar  region  the  transverse  process  of  the  first  lumbar  vertebra  is  occasionally 
associated  with  an  independent  costal  centre,  which  may  blend  with  it,  or  persist  as  a 
lumbar  rib.  The  mammillary  processes  are  derived  from  sepai-ate  epiphyses.  The  neural 
arch  of  the  fifth  lumbar  vertebra  is  occasionally  developed  from  two  centres  on  either  side, 
as  is  demonstrated  by  the  fact  that  the  arch  is  sometimes  divided  by  a  synchondrodial 
joint  running  obliquely  across  between  the  superior  and  inferior  articular  processes  on 
either  side.  (See  ante,  p.  81  ;  also  Fot-tschritte  auf  dem  Gehiete  der  Rdntgenstrahlen. 
Erganzungsheft  i.  ;  "  die  Entwickelung  des  menschlichen  Knochengeriistes  wahrend  des 
fotalen  Lebens,"  von  Lambertz.) 

Atlas. — The  lateral  masses  and  posterior  arch  are  developed  from  two  centres — one  on 
either  side — which  correspond  with  the  centres  from  which  the  neui'al  arches  of  the  other 
members  of  the  series  are  developed.  These  make  their  appearance  about  the  seventh 
week,  and  do  not  unite  posteriorly  till  after  the  third  year.  Their  point  of  union  is 
sometimes  preceded  by  the  formation  of  a  distinct  spinal  nucleus  (Quain).  The  anterior 
arch  is  developed  from  centres  variously  described  as  single  or  double,  which  appear  in 
one  of  the  hypochordal  arches  of  cartilage  described  by  Froriep  {Arch.  f.  Anat.  u. 
Physiol.,  Anat.  Abth.  1886)  which  here  persists.  In  this  cartilage,  ossification  commences 
during  the  first  year  of  life.  Union  with  the  lateral  masses  is  delayed  till  six  or  eight 
3^ears  after  birth.  The  external  extremities  of  the  anterior  arch  assist  in  forming  the  fore 
part  of  the  supei'ior  articular  processes. 

The  Axis  ossifies  from  five  primitive  centres.  Of  these,  two — one  on  either  side — 
appear  about  the  seventh  week,  and  form  the  articular  and  transverse  processes,  together 
with  the  laminae  and  spine.  One,  or  it  maybe  two,  nuclei  appear  in  the  lower  part  of  the 
body  about  the  fifth  month.  The  upper  part  of  the  body,  including  a  small  part  of  the 
superior  ai-ticular  process,  and  the  base  of  the  odontoid  process,  are  developed  from  two 
laterally-placed  nuclei  which  appear  shortly  after,  and  fuse  together  at  the  seventh  or 
eighth  month,  so  that  at  birth  the  bone  consists  of  four  pieces.  Fusion  between  these 
parts  takes  place  in  the  following  order  : — The  odontoid  unites  with  the  body  and  lateral 
parts  about  the  third  or  fourth  year ;  union  between  the  two  lateral  portions  posteriorly 
and  the  body  and  lateral  parts  in  front,  is  complete  at  from  four  to  six  years. 

The  summit  of  the  odontoid  process  is  developed  from  a  separate  centre,  occasionally 
double,  which  appears  from  the  third  to  the  fifth  year,  and  fuses  with  the  rest  of  the  bone 
from  the  eighth  t6  the  twelfth  year.  About  puberty  an  annular  epiphysis  is  developed  on 
the  under  surface  of  the  body,  with  which  it  is  completely  united  during  the  twentieth  to 
the  twenty-fifth  year.  Some  authorities  state  that  a  few  granules  between  the  base  of  the 
odontoid  and  the  upper  surface  of  the  body  represent  the  superior  epiphysial  plate ;  but 
as  fusion  between  the  odontoid  and  the  body  occurs  before  the  time  for  the  appearance  of 
these  secondary  epiphysial  plates,  this  can  hardly  be  regarded  as  correct.    The  line  of 
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Fig.  69. — Ossification  of  Sacrum. 

a  a.  Centres  for  bodies  ;  b.h.  Epipliysial 
plates  on  bodies  ;  c.c.  Centres  for  co.stal 
elements  ;  d.d.  Centres  for  neural  arches; 
e.e.  Lateral  epiphyses. 


developed. 


fusion  of  the  odontoid  with  the  body  is  defined  by  a  small  disc  of  cartilage  which  jjersists 
within  the  substance  of  the  bone  till  an  advanced  period  of  life. 

A  pair  of  epiphyses  placed  over  the  tubercles  of  the  spine,  if  not  always  present,  are 
at  least  frequent. 

Sacrum. — Each  of  the  sacral  segments  is  ossified  from  three  centres  :  one  for  the 
body,  and  two  for  the  neural  arch — that  for  the  body,  which  makes  its  appearance  in  the 

first  three  sacral  vertebrte 
about  the  end  of  the  third 
month,  about  the  fifth  to  the 
eighth  month  for  the  last 
two  segments.  From  the  two 
centres  for  the  neural  arches, 
which  make  their  appearance 
about  the  fifth  or  sixth  month 
in  the  higher  segments,  the 
laminte,  articular  processes, 
and  the  posterior  half  of 
the  alse  on  either  side  ai'e 
The  spinal  canal  is  not  enclosed  till  the  seventh  to  the  tenth  year,  the 
laminre  usually  failing  to  meet  in  the  lowest  segment,  and  occasionally,  to  a  greater  or 
less  extent,  in  some  of  the  higher  segments.  The  anterior  part  of  the  lateral  masses  is 
developed  from  separate  centres  which  represent  the  costal  elements  (Gegenbauer).  These 
appear  about  the  sixth  to  the  eighth  month,  and  may  develop  in  I'elation  to  the  u])per 
four  sacral  segments ;  more  usually  they  are  met  with  in  connexion  with  the  first  three, 
and  exceptionally  they  may  be  found  only  in  the  upper  two.  It  is  by  fusion  of  these 
with  the  posterior  arches  that  the  lateral  masses  which  support  the  innominate  bones 
are  formed.  The  costal  elements  fuse  about  the  second  to  the  fiftli  year  with  the  neural 
arches,  prior  to  their  union  with  the  centra ;  and  the  segments  of  the  lateral  masses  unite 
with  each  other  sooner  than  the  union  of  the  bodies  is  effected.  The  latter  only  takes 
place  after  puberty  by  the  fusion  of  the  epiphysial  plates,  a  pair  of  which  make  their 
appearance  between  the  centra  of  each  segment.  The  lower  segments  begin  to  unite 
together  about  the  eighteenth  year,  but  fusion  between  the  first  and  second  sacral  verte- 
bras is  not  completed  till  the  twenty-fifth  year  or  after.  In  addition  to  the  foregoing,  two- 
thin  osseous  lamina;  are  developed  in  the  cartilage  covering  the  outer  surface  of  the  alar 
mass.  The  upper  of  these  overspreads  the  auricular  surface,  whilst  the  lower  forms  the 
sharp  edge  below.  The  extremities  of  the  tipper  spinous  processes  are  occasionally 
developed  from  independent  epiplwses.  On  making  a  mesial  section  of  an  adult  bone 
the  persistence  of  the  intervertebral  discs  between  the  centra  is  indicated  by  a  series  of 
oval  cavities. 

Coccygeal  Vertebrae. — These  are  cartilaginous  at  birth.  Each  has  a  separate 
centre ;  the  first  appears  from  the  first  to  the  fourth  year,  the  second  from  the  sixth  to- 
the  tenth  year,  the  third  and  fourth  segments  at  or  about  puberty.  Secondary  centres, 
for  the  coccygeal  cornua  and  epiphysial  plates  for  the  bodies  are  also  described.  Fusion 
of  the  various  segments  begins  below  and  proceeds  upwards,  but  is  liable  to  gi'eat  indi- 
vidual variation.    In  advanced  life  the  coccyx  is  often  ossified  to  the  sacrum. 


SERIAL  HOMOLOGIES  OF  THE  VERTEBRAE. 

It  is  a  self-evident  fact  that  the  vertebral  column  consists  of  a  number  of  segments  or  verte- 
bne  all  possessing  some  characters  in  common.  These  vertehrre  or  segments  undergo  luodifications 
according  to  the  region  they  occupy  and  the  functions  tliey  are  called  upon  to  serve,  so  that 
their  corresiwndeuce  and  identity  is  thereby  obscured.  There  is  no  difficulty  in  recognising  the 
correspondence  of  the  bodies  and  neural  arches  throughout  the  column.  According  to  some 
anatomists  the  neural  arch  is  the  more  primitive  element  in  the  formation  of  a  vertebra,  whilst 
others  liold  that  the  centra  are  the  foundation  of  the  column.  Be  that  as  it  may,  we  find  that  in 
the  higher  vertebrates,  at  least,  the  bodies  are  the  jjarts  which  most  persist.  They  are,  however, 
subject  to  modifications  dependent  on  their  fusion  with  one  another.  This  occurs  in  the  cervical 
2)art  of  the  column  where  the  centrum  of  the  first  cervical  or  atlas  vertebra  has  for  functional 
reasons  become  fused  with  the  body  of  the  second  or  axis  vertebra  to  form  the  odontoid  process 
of  that  segment.  For  similar  reason.s,  and  in  association  with  the  union  of  the  girdle  of  tlie 
hind-limb  with  the  column,  the  bodies  of  the  vertebrre  which  corre.sjwnd  to  the  sacral  .segment 
become  fused  together  to  form  a  solid  mass.  In  the  terminal  jjortion  of  the  caudal  region 
the  centra  alone  represent  the  vertebral  segments. 

As  regards  the  neural  arch,  this  in  man  becf)mes  deficient  in  the  lower  sacral  region,  and  absent 
altogether  in  the  lo^^■er  coccygeal  segments.    The  spinous  jjrocesses  are  ab.sent  in  the  case  of  the 
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first  cervical,  lower  sacral,  and  all  the  coccygeal  vertebrae,  and  display  characteristic  differences 
in  the  cervical,  thoracic,  and  lumbar  regions,  which  have  been  already  described.  The  articular 
processes  (zygapophyses)  are  secondary  devehjijments,  and  displaj^  great  diversity  of  form,  deter- 
mined by  their  functional  requirements.  It  is  noteworthy  that,  in  the  case  of  the  upper  two 
cervical  vertebriB,  they  are  so  disposed  as  to  lie  in  front  of  the  foramina  of  exit  of  the  up^^er 
two  spinal  nerves,  and  by  this  arrangement  the  weight  of  the  head  is  transmitted  to  the  solid 
column  formed  by  the  vertebral  )>odies,  and  not  on  to  the  series  of  neural  arches.  It  is  in 
regard  to  the  homology  of  the  transverse  processes,  so  called,  that  most  difiiculty  arises.  In  the 
thoracic  region  they  can  best  be  studied  in  their  simi^lest  form  ;  here  the  ribs — which  Gegenbauer 
regards  as  a  differentiation  from  the  inferior  or  haemal  arches,  in  opposition  to  the  vie-w  advanced 
by  others  that  they  are  a  secondary  development  from  the  filarous  intermuscular  septa — articulate 
with  the  transverse  processes  and  bodies  of  the  thoracic  vertebrte  through  the  agency  of  the 
tubercular  (diapophysi-s)  and  capitular  (parapopliysis)  processes  res2:)ectively,  the  latter  being 
placed,  strictly  speaking,  on  the  neural  arch  behind  the  line  of  the  neuro-central  synchondrosis. 

An  interval  is  thus  left  between  the  neck  of  the  rib  and  the  front  of  the  transverse  process  ; 
this  forms  an  arterial  j^assage  which  corresponds  to  the  vertebrarterial  canal  in  the  transverse 
jDrocesses  of  the  cervical  vertebrte,  the  anterior  bar  of  which  is  homologous  with  the  head  and 
tubercle  of  the  thoracic  rib,  whilst  the  posterior  part  lies  in  series  with  the  thoracic  transverse 
jDrocess.  These  homologies  are  further  emphasised  by  the  fact  that  in  the  case  of  the  seventh 
cervical  vertebra  the  anterior  limb  of  the  so-called  transverse  process  is  developed  from  an 
iridependent  ossific  centre,  which  occasionally  persists  in  an  independent  form  as  a  cervical  rib. 

In  the  lumbar  region  the  external  or  transverse  process  is  serially  homologous  with  the 
thoracic  ribs,  though  here,  owing  to  the  coalescence  of  the  contiguous  parts,  there  is  no  arterial 
channel  between  the  rib  element  and  the  true  transverse  process,  which  is  represented  by  the 
accessory  processes  (anapophysis),  placed  poi^teriorly  at  the  root  of  the  so-called  transverse 
process  of  human  anatomy.  Support  is  givefi  to  this  view  by  the  presence  of  a  distinct  costal 
element  in  connexion  with  the  transverse  process  of  the  first  lumbar  vertebra,  which  accounts 
for  the  occasional  formation  of  a  supernumerary  rib' in  this  region. 

In  the  sacrum  the  lateral  mass  of  the  bone  is  made  up  of  combined  transverse  and  costal 
elements,  with  no  intervening  arterial  channel.  In  the  case  of  the  upjjer  three  sacral  segments 
the  costal  elements  are  largely  developed,  assist  in  sujiporting  the  ilia,  and  are  called  the  true 
sacral  vertebra; ;  whilst  the  lower  sacral  segments,  which  are  not  in  contact  with  the  ilia,  are 
referred  to  as  the  pseudo-sacral  vertelji  fe. 

The  anterior  arch  of  the  atlas  vertebra  is,  according  to  Froriep,  developed  from  a  hypochordal 
strip  of  cartilage  (hypochordal  spange). 

THE  STERNUM. 

The  sternum  or  breast  bone  occupies  the  middle  of  the  upper  part  of  the 
thoracic  wall  anteriorly.  It  is  connected  laterally  with  the  cartilages  of  the  first 
seven  ribs,  and  supports,  superiorly,  the  clavicles.  It  consists  of  three  parts,  named 
respectively  the  manubrium  or  presternum ;  the  body  (corpus  sterni),  gladiolus  or 
mesosternum ;  and  the  ensiform  or  xiphoid  cartilage  (processus  xiphoideus)  or  the 
metasternum.  Of  these  the  body  is  formed  by  the  fusion  in  early  life  of  four 
segments  or  sternebrte. 

The  manubrium,  usually  separate  throughout  life  from  the  rest  of  the  bone, 
though  occasionally  fused  with  it,  is  of  a  flattened  triangular  form.  The  anterior 
surface,  slightly  saddle-shaped,  affords  attachment  to  the  fibres  of  the  pectoralis 
major  and  sterno-mastoid  muscles.  It  is  bounded  above  by  a  thick  border,  the  lateral 
parts  of  which  are  hollowed  out  obliquely  to  form  the  facets  (incisime  claviculares) 
for  the  sternal  ends  of  the  clavicles ;  around  the  facets,  which  have  an  upward, 
outward,  and  slightly  backward  direction,  the  bone  is  faintly  lipped.  In  the 
interval  between  these  two  facets  there  is  a  slight  notch  (incisura  jugularis)  which 
forms  the  floor  of  the  characteristic  hollow  seen  at  the  root  of  the  neck  anteriorly 
— the  suprasternal  notch,  or  pit  of  the  neck.  The  lateral  borders  are  excavated 
immediately  below  the  clavicular  facets  for  the  reception  of  the  cartilages  of  the 
first  ribs.  Below  this,  the  margin  of  the  bone  slopes  inwards,  and  is  sharp,  except 
inferiorly,  where  it  presents  a  facet  which  supports  a  part  of  the  second  costal 
cartilage.  Around  this  the  bone  is  usually  lipped  anteriorly.  The  upper  angles 
correspond  to  the  ridge  separating  the  clavicular  facets  from  the  first  costal  facets ; 
whilst  the  lower  angle,  which  may  be  regarded  as  cut  across  transversely,  forms 
the  surface  which,  is  united  by  cartilage  to  the  body  of  the  sternum.  The  anterior 
edge  of  this  surface  is  usually  prominent.  The  posterior  aspect  of  the  manubrium 
is  smoother  than  the  anterior,  is  pierced  by  numerous  foramina,  and  is  slightly 
concave  from  side  to  side  and  above  downwards.  Here  are  attached  some  of  the 
fibres  of  the  sterno-hyoid  and  sterno-thyroid  muscles. 
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Interclavicular  notch 
Clavicular  facet. 


The  body  (corpus  sterni),  usually  twice  the  length  and  from  half  to  two-thirds 
the  width  of  the  manubrium,  displays  evidence  of  its  composite  nature.  If  the 
anterior  surface,  which  is  slightly  convex  from  above  downwards,  and  faintly 
concave  from  side  to  side,  be  carefully  examined,  three  ill-marked  ridges  may  be 
seen  crossing  it  transversely ;  these  correspond  to  the  lines  of  fusion  between  the 
four  primitive  segments.  To  this  surface  of  the  bone  the  great  pectoral  muscles 
are  extensively  attached  on  either  side  of  the  middle  line.    The  lateral  borders  are 

thick  and  interrupted  at  points  corre- 

Stevno-mastoid  , .        ,      ,  i      ,  i .  i  i 

spending  to  the  transverse  lines  already 
mentioned  by  U-shaped  hollows,  the 
edges  of  which  are  more  or  less  project- 
ing. These  are  for  the  reception  of  the 
cartilages  of  the  third,  fourth,  and  fifth 
ribs.  The  upper  border  is  united  to  the 
manubrium  above,  and  forms  with  it  an 
angle  of  variable  degree — the  sternal 
angle  (angulus  sterni).  A  small  facet  is 
formed  at  the  expense  of  the  outer  ex- 
tremity of  this  border,  and  in  conjunc- 
tion with  the  facet  on  the  lower  border 
of  the  manubrium  forms  a  recess  on 
either  side,  in  line  with  the  angle,  into 
which  the  cartilage  of  the  second  rib  fits. 
The  lower  border  of  the  body  is  curved, 
and  in  the  middle  line  is  united  with 
the  xiphoid  cartilage,  whilst  on  eitlier 
side  it  is  pitted  to  receive  the  cartilages 
of  the  sixth  and  seventh  ribs,  the  latter 
being  in  part  supported  by  the  xiphoid 
cartilage.  The  middle  line  of  the  body 
of  the  sternum  anteriorly  corresponds 
to  the  floor  of  the  median  surface  furrow, 
which  runs  down  the  front  of  the  chest 
in  the  interval  between  the  two  great 
pectorals.  The  posterior  surface  is 
slightly  concave  from  above  downwards, 
and  displays  faint  indications  of  three 
transverse  lines  in  correspondence  with 
those  placed  anteriorly.  It  is  in  relation 
with  the  pleura  and  pericardium,  and 
affords  attachment  at  its  lower  extremity 
to  the  triangularis  sterni  muscle. 

The  xiphi-sternum  (processus  xiph- 
oideus)  displays  many  varieties  of  form 
and  structure.  It^s  a  pointed  process 
of  cartilage,  supported  by  a  core  of  bone 
connected  above  with  the  lower  end  of 
the  body  of  the  sternum,  and  having  its 
lower  extremity,  to  which  the  linea  alba 
is  attached,  free.  It  lies  somewhat  pos- 
terior to  the  plane  of  the  anterior  surface 
of  the  manubrium,  and  forms  a  floor  to  the  V-shaped  interval  between  the  carti- 
lages of  the  seventh  ribs.  In  this  way  a  depression  is  formed,  the  surface  hollow 
in  correspondence  with  which  is  called  the  pit  of  the  stomach  or  infrasternal 
depression.  To  the  sides  of  this  process  are  attached  the  aponeuroses  of  the 
abdominal  muscles,  whilst  posteriorly  the  fibres  of  the  diaphragm  and  triangularis 
sterni  muscles  derive  attachment  from  it.  It  remains  partly  cartilaginous  until 
middle  life,  at  which  time  it  generally  undergoes  ossification,  particularly  at  its 
upper  part,  and  becomes  fused  with  the  body.    Of  varied  form,  it  may  be  met 
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Fk;.  70. — The  Sternom  (anterior  view). 
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with  of  spatula-shape,  bifid,  circular,  pierced  in  the  centre,  or  twisted  and  deflected 
to  one  or  other  side,  or  turned  forward. 

The  sternum  as  a  whole  is  broadest  above  where  the  first  rib  cartilages  are 
attached.  It  becomes  narrow  opposite  the  second  rib  cartilages,  but  again  expands 
until  the  level  of  the  fifth  rib  cartilage  is  reached,  below  which  it  is  rapidly 
reduced  in  width  and  ends  below  in  the  pointed  xiphoid  cartilage.  Its  position  in 
the  body  is  oblique  from  above  downwards  and  forwards;  its  axis,  if  prolonged 
upwards,  would  touch  the  column  opposite  the  third  or  fourth  cervical  vertebra. 
Though  liable  to  changes  in  position  by  the  rising  and  falling  of  the  chest-wall,  its 
upper  extremity  corresponds  to  the  level  of  the  lower  border  of  the  second  dorsal 
vertelDra,  wTulst  the  lower  end  of  the  xiphoid  cartilage  usually  falls  in  line  with  the 
disc  between  the  tenth  and  eleventh  dorsal  vertebra;. 

In  women  the  sterniini  is  usually  narrower  and  shorter  than  in  men,  and  its  iDOsition  less 
oblique. 

Architecture. — It  consists  of  large-celled  spongy  bone,  which  is  highly  vascular,  and  is  con- 
tained between  two  layers  of  thin  compact  tissue. 

Ossification.  —  The  cartilaginous  sternum,  developed  from  the  fusion  mesially 
of  two  cartilaginous  bands  uniting  the  anterior  extremities  of  the  cartilages  of  the 
first  eight  ribs,  begins  to  ossify 
about  the  sixth  month  of  foetal 
life.  About  this  time  a  single 
ceirtre  appears  in  the  manu- 
brium ;  at  birth  this  is  well 
developed.  Secondary  epiphyses 
have  been  decsribed  in  connexion 
with  the  clavicular  facets ;  these 
do  not  unite  with  the  rest  of 
the  manubrium  till  adult  life 
is  reached.  The  body  formed 
by  the  fusion  of  four  segments 
is  ossified  from  independent  cen- 
tres, either  single  or  double,  for 
each  segment.  These  appear — 
the  highest  as  early  as  the  sixth 
month  of  intra -uterine  life  — 
in  some  cases  even  before  the 
manubrium  has  begun  to  ossify 
(Lambertz),  the  lowest  toward  the 
end  of  full  term.  The  common 
arrangement  met  with  at  birth 
is  a  single  centre  for  the  first, 
and  double  centres  for  each  of 
the  succeeding  segments.  Union 
between  these  segments  occurs 
rather  irregularly,  and  is  liable 
to  much  variation.  The  fourth 
unites  -with  the  third  segment  in  early  childhood,  the  third  with  the  second  about 
puberty,  whilst  the  fusion  of  the  second  with  the  first  segment  may  not  be  complete  till 
the  twentieth  or  twenty-fifth  year. 

The  xiphi-sternum  usually  ossifies  fi-om  a  single  centre,  which  may  appear  as  early  as 
the  third  year,  though  often  very  much  later.  The  xiphi-sternum  usually  unites  with  the 
body  about  forty  or  fifty,  and  in  exceptional  cases  osseous  union  between  the  body  and 
manubrium  may  occur  in  advanced  life. 

Variations. — Tlie  sternum  is  liable  to  considerable  individual  variations  affecting  its  length 
and  direction.  Tlie  majority  of  bones  are  asymmetrical,  displaying  irregularities  in  the  levels  of 
the  clavicular  facets.  The  higher  costal  facets  may  be  closer  together  on  one,  usually  the  riglit 
side,  than  the  other,  wliilst  the  pre-mesosternal  joint  is  often  oblique,  sloping  somewhat  to  the 
right.  According  to  Birmingham,  these  are  the  result  of  the  strain  thrown  on  the  shoulder  by 
pressure  either  directly  applied  or  through  the  pull  of  a  weight  carried  in  the  hand. 

Sometimes  the  sternum  articulates  with  eight  rib  cartilages.  This  may  happen  on  one  or 
both  sides,  but  when  unilateral,  much  more  frequently  on  the  right  side — a  condition  by  some 
associated  with  right-handedness.  It  is,  however,  more  probably  a  persistence  of  the  primitive 
condition  of  the  cartilaginous  sternum,  in  which  each  half  is  connected  with  the  anterior 


At  birth. 


Fig.  71. 


At  3  years. 
-Ossification  of  the  Sternum. 

Ill  this  figure  the  second  as  well  as  the  third  segment  of  the  body 
possesses  two  centres. 

1.  Appears  about  5th  or  6th  mouth.  2.  Appear  about  7th 
month ;  unite  from  20  to  25.  3.  Appear  about  8th  or  9th  month  ; 
III.  segment  unites  witli  II.  about  puberty  ;  IV.  segment  unites 
with  III.  in  early  childhood.    4.  Appears  about  3rd  year  or  later. 
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extremities  of  the  first  eight  costal  arches.  In  some  rare  cases  only  six  pairs  of  ribs  articulate 
by  means  of  their  costal  cartilages  with  the  sternum. 

Occasionally  the  ^jresternum  supports  the  first  three  ribs ;  in  other  words,  the  manubrium 
has  absorbed  the  highest  segment  of  the  body.  Keith  has  pointed  out  that  this  is  the  condition 
most  commonly  met  with  in  the  Gibbon,  and  regards  its  occurrence  in  man  as  a  reversion  to  the 
simian  type.  As  far  as  is  at  present  known,  its  occurrence  seems  more  common  in  tlie  lower 
races.  Through  errors  of  development  the  sternum  may  be  fissured  throughout,  due  to  failure 
of  fusion  of  tlie  cartilaginous  hemisterna.  The  two  ossified  halves  are  usually  widely  separated 
above,  but  united  together  Ijelow  by  an  arthrodial  joint.  The  heart  and  pericardium  are  thus 
uncovered  by  the  bone.    Occasionally  this  condition  is  associated  with  ectopia  cordis,  under 


Tubercle 


lb-costal  groove 


which  circumstances  life 
is  rendered  impossible. 
Tlirough  defects  in  ossi- 
fication tlie  mesosternum 
may  be  j^ierced  by  a  hole, 
usually  in  its  lower  part, 
or  through  failure  of 
fusion  of  the  lateral  cen- 
tres one  or  more  of  the 
segments  of  the  body  may 
be  divided  longitudinally. 

Occasionally  small  ossicles  are  found  in  tlie  ligaments  of  the 
sterno-clavicular  articulation.  These  are  the  so-called  episterual 
bones,  the  morphological  signifiance  of  wliich,  however,  has  not  yet 
been  satisfactorily  determined.  They  are  by  some  regarded  as  the 
homologues  of  tlie  interclavicle  or  episternal  bone  of  monotremes. 


THE  RIBS. 

The  ribs  (cost8e),of  which  there  are  twelve  pairs,  form  a 
series  of  curved  osseous  bands  which  support  the  thoracic 
wall ;  posteriorly  they  articulate  with  the  dorsal  or  thoracic 
vertebne,  anteriorly  eacli  rib  is  provided  with  a  costal 
cartilage.  The  first  seven  ribs  articulate  with  the  sternum 
by  means  of  their  cartilages,  and  are  termed  the  true  (costJe 
verse)  or  vertebro-sternal  ribs.  The  lower  five  ribs  are  not 
so  supported,  and  are  described  as  the  false  ribs  (costse 
spurite).  Of  these  the  eighth,  ninth,  and  tenth  are  united 
by  their  cartilages  to  the  cartilage  of  the  seventh  rib,  and 
are  called  the  vertebro-chondral  ribs,  wdiilst  the  last  two 
ribs  are  free  at  their  anterior  extremities,  and  are  named 
the  floating  oi  vertebral  ribs. 

A  typical  rib  consists  of  a  head  (capitulum  cost;e), 
a  neck  (collum  costte),  a  tubercle  (tuberculum  costte),  and  a 
shaft  (corpus  cost;e),  on  which,  near  its  posterior  end,  is  the 
angle  (angulus  costte). 

The  head,  placed  on  the  posterior  or  vertebral  end  of 
the  bone,  is  somewhat  expanded.  Internally  its  articular 
surface  is  wedge-shaped  and  divided  into  two  parts,  an 
upper  and  lower,  by  a  ridge  or  crest  (crista  capituli),  to 
which  the  inter-articular  ligament  is  attached.  Of  these 
two  facets  the  lower  is  usually  the  larger,  and  articulates 
with  the  upper  facet  on  the  body  of  the  vertebra  in 
numerical  correspondence  with  it,  whilst  the  upper  facet  is 
for  the  corresponding  area  on  the  lower  part  of  the  body 
of  the  vertebra  above.  The  head  is  supported  by  a  more 
or  less  constricted  bar  of  bone,  the  neck.  This  becomes 
continuous  with  the  shaft  externally,  at  which  point  there 
is  a  well-marked  tubercle  on  its  posterior  surface.  The 
anterior  surface  of  the  neck  is  smooth ;  its  posterior  aspect 

is  rough,  and  pierced  by  numerous  small  holes  for  vessels.  Here  is  attached  the 
middle  costo-transverse  ligament.  Not  uncommonly  the  upper  border  of  tlie  neck 
is  lipped  and  ridged  (crista  colli  costaa),  and  ahbrds  attachment  to  the  anterior 
costo-transverse  ligament. 


Fig.  72. — Fifth  Right  Rib 

AS  SEEN  KKOJI  BeLOW. 
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The  tubercle  consists  of  an  articular  and  a  non-articular  part ;  the  former  is 
internal  to  aiTd  below  the  latter.  Its  articular  surface,  of  rounded  or  oval  shape, 
is  directed  downwards,  back- 
w^ards,  and  a  little  inwards, 
and  rests  upon  a  facet  on 
the  transverse  process  of  the 
vertebra  in  numerical  cor- 
respondence with  the  rib. 
The  non-articular  part,  most 
prominent  in  the  upper  ribs, 
has  the  fibres  of  the  posterior 
costo  -  transverse  ligament 
attached  to  it.  It  is  usually 
separated  from  the  upper 
border  of  the  neck  and  shaft 
by  a  groove,  in  which  lies 
the  external  branch  of  the  posterior  division  of  the  thoracic  nerve. 

The  shaft  (corpus  costa3)  is  thin,  flattened,  and  band-like.  Its  length  varies 
much ;  the  seventh  and  eighth,  which  are  usually  the  longest,  are  from  two  and  a 
half  to  three  times  the  length  of  the  first  and  twelfth  ribs  respectively.  The  shafts 
are  curved  so  as  to  adapt  them  to  the  form  of  the  thoracic  wall.  More  acute  in 
the  upper  members  of  the  series,  where  the  shafts  are  shorter,  the  curve  opens  out 
in  the  middle  and  lower  parts  of  the  thorax,  where  the  diameters  of  that  cavity 
are  greater.  The  curve,  however,  is  not  uniform.  Including  the  whole  length  of 
the  bone,  it  will  be  seen  to  be  most  accentuated  towards  the  hinder  part,  where,  in 
correspondence  with  the  point  at  which  the  bend  is  most  pronounced,  there  is  a 
rough  ridge  placed  obliquely  across  the  outer  surface  of  the  shaft ;  this  is  the  angle 
(angulus  costte).  The  distance  between  the  angle  and  the  tubercle  is  greatest  on 
the  eighth  rib ;  above  that,  the  width  between  these  two  points  gradually  decreases 
until,  in  the  case  of  the  first  rib,  the  two  coincide.  Below  the  level  of  the  eighth 
rib  the  distance  slightly  diminishes  in  conformity  with  the  general  narrowing  of 
the  thorax  below  that  level. 

Combined  with  this  curve,  there  is  in  many  of  the  ribs  a  twist.  This  may  best 
be  understood  if  the  student  will  take  a  strip  of  stiff  paper  and  bend  it  in  the  form 
of  the  curve  of  the  rib.  If,  after  he  has  done  this,  he  pulls  down  the  fore  end  and 
turns  up  the  hind  end  of  the  strip,  he  will  have  imparted  to  the  strip  of  paper  a 
twist  similar  to  that  met  with  in  the  rib.  This  appearance  is  best  seen  in  the 
middle  members  of  the  series,  notably  in  the  seventh  and  eighth  ribs,  above  and 
below  which  it  gradually  becomes  less  marked.  It  is  the  occurrence  of  this  twist 
which  prevents  the  extremities  of  the  ribs,  together  with  the  shaft,  from  resting  on 
the  same  plane  surface.  To  this  rule  there  are  certain  notable  exceptions,  viz.  the 
first  and  second,  the  twelfth,  and  not  infrequently  the  eleventh. 

The  shaft  has  two  surfaces,  an  internal  and  an  external,  and  two  borders,  a 
superior  and  an  inferior.  The  external  surface,  which  is  smooth,  conforms  to  the 
general  vertical  convexity  of  the  thorax,  being  directed  upwards  in  the  first  rib, 
upwards  and  outwards  in  the  higher  ribs,  outwards  in  the  middle  series,  and  out- 
wards and  slightly  downwards  in  the  tenth,  eleventh,  and  twelfth.  The  internal 
surfaces  are  arranged  conversely  and  are  covered  by  the  parietal  pleura.  Towards 
the  sternal  end  of  the  middle  ribs,  where  the  downward  twist  is  most  marked,  there 
is  often  an  oblique  line  across  the  outer  surface.  This  is  sometimes  referred  to  as  the 
anterior  angle.  The  upper  border  of  the  shaft  is  thick  and  rounded  behind,  thinner 
and  sharper  in  front ;  to  it  are  attached  the  fibres  of  the  internal  and  external  inter- 
costal muscles.  The  lower  border  is  grooved  behind  at  the  expense  of  the  inner 
surface,  and  is  overhung  externally  by  a  sharp  margin.  Anteriorly  this  subcostal 
groove  (sulcus  costalis)  fades  away,  and  its  lips  coalesce  to  form  a  rounded  edge. 
The  intercostal  vessels  and  nerve  are  lodged .  in  this  groove,  whilst  its  lips  afford 
attachment  to  the  external  and  internal  intercostal  muscles  respectively.  On  the 
floor  of  the  groove  may  also  be  seen  the  openings  of  the  canals  for  the  transmission 
of  the  nutrient  vessels,  which  are  directed  towards  the  vertebral  end  of  the  rib. 
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Tlie  anterior_or  sternal  extremity  of  the  shaft,  often  slightly  enlarged,  displays 
an  elongated  oval  pit  into  which  the  costal  cartilage  is  sunk. 

Peculiar  Ribs. — The  first,  second,  tenth,  eleventh,  and  twelfth  ribs  all  display 
characters  by  which  they  can  be  readily  recognised. 

The  first  rib  can  be  easily  distinguished  from  the  others  by  its  size,  curvature, 
and  flattened  form.  The  head,  which  is  of  small  size,  has  a  single  oval  or  circular 
facet,  which  is  directed  inwards  and  slightly  backwards  for  articulation  with  the 
side  of  the  body  of  the  first  dorsal  vertebra.  The  neck  is  flattened  from  above 
downwards,  and  is  slightly  down-turned  towards  the  end  which  supports  the  head. 
Its  anterior  Ijorder  is  rounded  and  smooth ;  its  posterior  edge  rough  for  the  attach- 
ment of  ligaments.  At  the  point  where  the  neck  joins  the  shaft  posteriorly,  a 
prominent  tubercle  curves  upwards  and  backwards.  The  inner  and  under  sui'face 
of  this  process  has  a  small  circular  facet  which  rests  on  a  corresponding  articular 

surface  on  the  transverse  process  of  the 
first  dorsal  vertebra.  The  angle  coin- 
cides with  the  tiil)ercle,  and  thus  assists 
in  emphasising  its  prominence.  The 
surfaces  of  the  body  of  the  rib  are 
directed  upwards  and  downwards,  its 
borders  inwards  and_  outwards.  If  the 
finger  be  run  along  the  thin  inner 
border,  a  distinct  spine  or  tubercle  can 
be  readily  felt  about  an  inch  or  an  inch 
and  a  qiiarter  from  its  anterior  ex- 
tremity. This  is  the  scalene  tubercle 
(tuberculum  scaleni)for  the  attachment, 
of  the  scalenus  anticus  muscle.  There 
is  a  shallow,  oljlique  groove  crossing 
the  upper  surface  of  the  shaft  in  front 
of  this  for  the  lodgment  of  the  sub- 
clavian ^■ein ;  whilst  behind  the 
tubercle  there  is  another  groove, 
usually  better  marked,  and  passing 
obli(piely  forwards  for  the  subclavian 
artery  (sulcus  subclavire).  The  space 
on  the  upper  surface  of  the  rib  between 
this  latter  groove  and  the  tubercle 
posteriorly  is  somewhat  rough,  and 
affords  attachment  to  the  fibres  of  tlie 
scalenus  medius  muscle.  The  anterior 
extremity  of  the  rib  is  thickened  and 
often  expanded  for  the  reception  of 
its  costal  cartilage,  which  (  is  not 
infrequently  ossified.  The  under  surface  of  the  rib  is  smooth  and  is  covered  l)y 
pleura.  The  outer  convex  border,  thin  in  front,  is  usually  thick  and  rough  behind 
the  subclavian  groove,  where  it  has  attached  to  it  the  fibres  of  the  first  digitation 
of  the  serratus  magnus.  Along  this  edge,  also,  are  attached  the  external  and 
internal  intercostal  muscles  of  the  first  intercostal  space.  The  inner  concaA'e 
Ijorder  is  thin,  and  has  connected  with  it  the  aponeurotic  expansion  known  as 
Siljson's  fascia. 

The  second  rib  may  be  distinguished  by  the  size  of  its  curve ;  the  absence  of 
any  twist  on  its  shaft,  so  that  it  can  be  laid  flat  on  the  table ;  the  oblique  direction  . 
of  the  surfaces  of  its  shaft,  the  outer  being  directed  upwards  and  outwards,  whilst 
the  inner  is  turned  downwards  and  inwards ;  and  the  presence  of  a  well-marked, 
rough,  oval  area  about  the  middle  of  its  outer  surface  and  lower  border  for  part 
of  the  first,  and  the  whole  of  the  second  digitation  of  the  serratus  magnus  muscle. 
The  head  has  two  facets,- and  the  angle'  is  close  to'  the  tubercle  posteriorly. 

Tlie  tenth  rib  has  usually  only  a  single  articular  facet  on  the  liead. 

The  eleventli  and  twelfth  ribs  are  recognised  by  their  length.    Their  heads, 


Fig.  74. 


-First  and  Second  Right  Ribs  as  seen 
FROJi  Above. 
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usually  large  in  proportion  to  their  shafts,  support  a  single  facet  for  articulation 
with  the  eleventh  and  twelfth  dorsal  vertebrae  respectively.  The  tubercles  are  ill- 
developed,  and  have  no  articular  facets.  The  angle  is  faintly  marked  on  the 
eleventh,  scarcely  perceptible  on  the  twelfth.  Their  anterior  extremities  are  narrow 
and  pointed,  and  tipped  with  cartilage.  The  subcostal  groove  is  absent  in  the 
twelfth,  and  but  slightly  seen  in  the  eleventh.  The  twelfth  is  considerably  shorter 
than  the  eleventh  rib. 

Architecture. — Each  rib  consists  of  a  curved  and  flattened  bar  of  bone,  the  interior  of  which 
is  loose  and  cancellous,  whilst  the  investing  envelope  is  compact.  The  inner  table  is  much  the 
stronger,  attaining  its  maximum  thickness  ojDposite  the  angle — in  front  and  behind  which  it 
becomes  gradually  reduced.  The  outer  table,  much  thinner,  is  stoutest  opposite  the  angle  ;  on 
the  posterior  surface  of  the  tubercle  and  neck  it  forms  but  a  thin  layer.  The  compact  layers 
forming  the  upper  and  lower  borders  are  not  so  thick  as  those  forming  the  inner  and  outer 
surfaces.  The  cancellous  tissue,  loose  and  open  in  the  shaft,  is  most  compact  in  the  region  of  the 
head  and  towards  the  anterior  extremity. 

Variations. — The  number  of  ribs  may  be  increased  or  diminished.  Increase  may  occur  by 
the  addition  of  a  cervical  rib  due  to  the  independent  development  of  the  costal  element  in  the 
transverse  process  of  the  seventh  cervical  vertebra.  This  may  happen  on  one  or  botk  sides.  The 
range  of  development  of  these  cervical  ribs  varies  ;  they  may  unite  anteriorly  with  the  sternum, 
or  they  may  be  fused  anteriorly  with  the  cartilage  of  the  first  rib,  or  the  cervical  vih  may  be 
free.  It  may  in  some  instances  be  represented  mainly  by  a  ligamentous  band,  or  its  vertebral 
and  sternal  ends  may  be  alone  developed,  the  intermediate  part  being  fibrous.  At  times  the 
vertebral  end  only '  may  be-  formed  and  may  be  fused  with  the  first  rib,  tlms  leading  to  the 
formation  of  a  bicipital  rib  such  as  occurs  in  many  cetaceans.  Increase  in  the  number  of  ribs 
may  also  be  due  to  the  ossification  of  the  costal  element  which  is  normally  present  in  the  embryo 
in  connexion  with  the  first  lumbar  vertebra  (Rosenberg,  Morph.  Jdhrb.  i.).  Reduction  in 
the  number  of  ribs  is  less  common.  The  twelfth  rib  rarely  aborts ;  in  some  cases  the  first  ,rib  is 
rudimentary.  Cases  of  congenital  absence  of  some  of  the  ribs  have  been  recorded  by  Hutchinson, 
Murray,  and  Ludeke. 

Fusion  of  adjacent  ribs  may  occur.    (Lane,  Guy's  Hosp.  Reports,  1883.) 

Variations  in  form  may  be  in  great  part  due  to  the  occupation  of  the  individual  and  the  con- 
stricting influence  of  corsets.  Independently  of  these  influences,  the  fore  part  of  the  shaft  is 
sometimes  cleft  so  as  to  appear  double ;  at  other  times  the  cleft  may  be  incomjDlete  so  as  to  form 
a  perforation.  Occasionallj^'adjacent  ribs  are  united  towards  their  posterior  part  by  processes 
having  an  intermediate  ossicle  between  (Meckel),  thus  recalling  the  condition  normally  met  with 
in  birds ;  more  usually,  however,  the  bony  projections  are  not  in  contact. 

The  number  of  true  or  vertebro-sternal  ribs  may  be  reduced  to  six,  or  increased  to  eight  (see 
ante,  p.  93). 

Ossification. — Ossification  begins  in  the  cartilaginous  ribs  about  the  sixth  week,  and 
rapidly  extends  along  the  shaft,  so  that  by  the  end  of  the  third  month  it  has  reached  the 
permanent  costal  cartilage.  The  sixth  and  seventh  ribs  are  the  earliest  to  ossify.  The 
first  rib  being  the  last  (Lambertz).  At  puberty,  or  before,  secondary  centres  appear ; 
of  these  there  are  three — an  epiphysis  for  the  articular  surface  of  the  tubercle,  one  for  the 
non-articular  part  of  the  same  process,  and  one  for  the  head.  By  the  twenty-fifth  year 
fusion  between  these  and  the  shaft  is  complete. 

THE  COSTAL  CARTILAGES. 

The  costal  cartilages,  of  which  there  are.  twelve  pairs,  are  bars  of  hyaline 
cartilage  united  to  the  anterior  extremities  of  the  ribs,  into  which  they  are  recessed 
and  held  in  position  by  the  periosteum.  Through  these  cartilages  the  first 
seven  ribs  are  connected  directly  with  the  sternum  by  means  of  synovial  joints 
corresponding  to  the  notches  along  the  margins  of  the  breast  bone.  To  this  there 
is  an  exception  in  the  case  of  the  first  rib,  the  cartilage  of  which  is  directly  blended 
with  the  manubrium  sterni.  The  eighth,  ninth,  and  tenth  are  connected  indirectly 
with  the  sternum  by  their  union  with  each  other,  and  their  articulation,  through  the 
medium  of  the  eighth  with  the  seventh  rib  cartilage ;  whilst  the  eleventh  and 
twelfth  cartilages  tip  the  ribs  to  which  they  belong,  and  lie  free  in  the  muscles  of 
the  flank.  The  costal  cartilages  increase  in  length  from  the  first  to  the  seventh, 
below  which  they  become  shorter.  The  first  inclines  obliquely  downwards  and 
inwards  to  unite  with  the  upper  angles  of  the  manubrium.  The  second  lies  more 
or  less  horizontally.  The  third  to  the  seventh  gradually  ,  become  more  and  more 
curved,  inclining  downward  from  the  extremities  of  their  respective  ribs,  and  then 
turning  upwards  to  reach  the  sternum.    The  tenth  cartilage  articulates  by  means 
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of  a  synovial  joint  with  the  ninth,  the  ninth  with  the  eighth,  and  the  eighth  with 
the  seventh.  There  are  also  surfaces  for  the  articulation  of  the  seventh  with  the 
sixth,  and  sometimes  for  the  sixth  with  the  fifth. 

Variations. — Occasionally  a  costal  cartilage  is  unduly  broad,  and  may  be  piei'ced  by 
a  foramen.  The  number  of  costal  cartilages  connected  with  the  sternum  may  be  reduced 
to  six  or  increased  to  eight  (see  p.  93).  In  advanced  life  there  is  a  tendency  towards 
ossification  in  the  layers  underlying  the  perichondrium,  more  particularly  in  the  case  of 
the  first  rib  cai'tilage,  in  which  it  may  be  regarded  as  a  more  or  less  normal  occurrence. 

THE  THORAX  AS  A  WHOLE. 

The  bony  and  cartilaginous  thorax  is  barrel-shaped,  being  narrower  above  than 
below,  and  compressed  from  before  backwards.    Its  posterior  wall  is  longer  than  its 

anterior,  and  its  trans- 
verse width,  which 
reaches  its  maximum 
opposite  the  eiglith  or 
ninth  rib,  is  much  in 
excess  of  its  sagittal 
diameter.  This  is 
largely  owing  to  the 
forward  projection  of 
the  thoracic  part  of  the 
vertebral  column  into 
the  thoracic  cavity. 

The  anterior  wall 
is  formed  by  the  ribs 
and  rib  cartilages,  to- 
gether with  the  sternum. 
The  posterior  wall 
comprises  the  thoracic 
part  of  the  vertebral 
column  and  the  ribs  as 
far  as  their  angles. 
Owing  to  the  backward 
curve  of  the  ribs,  and 
the  projection  forwards 
of  the  vertebral  bodies, 
the  antero  -  posterior 
diameter  of  the  thoracic 
cavity  is  considerably 
greater  on  either  side 
of  the  middle  line  than 
in  the  mesial  plane,  thus 
allowing  for  the  lodg- 
ment of  the  rounded 
posterior  ])orders  of  the  lungs.  For  the  same  reason  the  furrow  on  either  side  of 
the  spinous  processes  of  the  thoracic  vertebrte  is  converted  into  a  broad  groove 
(vertebral  groove),  the  floor  of  which  is  in  part  formed  by  the  ribs  as  far  as  their 
angles.  The  grooves  so  formed  are  each  occupied  by  the  fleshy  mass  of  the  erector 
spinte  muscle. 

The  lateral  walls  are  formed  by  the  costal  arches.  The  ribs  which  rmi 
obliquely  from  above  downwards  and  forwards  do  not  lie  parallel  to  each  other,  but 
spread  somewhat,  so  that  tlie  intervals  between  them  (intercostal  spaces)  are  wider 
in  front  than  behind. 

The  superior  aperture  or  inlet  formed  by  the  body  of  the  first  thoracic 
vertebra  behind,  the  arches  of  the  first  rib  on  either  side,  and  the  upper  border  of 
the  manubrium  sterni  in  front,  is  contracted  and  of  reniform  shape.  The  plane  of 
the  inlet  l-i  oljli(]ue  from  behind  downwards  and  forwards,  so  that  in  expiration  tlie 


Fig.  75. — The  Thorax  as  seex  from  the  Front. 
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upper  border  of  the  stermun  lies  on  a  level  with  the  disc  between  the  second  and 
third  thoracic  vertebne. 

The  lower  aperture,  of  large  size,  is  bounded  in  the  middle  line  behind  by  the 
twelfth  thoracic  vertebra ; 
passing  thence  the  twelfth 
ribs  slope  outwards,  down- 
wards, and  forwards.  From 
these  a  line  carried  horizon- 
tally forwards  from  their 
tips  touches  the  end  of  the 
eleventh  rib,  and  then  curving 
slightly  upward  reaches  the 
cartilage  of  the  tenth  rib. 
Here  it  follows  the  conflu- 
ent margins  of  the  cartilages 
of  the  tenth,  ninth,  eighth, 
and  seventh  ribs.  Anally 
reaching  the  xiphoid  cartilage, 
where  it  forms  with  the  costal 
margin  of  the  opposite  side 
the  subcostal  angle,  the 
summit  of  which  coincides 
with  thexiphi-sternal  articula- 
tion ;  in  expiration  this  joint 
usually  lies  on  a  level  with 
the  intervertebral  disc  between 
the  ninth  and  tenth  thoracic 
vertebra?,  and  corresponds 
with  the  surface  depression 
familiarly  known  as  the  pit 
of  the  stomach.  The  inferior 
aperture  of  the  thorax  is 
occupied  by  the  vault  of  the 
diaphragm. 

In  the  fcBtal  condition  the 
foi'm  of  the  thorax  differs  from 
that  of  the  adult.  It  is  laterally 
compressed — in  this  respect  re- 
sembling the  simian  type.  Its  Fig.  76.— The  Thokax  as  seen  from  the  Right  Side. 
antero  -  posterior    diameter  is 

relatively  greater  than  in  the  adult.  At  birth  changes  in  form  take  place  dependent  on 
the  expansion  of  the  lungs ;  during  subsequent  growth,  the  further  expansion  of  the 
thoracic  cavity  in  a  transverse  direction  is  correlated  with  the  assumption  of  the  erect 
posture,  and  the  use  of  the  fore-limbs  as  prehensile  organs. 

Sexual  Differences. — The  thorax  of  the  female  is  usually  described  as  being 
proportionately  shorter  and  rounder  than  the  male.  It  also  tends  to  narrowness  in  the 
lower  segment.  It  is  hardly  necessary  to  point  out  that  the  natural  form  is  often 
modified  by  the  use  of  tight  or  ill-fitting  corsets. 

THE  BONES  OF  THE  SKULL  (OssA  Cranii). 

The  term  skull  (cranium)  is  commonly  employed  to  signify  the  entire  skeleton 
of  the  head.  This  comprises  the  bony  envelope  which  surrounds  the  brain 
(cranium  cerebrale),  and  the  osseous  structures  which  support  the  face  (cranium 
viscerale,  ossa  faciei). 

In  catalogues  of  craniological  collections  the  terms  used  are  as  follows  : — 
Skull      =  entire  skeleton  of  head,  including  the  mandible. 
Cranium  =  the  skull,  minus  the  mandible. 

Calvaria  =  that  part  of  the  skull  which  remains  afte]'  the  bones  of  the  face  have 
been  removed  or  destroyed. 
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The  cranium  cerebrale  is  composed  of  the  occipital  (os  occipitale),  the  sphenoid 
(os  sphenoidale),  the  ethmoid  (os  ethmoidale),  and  the  frontal  (os  frontale),  the  two 
parietals  (ossa  parietalia),  and  the  two  temporals  (ossa  temporaHa) — eight  bones  in  all. 

The  bones  of  the  face  (cranium  viscerale,  ossa  faciei)  include  the  following : — 
Two  single,  viz.  the  vomer  (vomer),  and  the  inferior  maxilla  or  mandible  (mandibula), 
and  twelve  bones,  arranged  in  pairs,  viz.  the  superior  maxillary  (maxilloe),  malar  (ossa 
zygomatica),  palate  (ossa  palatina),  together  with  the  lachrymal  (ossa  lacrymalia), 
nasal  (ossa  nasalia),  and  inferior  turbinated  (conchae  inferiores) — fourteen  bones  in  all. 

According  to  the  scheme  of  international  nomenclature,  the  inferior  turbinals,  the 
lachrymals,  the  nasals,  and  the  vomer  are  included  under  the  cranium  cerebrale,  and  not 
with  the  cranium  viscerale. 

The  hyoid  bone  is  usually  described  along  with  the  skull.  If,  in  addition,  the 
bones  of  the  middle  ear,  three  on  each  side  (malleus,  incus,  and  stapes),  be  in- 
cluded, the  skeleton  of  the  head  consists  of  twenty-nine  bones. 

The  separate  bones  will  first  be  described,  and  then  the  skull  will  be  considered 
as  a  whole  and  in  section. 

THE  SEPARATE  BONES  OF  THE  SKULL. 

The  Fhontal  Bone. 

The  frontal  bone  (os  frontale),  situated  in  the  fore  part  of  the  cranium,  is  a 
single  bone  formed  by  the  fusion  in  early  life  of  two  symmetrical  halves.  It  con- 
sists of  a  frontal  part,  which  corresponds  to  the  region  of  the  forehead ;  an  orbital 


-  Frontal  eminences 


Nasal  spine 

Fig.  77. — Frontal  Bone  (Anterior  View). 

part,  which  enters  in  the  structure  of  the  roof  of  the  orbits ;  and  a  nasal  part,  which 
assists  in  forming  the  roof  of  the  nasal  fossa?. 

The  frontal  part  (pars  frontalis)  is  the  shell-like  portion  of  the  bone  which 
rises  upwards  above  the  orbital  arches.  Its  external  surface  is  rounded  from  side 
to  side  and  from  above  downwards.  This  convexity  is  most  pronounced  about 
1|  inches  above  the  orbital  margins  on  either  side  of  the  middle  line,  constituting 
what  are  known  as  the  frontal  eminences  (tubera  frontalia).  These  mark  the 
original  sites  of  the  centres  from  which  the  bone  ossifies.  The  lower  margin  of 
this  part  is  formed  on  either  side  of  the  middle  line  by  the  curved  orbital 
margins  (margines  supraorbitales),  the  outer   and  inner  extremities  of  which 
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constitute  the  external  and  internal  angular  processes  respectively.  The  latter 
descend  to  a  lower  level  than  the  former,  and  articulate  with  the  lachrymal 
bones,  being  separated  from  each  other  by  a  rough  articular  surface — the  nasal 
notch  for  the  nasal  and  superior  maxillary  bones.  The  curve  of  the  orbital 
margin  varies  in  different  individuals  and  races ;  towards  its  inner  third  it  is 
crossed  by  a  groove,  not  iinfrequently  converted  into  a  foramen — the  supraorbital 
notch  or  foramen  (incisura  sive  foramen  supraorbitalis).  Through  this  there  pass 
the  supraorbital  nerve  and  artery.  Above  the  supraorbital  margin  the  character 
of  the  bone  displays  marked  differences  in  the  two  sexes :  in  the  male,  above  the 
interval  between  the  two  internal  angular  processes,  there  is  usually  a  well-marked 
prominence,  called  the  glabella,  from  this  the  fulness  extends  outwards  above  the 
orbital  margin,  varying  in  degree  and  extent,  and  forming  the  elevations  known  as 
the  supraorbital  or  superciliary  ridges  (arcus  superciliares).  The  prominence  of 
these  naturally  reacts  on  tlie  character  of  the  supraorbital  margins,  which  are  thicker 
and  more  rounded  in  the  male  tlian  in  the  female.  Passing  upwards  over  the  glabella, 
the  remains  of  the  suture  which  originally  separated  the  two  halves  of  the  frontal  bone 
can  usually  be  seen ;  above  this  point  all  trace  of  the  suture  is  generally  obliterated. 

Pacchionian         Superior  longitudinal 


For  articulation  with  depression  sinus  and  falx  cerebri 


Fia.  78. — Frontal  Bone  as  seen  from  Below. 

Extending  upwards  from  the  external  angular  process  is  a  well-marked  ridge, 
which  curves  upwards  and  slightly  inwards,  then  turning  backwards  it  arches 
across  the  lateral  aspect  of  the  bone.  This  is  the  temporal  ridge  or  crest  (linea  tem- 
poralis), which  serves  to  separate  the  anterior  surface  of  the  frontal  portion  of  the 
bone  from  its  temporal  aspect.  The  latter  (facies  temporalis)  forms  the  floor  of  the 
upper  and  anterior  part  of  the  temporal  fossa,  and  serves  for  the  attachment  of  the 
temporal  muscle. 

The  orbital  part  of  the  bone  (pars  orbitalis)  consists  of  two  transversely-curved 
plates,  each  having  the  form  of  a  sextant ;  their  inner  edges,  which  are  cellular,  lie 
parallel  to  each  other,  and  are  separated  in  their  posterior  half  by  the  ethmoidal 
notch  (incisura  ethmoidalis),  in  which  the  ethmoid  bone  is  lodged.  The  edges  of 
the  notch  on  either  side  are  grooved  in  front  and  behind  by  the  anterior  and  posterior 
ethmoidal  foramina,  which  are  completed  when  the  ethmoid  is  in  situ.  The  anterior 
transmits  the  internal  branch  of  the  nasal  nerve  and  the  anterior  ethmoidal  vessels  ; 
the  posterior,  the  posterior  ethmoidal  vessels.  In  front  of  the  ethmoidal  notch  is  the 
nasal  notch,  from  the  centre  of  which  the  nasal  process  projects  downwards  and  for- 
wards to  terminate  in  the  nasal  spine  (spina  nasalis),  which  lies  between,  and  articu- 
lates with  the  nasal  bones  and  perpendicular  plate  of  the  ethmoid.  On  either  side 
of  the  root  of  this  process  the  bone  is  grooved  obliquely  from  above  downwards  and 
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forwards,  and  enters  into  the  formation  of  the  narrow  roof  (pars  nasalis)  of  the 
nasal  fossfe.  Anteriorly  the  nasal  notch  is  limited  by  a  rough  U-shaped  articular 
surface,  the  median  part  of  which  articulates  with  the  nasal  bones,  whilst  on  either 
side  the  nasal  processes  of  the  superior  maxilkt;  are  united  with  it.  Behind  this, 
amid  the  broken  cells,  the  passages  leading  into  the  frontal  sinuses  are  readily 
distinguished,  and  here  the  inner  edges  of  the  orbital  plates  articulate  with  the 
lachrymal  bones. 

The  orbital  plate  is  thin  and  brittle.  In  front  it  is  bounded  by  the  superior 
orbital  margin,  just  within  which,  midway  between  the  internal  angular  process 
and  the  supraorbital  notch  there  is  a  small  shallow  depression  (fovea  trochlearis), 
often  displaying  a  spicule  of  bone  arising  from  its  edge  (spina  trochlearis),  which 
affords  attachment  to  the  pulley  of  the  superior  oblique  muscle  of  the  eyeball. 
Externally  the  orbital  plate  is  overhung  by  the  orbital  margin  and  the  external 
angular  process,  and  in  the  hollow  so  produced  (fossa  giandulie  lachrymalis)  the 
lachrymal  gland  is  lodged.  The  extremity  of  the  external  angular  process  (pro- 
cessus zygoniaticus)  articulates  with  the  frontal  process  of  the  malar  bone.  Behind 
this  the  irregular  edge  of  the  orbital  plate  is  united  with  the  great  wing  of  the 
sphenoid  by  a  triangular  area,  which  also  extends  on  to  the  inferior  aspect  of 
the  temporal  surface  of  the  frontal  bone.  The  apex  of  the  orbital  plate,  for  the 
space  of  about  half  an  inch,  articulates  with  the  lesser  wing  of  the  sphenoid. 

The  cerebral  surface  of  the  bone  forms  a  fossa  in  which  lie  the  fore  and  under 
parts  of  the  frontal  lobes  of  the  cerebrum,  the  convolutions  of  which  impress  their 
form  on  the  inner  aspect  of  the  bone.  Here,  too,  on  either  side  of  the  middle  line, 
may  be  seen  depressions  for  the  lodgment  of  Pacchionian  bodies.  Descending  from 
the  centre  of  the  upper  margin  of  the  bone  is  a  vertical  groove,  the  frontal  sulcus ; 
narrowing  below,  this  ends  in  a  ridge — the  frontal  crest — which  nearly  readies 
the  fore  part  of  the  ethmoidal  notch,  where  it  terminates  in  a  small  orifice,  the 
foramen  caecum,  placed  usually  in  the  suture  between  the  fore  part  of  the  ethmoid 
and  the  frontal.  This  foramen  may,  or  may  not,  transmit  a  small  vein  from  the 
nose  to  the  commencement  of  the  superior  longitudinal  sinus.  This  sinus,  which 
is  interposed  between  the  layers  of  the  falx  cerebri,  is  at  first  attached  to  the 
frontal  crest,  but  subsequently  occupies  the  frontal  sulcus.  Deeply  concave  from 
side  to  side  and  from  above  downwards,  the  lateral  aspects  of  the  fossa  are  seen  to 
be  traversed  by  small  grooves  for  the  anterior  branches  of  the  middle  meningeal 
arteries.  Below,  the  orbital  plates  bulge  into  the  floor  of  the  fossa,  so  that  the 
ethmoidal  notch  appears  recessed  between  them.  On  either  side  of  the  notch  faint 
grooves  for  the  meningeal  branches  of  the  ethmoidal  vessels  may  be  seen.  The 
circumference  of  the  fossa  is  formed  by  the  serrated  edges  of  the  bone  which 
articulate  with  the  parietals  above,  and  on  either  side  below  with  the  great  and 
lesser  wings  of  the  sphenoid. 

Connexions. — Tlie  frontal  articulates  with  t-\velve  bones,  viz.  posteriorly  with  the  parietals 
and  sphenoid  ;  exteruallj'  with  the  nialars ;  inferiorly  and  internally  Avith  the  nasals,  superior 
luaxilhe,  lachrymals,  and  ethmoid. 

Architecture. — The  frontal  bone  is  composed,  like  the  other  bones  of  the  cranial  vault,  of 
two  layers  of  compact  tissue,  enclosing  between  them  a  layer  of  spongy  cancellous  texture — the 
diplo"?. ,  In  certain  definite  situations,  owing  to  tlie  absorption  of  the  intermediate  layer,  the 
bone  is  hollow,  forming  the  frontal  air  sinuses.  The  position  and  extent  of  these  is  to  some 
extent  indicated  by  the  degree  of  ])rojection  of  the  sujierciliary  ridges,  though  this  must  not  be 
taken  as  an  aljsolutely  reliable  guide,  for  cases  are  recorded  where  the  lidges  were  low  and  the 
sinuses  lai'ge,  and  vice  versa. .  Of  much  surgical  imj^ortance,  these  air-sjiaces  only  attain  their  full 
development  after  the  age  of  jjuberty,  lieing  of  larger  size  in  the  male  than  in  the  fenuile,  a 
circumstance  which  accounts  for  the  more  vertical  appearance  of  the  forehead  in  woman  as  con- 
trasted with  man.  Usually  two  in  niuuber,  they  are  i)laced  one  on  either  side  of  tlie  middle 
line,  and  communicate  by  means  of  the  infundil)ulum  with  the  nasal  fossa  of  the  same  side. 
It  is  exceptional  to  find  the  sinuses  of  ojjposite  sides  in  communication  with  eacli  other,  as  they 
are  generally  separated  by  a  complete  partition  which,  liowever,  is  occasionally  much  defiected 
to  one  or  other  side.  Logan  Turner  ("  On  the  Uhuuiiiation  of  the  Air  Sinuses  of  tlie  Skull,  with 
some  Observations  upon  the  Surgical  Anatomy  of  the  Frontal  Sinus,"  Edin.  Med.  Joiirn.  May  1898) 
gives  the  average  dimensions  of  these  sinuses  as  follows: — Height,  31  mm.,  i.e.  from  the  fronto- 
nasal aperture  upwards  ;  l)readtli,  30  mm.,  i.e.  from  tlie  septum  horizontally  outwards  ;  depth,  17 
mm.,  from  the  anterior  wall  at  the  level  of  fronto-nasal  suture  backwards  along  the  orbital  roof 
Exceptionally  large  sinuses  are  sometimes  met  with  extending  backwards  over  the  orljit  so  as  to 
form  a  double  roof  to  that  sjjace.    There  is  a  specimen  in  the  Oxford  collection  in  which  the 
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sinus  is  so  large,  and  extends  so  far. back,  that  tlie  optic  nerve  is  carried  through  it  m  a  bony 
tube.  Another  point  of  some  practical  importance  is  that  the  sinuses  are  hardly  ever  sym- 
metrical. It  is  rare  to  meet  with  cases  of  their  complete  absence,  although  sometimes  the  sinus 
on  one  or  other  side  may  be  wanting.  . 

The  external  angular  process,  from  the  arrangement  of  its  surfaces  and  the  density  ot  its 
structure,  is  particularly  well  adapted  to  resist  the  pressure  to  which  it  is  subjected  when  the 
jaws  are  firmly  closed. 

Variations.— That  most  frequently  met  with  is  a  persistence  of  the  suture  which  unites  the 
t^^•o  halves  of  the  bone  in  the  infantile  condition  :  skulls  displaying  this  peculiarity  are  termed 
metopic.  The  researches  of  various  observers— Broca,  Ranke,  Gruber,  Manouvrier,  Anoutchine, 
and  Papillault  {Rev.  mens,  de  I'ecole  d'Anthropol.  de  Paris,  anm^e  6,  n.  3)— point  to  the  more 
frec[uent  occurrence  of  this  metopic  suture  in  the  higher  than  in  the  lower  races  of  man ;  and 
Calmette  asserts  its  greater  frequence  in  the  brachycephalic  than  the  dolichocephalic  type. 
Separate  ossicles  (Wormian  bones)  mav  occur  in  the  region  of  the  anterior  fontanelle.  The  fusion 
of  these  with  one  or  other  half  of  the  frontal  explains  how  the  metopic  suture  is  not  always  in 
line  with  the  sagittal  suture  (Stieda,  Anat.  Anz.  1897,  p.  227) ;  they  occasionally  persist,  however, 
and  form  by  their  coalescence  a  bregmatic  bone  (G.  Zoja,  Bull.  Scientifico,  xvii.  p.  76,  Pavia). 
Turner  (Challenger  Reports,  part  xxix.)  records  an  instance  of  direct  articulation  of  the  frontal 
with  the  orljital  plate  of  the  superior  maxilla  in  a  Bush  skull,  and  other  examples  of  the  same 
anomaly,  which  obtains  normally  in  the  skulls  of  the  chimpanzee  and  gorilla,  have  been  observed 
(Joarn.  Aiiat.  and  Physiol,  vol.  xxiv.  p.  349). 

Ossification. — Ossification  begins  in  membrane  from  two  centres,  which  appear  about 
the  sixth  or  seventh  week,  one  on  either  side  immediately  above  the  orbital  margin.  By 
extension  inwards  and  backwards  from  these  the 
orbital  plates  are  formed.  Serres,  Rambaud,  and 
Renault  and  v.  Ihering  describe  the  occurrence  of 
three  pairs  of  secondary  centres  somewhat  later : 
one  pair  for  the  nasal  spine  on  either  side  of  the 
foramen  ceecum  ;  a  centre  on  either  side  in  corre- 
spondence with  the  position  of  each  trochlear  fossa ; 
and  a  centre  for  each  external  angular  process. 
Fusion  between  these  secondary  and  the  primary 
centres  is  usually  complete  about  the  sixth  or 
seventh  month  of  foetal  life.  At  birth  the  two 
symmetrical  halves  of  the  bone  are  separated  by  the 
metopic  suture,  obliteration  of  which  gradually 
takes  place,  so  that  about  the  fifth  or  sixth  year  it 
is  more  or  less  completely  closed,  traces  only  of  the 
suture  being  left  above  and  below.  In  about  eight 
per  cent  of  Europeans,  however,  the  suture  persists 
in  the  adult  (see  ante).  At  birth  the  supraorbital 
notches  lie  near  the  middle  of  the  supraosbital  arches. 

Traces  of  the  frontal  sinuses  may  be  met  with 
about  the  second  year,  but  it  is  only  about  the  age 
of  seven  that  they  can  be  definitely  recognised.    From  that  time  they  increase  in  size  till 
the  age  of  puberty,  subsequent  to  which  time  they  attain  their  maximum  development. 


FiG.  79. — Ossification  of  Frontal  Bone. 

ft,  Metopic  suture  still  open,  b.  Position  of 
primary  centre,  c,  Centre  for  external 
angular  process,  d,  Centre  for  region  of 
troclilea.    e,  Centres  for  nasal  spine. 


The  Paeietal  Bones. 

The  parietal  bones  (ossa  parietalia),  two  in  number,  are  placed  on  either  side 
of  the  vault  of  the  cranium,  articulating  with  the  frontal  anteriorly,  the  occipital 
posteriorly,  and  the  temporals  and  sphenoid  inferiorly.  Each  bone  possesses  an 
external  and  internal  surface,  four  borders,  and  four  angles. 

The  external  surface,  convex  from  above  downwards  and  from  before  backwards, 
displays  towards  its  centre  a  more  or  less  pronounced  elevation,  the  parietal  eminence 
(tuber  parietale).  This  marks  the  position  of  the  primitive  ossific  centre,  and  not 
unfrequently  corresponds  to  the  point  of  maximum  width  of  the  head.  At  a 
variable  distance  from  the  lower  border  of  the  bone,  and  more  or  less  parallel  to  it,  two 
curved  lines  can  usually  be  distinguished ;  these  together  constitute  the  temporal  crest. 
The  superior  temporal  line  (linea  temporalis  superior)  serves  for  the  attachment  of 
the  temporal  fascia ;  the  inferior  temporal  line  (linea  temporalis  inferior)  defines  the 
attachment  of  the  temporal  muscle,  the  extent  and  development  of  which  necessarily 
determines  the  position  of  the  crest.  The  surface  below  the  crest  enters  into  the 
formation  of  the  floor  of  the  temporal  fossa,  and  is  called  the  planum  temporale ;  it 
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also  affords  origin  to  the  temporal  muscle,  and  is  often  faintly  marked  by  grooves 
which  indicate  the  course  of  the  middle  temporal  artery. 

Above  the  superior  temporal  line  the  bone  is  covered  only  by  the  tissues  of  the 
scalp.  Near  its  upper  Ijorder,  and  about  an  inch  from  its  posterior  superior  angle, 
is  the  small  parietal  foramen  (foramen  parietale),  through  which  pass  a  small 
arteriole  and  an  emissary  vein. 

The  inner  or  cerebral  aspect  is  concave  from  side  to  side  and  from  above  down- 
wards,, moulded  over  the  surface  of  portions  of  the  frontal,  parietal,  occipital,  and 
temporal  lobes  of  the  cerebrum,  it  displays  impressions  corresponding  to  the  arrange- 
ment of  the  convolutions  of  these  portions  of  the  brain.  It  also  presents  a  series 
of  well-marked  grooves  for  the  lodgment  of  the  branches  of  the  middle  meningeal 
artery ;  these  radiate  from  the  anterior  inferior  angle  of  the  bone,  the  best  marked 
running  upwards  at  some  little  distance  behind  and  parallel  to  its  anterior  border. 
Within  the  upper  margin  are  a  series  of  depressions  for  Pacchionian  bodies, 
and  here  also  the  bone  is  channelled  so  as  to  form  a  groove  (sulcus  sagittalis), 


Fig.  80. — Right  Parietal  Bone  (Outer  Side). 


which  is  completed  by  articulation  with  its  fellow  of  the  opposite  side.  Within 
this  groove  lies  the  superior  longitudinal  venous  sinus,  and  to  its  edges  the  falx  cerebri 
is  attached.  Close  to  the  inferior  posterior  angle  there  is  also  a  curved  groove,  the 
lateral  sulcus,  in  which  the  lateral  venous  sinus  is  lodged. 

The  anterior,  superior,  and  posterior  borders  are  deeply  serrated.  The  anterior 
articulates  with  the  frontal  bone,  and  constitutes  the  coronal  suture  ;  the  posterior  is 
united  with  the  occipital  bone,  and  forms  the  lambdoid  suture.  The  superior  border 
articulates  with  its  fellow  of  the  opposite  side  by  means  of  the  sagittal  suture ;  in 
the  interval  between  the  two  parietal  foramina  this  suture  is  usually  simple  in  its 
outline.  The  anterior  siiperior  angle  (angulus  frontalis)  is  almost  rectangular,  and 
corresponds  to  the  site  of  tlie  anterior  fontanelle.  The  'posterior  superior  angle 
(angulus  occipitalis),  usually  more  or  less  rounded,  corresponds  in  position  to  the 
posterior  fontanelle.  The  inferior  border  is  curved,  and  shorter  than  the  others,  it 
lies  between  the  anterior  and  posterior  inferior  angles.  Sharp  and  bevelled  at  the 
expense  of  its  outer  table,  it  displays  a  liuted  arrangement,  and  articulates  with 
the  squamous  part  of  the  temporal  bone.    The  anterior  inferior  angle  (angulus 
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sphenoidalis),  pointed  and  prominent,  articulates  with  the  great  wing  of  the 
sphenoid.  It  is  wedged  into  the  angle  formed  by  the  union  of  that  bone  with  the 
frontal,  and  is  bevelled  at  the  expense  of  its  inner  table  anteriorly,  whilst  inferiorly 
it  is  thinned  at  the  expense  of  its  outer  table.  The  posterior  inferior  angle  (angulus 
mastoideus)  is  a  truncated  angle  lying  between  the  inferior  and  posterior  borders. 
It  is  deeply  serrated,  and  articulates  with  the  mastoid  process  of  the  temporal  bone. 
Not  unfrequently  there  is  a  channel  in  this  suture  which  transmits  an  emissary  vein. 

Connexions. — The  parietal  bone  articulates  with  its  fellow,  with  the  frontal,  occipital, 
mastoid  and  squamous  temporal,  and  with  the  sphenoid. 

Architecture. — Thin  towards  its  lower  part,  where  it  enters  into  the  formation  of  the 
temporal  fossa,  it  is  thickest  along  the  superior  border  and  in  the  neighbourhood  of  the  posterior 
superior  angle. 

Variations.— A  number  of  cases  have  been  recorded  in  which  the  parietal  is  divided  into  an 
upper  and  lower  part  hj  an  antero-posterior  suture  parallel  to  the  sagittal  suture.  Coraini 
(Atti.  d.  XI.  Congr.  Med.  Infernaz.  Roma,  1894,  vol.  v.)  records  a  case  in  which  the  j^arietal  was  in- 
completely divided  into  an  anterior  and  posterior  part  by  a  vertical  suture.    Tlie  j^arietal 
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Groove  for  lateral  sinus 
Fig.  81. — Eight  Parietal  Bone  (Inner  Surface). 

foramina  vary  greatly  in  size,  and  to  some  extent  in  position.  They  are  sometimes  absent  on  one 
or  other  side,  or  both.  They  correspond  in  position  to  the  sagittal  fontanelle.  Sometimes  the 
ossification  of  this  fontanelle  is  incomplete  and  a  small  transverse  fissure  remains.  The  parietal 
foramen  represents  the  patent  external  extremity  of  this  fissure  after  its  edges  have  coalesced. 

Ossification. — Ossification  takes  place  in  membrane  by  the  deposition  of  earthy 
matter,  the  centre  for  which,  most  probably  formed  by  the  coalescence  of  two  nuclei, 
appears  over  the  parietal  eminence  about  the  sixth  or  seventh  week  of  foetal  life  ;  from  this, 
it  spreads  in  a  radial  manner  towards  the  edges  of  the  bone,  where,  however,  the  mem- 
branous condition  still  for  some  time  persists  constituting  the  fontanelles.  These  corre- 
spond in  position  to  the  angles  of  the  bone.  Ossification  is  also  somewhat  delayed  in 
the  region  of  the  parietal  foramina,  constituting  what  is  known  as  the  sagittal  fontanelle, 
a  membranous  interval  which  is  not  unfrequently  apparent,  even  at  birth. 

The  Occipital  Bone. 

The  occipital  bone  (os  occipitale),  placed  at  the  back  and  lower  part  of  the 
cranium,  consists  of  three  parts,  arranged  around  a  large  oval  hole,  called  the 
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occipital  foramen  or  foramen  magnum.  The  expanded  curved  plate  behind  the 
foramen  is  the  tabular  or  squamous  part.  The  thick  rod-like  portion  in  front  of  the 
foramen  is  the  basilar  process.  ( )n  either  side  the  foramen  is  bounded  by  the 
lateral  or  condylic  portions. 

The  tabular  or  squamous  part  (squama  occipitalis)  in  shape  somewhat  resembles 
a  Gothic  arch,  and  is  curved  from  side  to  side  and  from  above  downwards.  It  forms 
inferiorly  a  small  portion  of  the  middle  of  tlie  posterior  boundary  of  the  foramen 
magnum,  and  unites  on  either  side  of  that  with  the  lateral  parts  of  the  bone.  About 
the  centre  of  the  external  surface  of  the  squama  there  is  a  prominence — the  external 
occipital  protuberance  (protuberantia  occipitalis  externa),  which  varies  consideralily 
in  its  distinctness  and  projection,  and  serves  for  the  attachment  of  the  ligameutum 
nuch;Te.  From  the  protuberance  on  either  side  two  lines  curve  out  towards 
the  external  angles  of  the  bone.    These  are  known  respectively  as  the  highest  and 


Superior  constrictor 

Fig.  82. — Occipital  Bone  .\s  seen  from  Below. 


superior  curved  lines  (linea  nucha}  suprema  and  linea  nuclue  superior).  To  the 
upper  of  these  the  epicranial  aponeurosis  is  attached,  whilst  the  lower  serves  for 
the  origin  of  the  trapezius  and  occipitalis  muscles  and  the  insertion  of  the  sterno- 
mastoid  and  splenius  capitis  muscles.  The  two  lines  together  serve  to  divide  the 
external  surface  of  the  tabular  part  into  an  upper  or  occipital  portion  (planum 
occipitale),  covered  by  the  hairy  scalp  and  a  lower  or  nuchal  part  (planum  nuchale) 
serving  for  the  attachment  of  the  Heshy  muscles  of  the  back  of  the  neck.  As  a  rule 
the  occipital  part  bulges  backwards  beyond  the  external  occipital  protuberance ; 
exceptionally,  however,  the  latter  process  is  the  most  outstanding  part  of  the  bone. 

The  nuchal  plane,  irregular  and  rough,  is  divided  into  two  lateral  halves  by  a 
median  ridge — the  external  occipital  crest  (linea  nuclue  mediana),  which  stretches 
from  the  external  occipital  protuberance  above  to  the  posterior  border  of  the  foramen 
magnum  Ijclow.  Crossing  the  nuchal  plane  transversely,  about  its  middle,  is  the 
inferior  curved  line  (linea  nuchte  inferior),  which  passes  outwards  and  forwards  on 
eitlier  side  towards  the  lateral  mai-gins  of  the  bone.    The  areas  thus  marked  out 
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serve  for  the  attachment  of  the  complexus,  obliquus  superior,  and  rectus  capitis 
posticus  major  and  minor  muscles. 

The  internal  surface  of  the  squama,  concave  from  side  to  side  and  from  above 
downwards,  is  subdivided  into  four  fossae  by  a  crucial  arrangement  of  ridges  and 
grooves.  The  upper  pair  of  fosste  lodge  the  occipital  lobes  of  the  cerebrum,  the 
lower  pair  the  lobes  of  the  cerebellum.  Near  the  centre  of  this  aspect  of  the  bone 
is  the  internal  occipital  protuberance  (protuberantia  occipitalis  interna),  an  irregular 
elevation,  the  sides  of  which  are  variously  channelled  according  to  the  disposition 
of  the  grooves.  Leading  from  this  to  the  hinder  margin  of  the  foramen  magnum 
is  a  sharp  and  well-deiined  ridge,  the  internal  occipital  crest  (crista  occipitalis 
interna),  which  serves  for  the  attachment  of  the  falx  cerebelli,  a  process  of  dura 
mater  which  separates  the  two  cerebellar  hemispheres.    Passing  upwards  from  the 


For  superior  longitudinal  sinus  and  falx  cerebri  Superior  angle 


Fig.  83. — Occipital  Bone  (Inner  Surface). 


internal  occipital  protuberance  there  is  usually  a  well-marked  ridge,  to  one  or  other 
side  of  which,  more  frequently  the  right  (with  the  bone  in  the  normal  position  and 
viewed  from  behind),  there  is  a  well-defined  groove,  the  sulcus  sagittalis,  the  outer 
lip  of  which  is  generally  less  prominent.  Placed  in  this  groove  is  the  superior 
longitudinal  venous  sinus,  and  attached  to  the  lips  is  the  falx  cerebri.  At  right 
angles  to  the  foregoing,  and  at  the  level  of  the  internal  occipital  protuberance,  with 
which  they  become  confluent,  are  two  transverse  grooves,  the  sulci  transversi.  These 
grooves,  which  have  more  or  less  prominent  edges,  lie  between  the  upper  and  lower 
pairs  of  fossae,  and  serve  for  the  attachment  of  the  tentorium  cerebelli  as  well  as 
the  lodgment  of  the  lateral  blood-sinuses.  Commonly  the  right  lateral  groove  is 
confluent  with  the  groo^-e  to  the  right  side  of ,  the  median  ridge,  but  exceptions  to 
this  rule  are  not  infrequent.  The  angle  formed  by  the  union  of  the  venous  sinuses 
lodged  in  these  grooves  constitutes  the  torcular  Herophili,  which  may  accordingly 
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be  placed  to  one  or  other  side  of  the  internal  occipital  protuberance,  more  frequently 
the  right ;  in  some  cases,  however,  it  may  occupy  a  central  position. 

The  superior  angle,  more  or  less  sharp  and  pointed,  is  wedged  in  between  the 
two  parietal  bones,  its  position  corresponding  to  the  site  of  the  posterior  fontanelle. 
The  lateral  angle  articulates  on  either  side  with  the  posterior  extremity  of  the 
mastoid  portion  of  the  temporal  bone.  The  sujyerior  borders,  much  serrated,  articu- 
late with  the  parietal  bones  forming  the  lambdoid  suture ;  and  the  lateral  edges, 
extending  from  the  external  angles  to  the  jugular  process  inferiorly,  are  connected 
with  the  iinier  sides  of  the  mastoid  portions  of  the  temporals. 

The  lateral  or  condylic  parts  of  the  occipital  bone  (partes  laterales)  are  placed 
on  either  side  of  the  foramen  magnum ;  on  their  under  surface  they  bear  the 
condyles  (condyli  occipitales)  by  means  of  which  the  skull  articulates  with  the 
*  atlas  vertebra.  Of  elongated  oval  form,  the  condyles  are  so  disposed  that  their 
anterior  extremities,  in  line  with  the  anterior  margin  of  the  foramen  magnum,  lie 
closer  together  than  their  posterior  ends,  which  extend  as  far  back  as  the  middle  of 
the  external  borders  of  the  foramen.  Convex  from  before  backwards,  they  are 
skewed  so  that  their  surfaces,  which  are  nearly  plane  from  side  to  side,  are  directed 
slightly  outwards.  Each  is  supported  on  a  boss  of  bone,  pierced  by  the  anterior 
condylic  foramen  (canalis  hypoglossi),  which  opens  obliquely  from  within  outwards 
and  forwards  on  the  floor  of  a  fossa  called  the  anterior  condylic  fossa,  situated  just 
external  to  the  fore  part  of  the  condyle.  The  foramen  transmits  the  hypoglossal  or 
XII.  cranial  nerve,  together  with  a  meningeal  branch  of  the  ascending  pliaryngeal 
artery  and  its  companion  veins.  Behind  the  condyle  is  placed  the  posterior  condylic 
fossa,  in  the  floor  of  which  the  posterior  condylic  foramen  frequently  opens.  Through 
this  a  vein  passes  which  joins  the  lateral  sinus.  The  edge  of  the  foramen  magnum 
immediately  behind  the  condyle  is  often  grooved  for  the  passage  of  the  vertebral 
artery  around  it.  Jutting  out  from  the  posterior  half  of  the  condyle  is  a  stout  bar 
of  lione,  serially  homologous  with  the  vertebral  transverse  process — this  is  the 
jugular  process  (processiis  jugularis);  deeply  notched  in  front,  its  anterior  border 
is  free  and  rounded,  and  forms  the  posterior  boundary  of  the  jugular  foramen. 
Curving  outwards  from  this  margin,  in  line  with  the  anterior  condylic  foramen, 
there  is  often  a  small  pointed  projection,  the  processus  intra-jugulare,  which  serves 
to  divide  the  jugular  foramen  into  two  compartments.  Externally  the  jugular 
process  articulates  by  means  of  a  synchondrosis  with  the  jugular  surface  of  the 
petrous  part  of  the  temporal  Ijone.  Its  posterior  border  is  confluent  with  the  lower 
and  lateral  portion  of  the  occipital  squama,  and  its  under  surface  is  rough  and 
tubercular  for  the  attachment  of  the  rectus  capitis  lateralis  muscle.  The  superior 
aspect  of  the  lateral  part  displays  on  either  side  of  the  foramen  magnum  an  elevated 
surface  of  oval  form,  the  tuberculum  jugulare  ;  this  corresponds  to  the  part  of  tlie 
bone  which  bridges  over  the  canal  for  the  hypoglossal  nerve.  Its  upper  surface  in 
many  instances  displays  an  oblique  groove  running  across  it ;  in  this  are  lodged  the 
glosso-pharyngeal,  vagus,  and  accessory  nerves.  The  jugular  process  is  deeply 
grooved  above  for  the  lower  part  of  the  lateral  blood  sinus,  which  here  turns  round 
the  anterior  free  edge  of  the  process  into  the  jugular  foramen.  Joining  this,  close 
to  its  inner  edge,  is  the  opening  of  the  posterior  condylic  foramen  when  that  canal 
exists. 

The  basilar  part  of  the  occipital  lione  (pars  basilai'is)  extends  forwards  and 
upwards  from  the  forameii  magnum.  Its  anterior  extremity  is  usually  sawn  across, 
as  after  adult  life  it  is  necessary  to  sever  it  in  this  way  from  the  sphenoid,  the 
cartilage  uniting  the  two  bones  having  by  that  time  become  completely  ossified. 
Broad  and  thin  behind,  it  narrows  and  tliickens  anteriorly,  where  on  section  it 
displays  a  quadrilateral  form.  Projecting  from  its  under  surface  some  little 
distance  in  front  of  the  foramen  magnum  is  the  pharjmgeal  tubercle  (tubercuhnii 
pharyngeum)  to  which  the  flbrous  raphe  of  the  pharynx  is  attached ;  on  either  side 
of  this  the  rectus  capitis  anticus  major  and  minor  muscles  are  inserted.  The  upper 
surface  forms  a  broad  and  shallow  groove  which  slopes  upwards  and  forwards  from 
the  thin  anterior  margin  of  the  foramen  magnum ;  in  this  rests  the  medulla 
oblongata.  On  either  side  its  lateral  edges  are  faintly  grooved  for  the  inferior 
petrosal  venous  sinuses,  below  which  the  lateral  aspect  of  the  bone  is  rough  for  the 
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cartilage  which  unites  it  to  the  sides  and  apex  of  the  petrous  part  of  the  temporal 
bone. 

The  foramen  magnum,  of  oval  shape,  so  disposed  that  its  long  axis  lies  in  the 
sagittal  plane,  is  of  variable  size  and  form.  The  plane  of  its  outlet  differs  somewhat 
in  individual  skulls;  in  most  instances  it  is  directed  downwards  and  slightly 
forwards.  In  front  the  condyles  encroach  upon  it,  and  narrow  to  some  extent  its 
transverse  diameter.  To  its  margins  are  attached  the  ligaments  which  unite  it 
with  the  atlas  and  axis.  Through  it  pass  the  lower  part  of  the  medulla  oblongata 
where  it  becomes  continuous  with  the  spinal  cord,  the  two  vertebral  arteries,  the 
spinal  accessory  nerves,  and  the  blood  vessels  of  the  meninges  of  the  upper  part  of 
the  cord. 

Connexions. — The  occipital  bone  articulates  with  the  two  parietals  in  front  and  above,  with 
the  sphenoid  in  front  and  below,  with  the  two  temporals  on  either  side,  and  with  the  atlas 
vertebra  by  means  of  its  condyles. 

Architecture. — The  squamous  part  displays  thickenings  in  the  position  of  the  various  ridges 
and  crests,  the  stoutest  part  corresponding  to  the  internal  and  external  occipital  protuberances, 
though  it  should  be  noted  that  the  two  protuberances  do  not  necessarily  coincide,  the  internal 
being,  as  a  rule,  placed  at  a  higher  level  than  the  external.  If  the  bone  be  held  up  to  the  light 
it  will  be  at  once  apparent  that  it  is  much  thinner  where  it  forms  the  floor  of  the  inferior  fosste 
than  in  the  upper  part.  The  basilar  portion  consists  of  a  sj^ongy  core  surrounded  by  a  more 
compact  outer  envelope,  thickest  on  its  lower  surface.  In  the  condyles  the  spongy  tissue  is 
arranged  radially  to  their  convex  articular  surfaces,  the  hypoglossal  canal  being  surrounded  by 
particularly  dense  and  compact  bone. 

Variations. — The  most  striking  of  the  many  variations  to  which  this  bone  is  subject  is  the 
separation  of  the  upper  part  of  the  occipital  squama  to  form  an  independent  bone — the  inter- 
parietal bone,  callecl  also,  from  the  frequency  of  its  occurrence  in  Peruvian  skulls,  the  os  Incae. 
As  will  be  seen  below  (see  ossification),  the  occurrence  of  this  anomaly  is  explained  de.velopment- 
ally.  In  jjlace  of  forming  a  single  bone  the  interparietal  is  occasionally  met  with  in  two 
symmetrical  halves,  and  instances  have  been  recorded  of  its  occurrence  in  three  or  even  four 
pieces.  In  the  latter  cases  the  two  anterior  parts  form  the  pre-interparietals.  The  articular 
surface  of  the  condyles  is  sometimes  divided  into  an  anterior  and  posterior  part.  The  so-called 
third  occipital  condyle  is  an  outstanding  process  rising  from  the  anterior  border  of  the  foramen 
magnum,  the  extremity  of  which  articulates  with  the  odontoid  process  of  the  axis.  Springing 
from  the  under  surface  of  the  extremity  of  the  jugular 
process,  a  rough  or  smooth  elevated  surface,  or  else  a 
projecting  process,  the  extremity  of  which  may  articu- 
late with  the  transverse  process  of  the  atlas,  is  some- 
times met  with.  This  is  the  paroccipital  or  para- 
mastoid  process.  Numerous  instances  of  fusion  of  the 
atlas  with  the  occipital  bone  have  been  recorded.  Many 
are,  no  doubt,  pathological  in  their  origin ;  others  are 
associated  with  errors  in  development.  Interesting 
anomalies  are  these  in  which  there  is  evidence  of  the 
intercalation  of  a  new  vertebral  element  between  the 
atlas  and  occipital,  constituting  what  is  termed  a 
proatlas. 


Ossification. — The  major  part  of  the  bone 
ossifies  in  cartilage,  the  upper  part  of  the  squama 
(interparietal),  alone  developing  in  membrane.  The 
basilar  part  begins  to  ossify  about  the  sixth  week 
of  foetal  life  by  the  appearance  of  two  centres,  one 
in  front  of  the  other ;  the  anterior,  according  to 
Albrecht,  constitutes  the  basiotic,  the  posterior  the 
basioccipital.  These  two  centres — which  there  is 
some  reason  to  believe — may  themselves  be  formed 
by  the  fusion  of  pairs  placed  laterally,  rapidly  unite, 
so  that  the  occurrence  of  one  centre  alone  is  « 
frequently  described.  From  this  the  fore  part  of  Fig.  84.— Ossification  of  Occipital  Bone, 
the  margin  of  the  foramen  magnum  is  formed, 
together  with  a  portion  of  the  anterior  end  of  the 
occipital  condyle  on  either  side.  It  helps  also 
to  close  up  the  front  of  the  anterior  condylic 
canal.  Union  with  the  condylic  parts  is  com- 
plete about  the  fourth  or  fifth  year.  Ankylosis 
between  the  basioccipital  and  the  sphenoid  takes  place  about  the  twenty-fifth  year. 

The  lateral,  condylic,  or  exoccipital  parts  begin  to  ossify  from  a  single  centre  about 


a,  Basilar  centre  ;  6,  Exoccipital  ;  c.  Ossicle 
of  Kerkring  ;  d,  Supra-occipital  (from  car- 
tilage) ;  e.  Fissure  between  supra-occipital 
and  interparietal-;  /,  Interparietal  (from 
membrane)  ;  g,  Fissure  between  inter- 
parietals. 
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the  end  of  the  second  month  of  foetal  life.  The  notch  for  the  hj-poglossal  canal  appears 
about  the  third  month.  From  this  centre  is  formed  the  posterior  three-fourths  of  the 
occij^ital  condyle.  The.  exoccipital  is  visually  completely  fused  with  the  squama  by  the 
third  year  or  earlier. 

As  ali'eady  noted,  the  squama  consists  of  two  parts — the  one  above  the  occipital  crest, 
the  other  below  it ;  the  former  develops  in  membrane,  the  latter  in  cartilage.  In  a 
three-months  foetus  this  difterence  is  very  characteristic.  The  cartilagirious  part  (supra- 
occipital)  begins  to  ossify  from  two  centres  about  the  sixth  or  seventh  week,  which 
rapidly  join  to  form  an  elongated  strip  placed  transversely  in  the  region  of  the  occipital 
protuberance.  The  centres  for  the  upper  part  (interparietal)  appear  later.  According  to 
Maggi  [Arch.  Ital.  Biol,  tome  26,  fas.  2,  p.  301),  they  are  four  in  number,  of  which  two 
placed  on  either  side  of  the  middle  line  appear  about  the  second  month.  The  other  pair, 
placed  laterally,  are  seen  about  the  third  month ;  fusion  between  these  takes  place  early, 
but  their  disposition  and  arrangement  explain  the  anomalies  to  which  this  part  of  the 
bone  is  subject.  The  mesial  pair  may  persist  as  separate  ossicles,  or  fuse  to  form  the 
pre-interparietals,  whilst  the  lateral  pair  may  remain  independent  of  the  supraoccipital  as 
a  single  or  double  interparietal  bone.  Union  between  the  supraoccipital  and  the  inter- 
parietal elements  occurs  about  the  third  or  fourth  mouth  ;  but  evidence  of  their  separation 
is  frequently  met  with  even  in  the  adult  by  the  persistence  of  a  transverse  suture  runnhig 
inwards  from  each  external  angle  of  the  squama,  or,  as  above  mentioned,  there  may  be  an 
OS  IncEe.  The  supraoccipital  forms  a  small  part  of  the  middle  of  the  hinder  border  of  the 
foramen  magnum,  though  here  a  small  independent  centi'e,  known  as  the  ossicle  of 
Kerkriug,  is  occasionally  met  with.  Other  independent  centres  are  sometimes  seen 
between  the  supraoccipital  and  the  exoccipitals. 

At  birth  the  occipital  consists  of  four  parts — the  interparietal  and  supraoccipital 
combined,  the  basioccipital,  and  the  exoccipitals — one  on  either  side. 

The  Temporal  Bones. 

The  temporal  bone  (os  temporale)  lies  about  the  centre  of  the  lower  half  of  either 
side  of  the  skull,  and  enters  largely  into  the  formation  of  the  cranial  base.  It  is 
placed  Ijetween  the  occipital  behind,  the  parietal  above,  the  sphenoid  in  front,  and 
tlie  occipital  and  splienoid  internally  and  below.  At  birth  it  consists  of  three 
parts — an  upper  and  outer  part,  the  squamous  or  scLuamo-zygomatic  portion ;  an  inner 
and  posterior  portion,  the  petro-mastoid,  which  contains  the  organ  of  hearing, 
together  with  that  specially  associated  with  equilibration  ;  and  an  under  or  tympanic 
part,  from  which  the  Hoor  and  anterior  wall  of  the  external  auditory  meatus  is 
formed. 

The  squamous  part  (pars  squamosa)  consists  of  a  thin  shell-like  plate  of  bone 
placed  vertically,  having  an  inner  (cerebral)  and  an  outer  (temporal)  surface  and  a 
semicircular  upper  border.  Inferioiiy,  behind,  and  internally  it  is  fused  in  early 
life  with  the  petro-mastoid  portion  by  means  of  the  squamoso-mastoid  and  the 
petro-squamosal  sutures,  traces  of  which  are  often  met  with  in  the  adult  l)one ; 
whilst  below  and  in  front  it  is  separated  from  the  tympanic  and  petrous  parts  by 
the  Glaserian  fissure.  Its  external  surface,  smooth  and  slightly  convex,  enters  into 
the  formation  of  the  iioor  of  the  temporal  fossa,  and  affords  attachment  to  the 
temporal  muscle.  Near  its  hinder  part  it  is  crossed  by  one  or  more  ascending 
grooves  for  the  branches  of  the  middle  temporal  artery.  In  front  and  below  there 
springs  from  it  the  zygomatic  process  (processiis  zygomaticus).  This  arises  by  a 
laoad  attachment,  the  surfaces  of  which  are  inferior  and  superior ;  curving  outwards 
and  forwards,  it  then  becomes  twisted  and  narrow  so  that  its  sides  are  turned 
inwards  and  outwards  and  its  edges  directed  upwards  and  downwards.  Anteriorly 
it  ends  in  an  obliqi;e  serrated  extremity  which  articulates  with  the  zygomatic  pro- 
cess of  the  malar  bone.  Posteriorly  the  edges  of  this  process  separate  and  are 
termed  its  roots.  The  upper  edge,  which  becomes  the  posterior  root,  sweeps  back 
over  the  external  auditory  meatus,  and  is  confluent  with  a  ridge,  the  supra-mastoid 
crest,  which  curves  backwards  and  slightly  upwards,  and  serves  to  define  the  limit 
of  the  temporal  fossa  posteriorly.  The  inferior  edge  turns  inwards  and  constitutes 
the  anterior  root ;  the  under  surface  of  this  forms  a  transversely-placed  rounded 
ridge,  tlie  articular  eminence  (tuberculum  articulare),  behiiul  which  there  is  a  deep 
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hollow,  the  glenoid  fossa  (fossa  mandibularis),  luuited  posteriorly  by  the  tympanic 
plate,  and  crossed  at  its  deepest  part  by  an  oblique  fissure,  the  Glaserian  fissure 
(fissura  petro-tympanica).  This  cleft,  which  is  closed  externally,  transmits  al;)Out 
its  middle  the  tympanic  branches  of  the  internal  maxillary  artery,  and  lodges  the 
slender  process  of  the  malleus.  At  its  inner  end  the  lips  of  this  fissure  are 
frequently  separated  by  a  thin  scale  of  bone,  a  downgrowth  from  the  tegmen 
tympani  of  the  petrous  part,  which  here  separates  the  tympanic  from  the  squamous 
elements,  forming  in  its  descent  the  major  part  of  the  outer  wall  of  the  osseous 
Eustachian  canal,  which  lies  immediately  internal  to  it.  Between  this  scale  of  bone 
and  the  posterior  edge  of  the  fissure  there  is  a  small  canal  (canal  of  Huguier),  which 
transmits  the  chorda  tympani  nerve.  The  part  of  the  glenoid  fossa  in  fron,t  of  the 
fissure  articulates  with  the  condyle  of  the  inferior  maxilla,  through  the  medium 
of  the  interarticular  cartilage,  which  is  here  interposed  and  rests  as  well  on  the 
tuberciihmi  articulare.    Anteriorly  the  part  of  the  fossa  behind  the  fissure  is  non- 


Fio.  85. — Right  Tejipoeal  Bone  as  seen  from  the  Ooteb  Side. 


articular  and  lodges  a  portion  of  the  parotid  gland.  At  the  angle  formed  by  the 
divergence  of  the  two  roots  of  the  zygoma,  in  correspondence  with  the  outer  part 
of  the  articular  eminence,  there  is  a  rounded  tubercle ;  to  this  are  attached  the 
fibres  of  the  external  lateral  ligament  of  the  temporo-mandibular  joint.  In  front 
of  the  inner  end  of  the  articular  eminence  there  is  a  small  triangular  surface, 
limited  in  front  by  the  edge  of  the  anterior  root,  and  internally  by  a  thick  serrated 
margm  which  articulates  with  the  outer  side  of  the  great  wing  of  the  sphenoid ; 
this  area  forms  part  of  the  roof  of  the  zygomatic  fossa.  Just  anterior  to  the 
external  auditory  meatus  and  projecting  downwards  from  the  under  surface  of  the 
posterior  root  there  is  a  conical  process,  called  the  post-glenoid  tubercle,  which  forms 
a  prominent  anterior  lip  to  the  external  extremity  of  the  Glaserian  fissure ;  it  is  the 
representative  in  man  of  a  process  which  occurs  in  some  mammals  and  prevents  the 
backward  displacement  of  the  lower  jaw.  By  some  anatomists  it  is  referred  to  as 
the  middle  root  of  the  zygoma. 

The  zygomatic  process  by  its  lower  margin  and  inner  surface  gives  origin  to  the 
masseter  muscle,  whilst  attached  to  its  upper  edge  are  the  layers  of  the  temporal 
fascia.  Behind  the  external  auditory  meatus,  and  below  the  supramastoid  crest,  the 
squamous  element  extends  downwards  as  a  pointed  process,  which  assists  in  forming 
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the  roof  and  posterior  wall  of  the  external  auditory  meatus,  where  it  unites 
inferiorly  with  the  tympanic  plate.  In  the  adult  this  process  is  occasionally 
sharply  defined  posteriorly  by  an  oblique  irregular  fissure,  the  remains  of  the 
masto-squamosal  suture. 

Professor  Macewen  has  pointed  out  that  this  suture  frequently  remains  open  till 
puberty  and  occasionally  after,  and  may  be  of  importance  as  a  channel  along  which  in- 
fective processes  may  extend. 

The  inner  surface  of  the  squamous  part,  less  extensive  than  the  outer  aspect 
owing  to  the  bevelling  of  the  superior  border,  is  marked  by  the  impression  of  the 
convolutions  of  the  temporal  lobe  of  the  cerebrum,  and  is  limited  below  by  the 
petro-squamosal  suture,  the  remains  of  which  can  frequently  be  seen.  It  is  crossed 
in  front  by  an  ascending  groove  for  the  middle  meningeal  artery,  branches  from 
which  course  backwards  over  the  bone  in  grooves  more  or  less  parallel  to  its  upper 
border. 


Fig.  86. — Right  Temporal  Bone  (Inner  Side). 


The  superior  border  of  the  squamous  part  is  curved,  sharp,  and  scale-like,  being 
be\'elled  at  the  expense  of  its  inner  table,  except  in  front,  where  the  margin  is  thick 
and  stout.  Here  it  articulates  with  the  great  wing  of  the  sphenoid,  its  union  with 
that  bone  extending  to  near  the  fore  part  of  the  smnmit  of  the  curve,  behind  which 
it  is  united  to  the  parietal  overlapping  the  lower  border  of  that  bone ;  posteriorly 
the  free  margin  of  the  squamous  part  ends  at  an  angle  formed  between  it  and  the 
mastoid  process  called  the  incisura  parietalis. 

The  tympanic  part  (par.s  tynq)anica)  of  the  temporal  bone  forms  the  anterior, 
lower,  and  part  of  the  posterior  wall  of  the  external  auditory  meatus.  Bounded 
in  front  and  above  by  the  Glaserian  fissure,  it  forms  the  hinder  wall  of  the  non- 
articular  part  of  the  glenoid  fossa.  Fused  internally  with  the  petrous  part,  its 
lower  edge,  sharp  and  well  defined  internally,  splits  to  enclose  the  root  of  the 
projecting  styloid  process,  and  is  lience  called  the  vaginal  process.  Externally  it 
unites  with  the  fore  part  of  the  mastoid  process,  and  liiglier  up  with  the  descending 
l)rocess  of  the  squamous  part,  from  both  of  which  it  is  sepaiated  by  the  auricular 
fissure  (fissura  tympano  -  mastoidea)  through  which  the  auricular  branch  of  the 
vagus  escapes.    Its  free  border,  which  forms  the  anterior,  lower,  and  part  of  the 
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posterior  border  of  the  external  auditory  meatus,  is  usually  somewhat  thickened 
and  rough,  and  serves  for  the  attachment  of  the  cartilaginous  part  of  the  canal. 

The  external  auditory  meatus  (meatus  acusticus  externus)  is  directed  obliquely 
inwards  and  a  little  forwards,  and  describes  a  slight  curve,  the  convexity  of  which 
is  directed  upwards  ;  of  oval  form,  its  long  axis,  near  its  orifice,  is  nearly  vertical,  but, 
as  it  passes  inwards,  inclines  somewhat  forwards  so  as  to  give  a  twist  to  the  canal. 
The  upper  margin  of  the  outer  orifice  overhangs  considerably  the  lower  edge,  but 
owing  to  the  obliquity  of  the  inner  aperture,  to  which  the  membrana  tympani  is 
attached,  the  upper  and  lower  walls  of  the  osseous  canal  are  nearly  equal  in  length. 

The  petro-mastoid.  part  (pars  petrosa  et  mastoidea)  of  the  temporal  bone,  of 
pyramidal  form,  is  fused  to  the  inner  aspect  of  the  tympanic  and  squamosal 
portions,  extending  behind  them,  however,  to  form  the  well-marked  and  prominent 
mastoid  process,  which  lies  posterior  to  the  external  auditory  meatus.  This  process 
(pars  mastoidea)  forms  a  nipple-like  projection,  the  size  of  which  differs  considerably 
in  different  individuals.  Usually  larger  in  the  male  than  in  the  female,  its  rough 
outer  surface  and  lower  border  serve  for  the  insertions  of  the  sterno-mastoid, 
trachelo-mastoid,  and  splenius  capitis  muscles.  Within  and  below  its  pointed 
extremity  there  is  a  deep  groove  (incisura  mastoidea),  usually  well  marked,  which 
gives  origin  to  the  posterior  belly  of  the  digastric  muscle ;  whilst  lying  to  the  inner 
side  of  this,  and  separated  from  it,  by  a  more  or  less  well-defined  rough  ridge,  there 
can  oftentimes  be  seen  a  narrow,  shallow  furrow,  which  indicates  the  course  of  the 
occipital  artery.  The  inner  surface  of  the  mastoid  portion  forms,  in  part,  the  lateral 
wall  of  the  posterior  cranial  fossa,  in  which  the  cerebellar  lobes  are  lodged. 
Coursing  across  this  aspect  of  the  bone  there  is  a  broad  curved  groove,  the  con- 
vexity of  which  is  directed  forwards  and  lies  in  the  angle  formed  by  the  base  of  the 
petrous  part,  and  its  fusion  with  the  mastoid  portion.  The  depth  to  which  the  bone 
is  here  channelled  varies  considerably,  and  is  important  from  a  surgical  standpoint, 
as  herein  lies  the  sigmoid  portion  of  the  lateral  venous  sinus.  Anteriorly  the 
mastoid  is  fused  with  the  descending  process  of  the  squamosal  above,  and  below, 
where  it  is  united  with  the  tympanic,  it  enters  into  the  formation  of  the  posterior 
wall  of  the  external  auditory  meatus  and  the  cavity  of  the  tympanum.  Above,  its 
free  margin  is  rough  and  serrated,  and  articulates  with  the  posterior  inferior  angle 
of  the  parietal;  behind  and  below  it  articulates  by  a  jagged  suture  with  the 
occipital.  Traversing  this  suture,  or  near  it,  is  the  mastoid  foramen  (foramen 
mastoideum),  which  transmits  a  vein  from  the  lateral  sinus  to  the  cutaneous 
occipital  vein. 

The  petrous  part  of  the  petro-mastoid  is  of  the  form  of  an  elongated  three-sided 
pyramid.  By  its  base  it  is  united  obliquely  to  the  inner  sides  of  the  squamosal 
and  tympanic  parts.  Its  apex  is  diredted  inwards,  forwards,  and  a  little  upwards. 
Its  three  surfaces  are  arranged  as  follows  : — The  superior  or  anterior  looks  upwards, 
slightly  forwards,  and  a  little  outwards,  and  forms  part  of  the  floor  of  the  middle 
cranial  fossa.  The  posterior  is  directed  backwards  and  inwards,  and  forms  part  of 
the  anterior  wall  of  the  posterior  cranial  fossa.  The  inferior  is  seen  on  the  under 
surface  of  the  base  of  the  skull,  and  is  directed  downwards.  The  borders  are  named 
respectively  anterior,  superior,  and  posterior. 

The  anterior  border  is  short,  and  forms  an  acute  angle  with  the  fore  part  of  the 
squamous  part  within  which  is  received  the  spinous  part  of  the  great  wing  of  the 
sphenoid.  Here,  too,  the  osseous  Eustachian  canal  (canalis  niusculotubarius)  may  be 
seen  leading  backwards  and  outwards  from  the  summit  of  the  angle  to  reach  the 
fore  part  of  the  cavity  of  the  tympanum.  On  looking  into  it,  the  canal  is  seen  to 
be  divided  into  two  unequal  parts  by  an  osseous  partition,  the  cochleariform  process 
(septum  tubie).  The  upper  compartment,  the  smaller  of  the  two  (semicanalis 
m.  tensoris  tympani),  lodges  the  tensor  tympani  muscle,  whilst  the  lower  (semi- 
canalis tubse  auditivse)  forms  the  osseous  part  of  a  channel  (the  Eustachian  tube), 
which  serves  to  conduct  air  from  the  pharynx  to  the  tympanum. 

The  posterior  larder  is  in  part  articular  and  in  part  non-articular.  Posteriorly 
and  externally  it  corresponds  to  the  upper  margin  of  an  area  on  the  inferior 
surface  with  which  the  extremity  of  the  jugular  process  of  the  exoccipital  articulates. 
In  front  of  that  it  is  irregularly  notched,  and  forms  the  free  anterior  edge  of  the 
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jugular  foramen,  internal  to  which  it  has  a  sharp  curved  border,  often  grooved, 
reaching  to  the  apex.  This  groove,  which  is  completed  by  articulation  with  the 
outer  side  of  the  basioccipital,  lodges  the  inferior  petrosal  venous  sinus. 

The  superior  "border  is  a  twisted  edge  which  is  continiious  with  the  upper  margin 
of  the  groove  for  the  lateral  sinus  posteriorly,  and  anteriorly  and  internally  reaches 
the  apex  of  the  bone.  liunning  along  it  there  is  usually  a  well-marked  groove  for 
the  superior  petrosal  venous  sinus,  and  near  its  inner  extremity  it  is  slightly  notched 
for  the  passage  of  the  trigeminal  nerve.  Along  the  entire  length  of  this  border  tlie 
tentorium  cerebelli  is  attached. 

On  the  inferior  surface  of  the  petrous  part,  which  is  bounded  in  front  by  the 
anterior  border  internally  and  the  tympanic  plate  externally,  and  behind  Ijy  the 


(jugular)  by  articidation  with  the  occipital  bone.  Behind  and  external  to  the  fossa 
tliere  is  a  small  q,uadrilateral  surface,  which  is  united  to  the  extremity  of  the  jugular 
process  of  the  exoccipital  by  a  synchondrosis.  Inside  the  fossa,  on  its  outer 
aspect,  or  placed  on  its  external  border,  is  the  opening  of  a  small  canal 
(canaliculus  mastoideus),  which  passes  outwards  to  open  into  the  canalis 
facialis,  and  transmits  the  auricular  branch  of  the  vagus  (Arnold's  nerve),  which 
ultimately  escapes  through  the  auricular  fissure  (see  a7ite).  In  front  of  the 
jugular  fossa  and  separated  from  it  by  a  sharp  crest,  and  just  internal  to  tlie 
tympanic  plate,  is  the  circular  opening  of  the  inferior  orifice  of  the  carotid  canal 
(canalis  caroticus).  Directed  at  first  upwards,  this  canal  bends  at  a  right  angle  and 
turns  forwards  and  inwards,  lying  parallel  to  the  anterior  border ;  reacliing  the  fore 
part  of  the  apex  of  the  bone,  it  opens  in  front  by  an  oblique  ragged  orifice.  Througli 
the  canal  the  internal  carotid  artery,  accompanied  by  a  plexus  of  sympatlietic 
nerves,  passes  into  the  cranium.  On  the  ridge  of  bone  separating  the  jugular  fossa 
from  the  carotid  canal  is  the  opening  of  a  small  canal  (canaliculus  tympanicus), 
through  which  the  tympanic  branch  of  the  glosso-pharyngeal  (nerve  of  Jacobson) 
passes  to  reach  the  tympanum.  Within  the  orifice  of  the  carotid  canal  anotlier 
small  opening  or  openings  (canaliculi  carotici  tympanici)  may  be  noticed  wliicli 
afford  passage  to  the  tympanic  branches  of  the  internal  carotid  artery  and  carotid 


Fig.  87. — Right  Temporal  Bone  as  seen  kuom  Bef-ow. 
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posterior  border,  the  follow- 
ing structures  are  to  be 
noted.  Springing  from  and 
ensheathed  by  the  vaginal 
process  is  the  slender  and 
pointed  styloid  process  (pro- 
cessus styloideus),  the  length 
of  which  varies  much.  l*ro- 
jecting  downwards  and 
slightly  forwards  and  in- 
wards, it  afibrds  attachments 
to  the  stylo-glossus,  stylo- 
hyoid, and  stylo-pharyngeus 
muscles  as  well  as  the  stylo- 
hyoid and  stylo-mandibular 
ligaments.  Just  behind  it, 
and  between  it  and  the  mas- 
toid process,  is  the  stylo  - 
mastoid  foramen  (foramen 
stylomastoideum),  which  lies 
at  the  anterior  end  of  the 
digastric  groove,  and  trans- 
mits the  facial  nerve  and  the 
stylo -mastoid  artery.  Im- 
mediately within  the  styloid 
process  there  is  a  deep,  smooth , 
excavated  hollow,  the  jugular 
fossa  (fossa  jugularis),  which 
is  converted  into  a  foramen 
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sympathetic  plexus.  In  front  of  the  jugular  fossa,  and  internal  to  the  orifice  of  the 
carotid  canal,  there  is  a  V-shaped  depression  (fossula  fenestne  cochlete),  on  the  floor 
of  which  and  close  to  the  posterior  border  is  the  orifice  of  the  ■  aqueduct  of  the 
cochlea  (apertura  externa  aqutieductus  cochleae).  In  the  fossa  is  lodged  the  petrous 
ganglion  of  the  glosso-pharyngeal  nerve,  and  the  aqueduct  transmits  a  tubular  pro- 
longation of  the  dura  mater,  which  forms  a  channel  of  communication  between  the 
perilymph  of  the  cochlea  and  the  subarachnoid  space.  A  small  vein  also  passes 
through  it.  In  front  of  and  internal  to  the  orifice  of  the  carotid  canal  the 
under  surface  of  the  apex  of  the  bone  corresponds  to  a  rough  quadrilateral  surface 
which  forms  the  floor  of  the  carotid  canal,  and  also  serves  for  the  attachment  of  the 
cartilaginous  part  of  the  Eustachian  tube  as  well  as  the  origin  of  the  levator 
palati  muscle  ;  elsewhere  it  has  attached  to  it  the  dense  fibrous  tissue  which  fills  up 
the  cleft  (petro-basilar  fissure)  between  it  and  the  basilar  process  of  the  occipital  bone. 

The  superior  or  anterior  surface  bears  the  impress  of  the  convolutions  of  the 
under  surface  of  the  temporal  lobe  of  the  cerebrum,  which  rests  upon  it ;  in 
addition,  however,  a  distinct  but  shallow  depression  (impressio  trigemini)  near  the 
apex,  corresponding  to  the  roof  of  the  carotid  canal,  can  be  seen ;  in  this  is  lodged 
the  Gasserian  ganglion  on  the  sensory  root  of  the  V.  cranial  nerve.  External  to  the 
middle  of  the  upper  surface,  and  close  to  its  posterior  border,  is  the  elevation 
(eminentia  arcuata),  more  or  less  pronounced,  which  marks  the  position  of  the 
^perior  semicircular  canal  here  lodged  within  the  bone.  A  little  in  front  of  this,  and 
in  line  with  the  angle  formed  by  the  anterior  border  and  the  squamous  part,  is  the 
slit-like  opening  of  the  hiatus  Fallopii  (hiatus  canalis  facialis),  within  the  projecting 
lip  of  which  two  small  orifices  can  usually  be  seen.  These  are  the  openings  of  the 
acLUseductus  Fallopii  (canalis  facialis) ;  if  a  bristle  be  passed  through  the  inner  of  the 
two  openings  it  will  be  observed  to  pass  into  the  bottom  of  the  internal  auditory 
meatus,  if  into  the  outer,  it  will  pass  through  the  aqueduct  of  Fallopius,  and,  provided 
the  channel  be  clear,  will  appear  on  the  under  surface  of  the  bone  at  the  stylo- 
mastoid foramen.  Leading  forwards  and  inwards  from  the  hiatus  towards  the 
anterior  border  is  a  groove ;  in  this  lies  the  great  superficial  petrosal  nerve  which 
passes  out  of  the  hiatus.  A  small  branch  of  the  middle  meningeal  artery  also 
enters  the  bone  here.  A  little  external  to  the  hiatus  is  another  small  opening 
(apertura  superior  canalis  tympanici),  often  difficult  to  see ;  from  this  a  groove  runs 
forwards  which  channels  the  upper  surface  of  the  roof  of  the  canal  for  the  tensor 
tympani  muscle.  Through  this  foramen  and  along  this  groove  passes  the  lesser 
superficial  petrosal  nerve.  Behind  this,  and  in  front  of  the  arcuate  eminence,  the 
bone  is  usually  thin  (as  may  be  seen  by  holding  it  up  to  the  light  falling  through 
the  external  auditory  meatus),  roofing-in  the  cavity  of  the  tympanum  and  forming 
the  tegm'en  tympani.  Externally  the  line  of  fusion  of  the  petrous  with  the  squamous 
part  is  often  indicated  by  a  faint  and  irregular  petro-squamous  fissure. 

The  most  conspicuous  object  on  the  posterior  surface  of  the  petrous  part  of  the 
bone  is  the  internal  auditory  meatus  (meatus  acusticus  internus),  which  has  an 
oblique  oval  aperture  and  leads  outwards  and  slightly  downwards  into 'the  substance  of 
the  bone,  giving  passage  to  the  auditory  and  facial  nerves,  together  with  the  pars  inter- 
media. The  canal  appears  to  end  blindly ;  but  if  it  be  large,  or  still  better,  if  part 
of  it  be  cut  away,  its  fundus  will  be  seen  to  be  crossed  by  a  horizontal  ridge,  the 
falciform  crest,  which  divides  it  into  two  fossse,  the  floors  of  which  (laminse  cribrosce) 
are  pierced  by  numerous  small  foramina  for  the  branches  of  the  auditory  nerve  and 
the  vessels  passing  to  the  membranous  labyrinth,  whilst  in  the  fore  and  upper  part 
of  the  higher  fossa  the  orifice  of  the  Fallopian  aqtueduct  (canalis  facialis),  through 
which  the  facial  nerve  passes,  is  seen  leading  in  the  direction  of  the  hiatus  Fallopii 
(see  ante).  External  to  the  internal  auditory  meatus  and  above  it,  close  to  the 
superior  border,  an  irregular  depression,  often  faintly  marked,  with  one  or  two  small 
foramina  opening  into  it,  is  to  be  noticed.  This  is  the  floccular  fossa  (fossa  subarcuata), 
best  seen  in  young  bones,  where  it  forms  a  distinct  recess,  which  is  bounded  above 
by  the  bulging  caused  by  the  superior  semicircular  canal,  within  the  concavity  of 
which  it  is  placed ;  it  lodges  a  process  of  the  dura  mater.  Below  and  external  to 
this,  separated  from  it  by  a  smooth,  elevated  curved  ridge,  is  the  opening  of  the 
aqueduct  of  the  vestibule  (apertura  externa  aquseductus  vestibuli),  often  concealed 
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Fenestra  ovalis  cut  across 
Fenestra  rotunda  cut  across 


in  a  narrow  curved  fissure  overlumg  by  a  sharp  scale  of  bone.  In  this  is  lodged  the 
ductus  endolynipliaticus.  The  ridge  above  it  corresponds  to  the  upper  half  of  the 
posterior  semicircular  canal. 

Oonnexions. — Tlie  temporal  bone  articulates  witli  the  malar,  Bplieuoid,  parietal,  and  occipital 
bones,  and  l^y  a  movable  joint  with  the  inferior  maxilla.    Occasionally  the  temporal  articulates 

with  the  frontal,  as  hajipens  normally  in  the 
anthropoid  apes ;  although  the  region  of  the 
pterion  is  characterised  by  an  X-like  form  in 
the  lower  races  of  man  tliere  is  no  evidence 
tliat  the  occurrence  of  a  fronto-squamosal  suture 
is  more  frequent  in  the  lower  than  the  liigher 
races,  its  occurrence  being  due  to  the  manner  of 
fusion  of  tlie  so-called  epipteric  ossicles  witli  tlie 
surrounding  Ijones. 

Architecture. — The  temporal  bone  is  re- 
markahle  fur  the  liardness  and  density  of  its 
]»etrous  jmrt,  wherein  is  lodged  the  osseous 
labyrinth  which  contains  tlie  delicate  organs 
associated  with  the  senses  of  hearing  and  equi- 
libration. Tlie  middle  ear  or  tympanum  is  a 
cavity  which  contains  the  small  auditory 
ossicles  and  is  separated  from  tlie 
external  auditory  meatus  hj  the 
membrana  tympani.  In  front  it 
communicates  with  the  pharynx 
by  the  Eustachian  tube  ;  behind,  it 
Vestibule  opens  into  the  mastoid  antrum  and 
Aquap(]uctus^Fallo]iii  mastoid  air-cells  by  the  aditus  ad 
antrum.  Siqieriorly,  it  is  separated 
from  the  middle  cranial  fossa  by  a 
thin  plate  of  bone  called  the 
tegmen  tympani.  Infe.riorly,  its 
floor  is  formed  in  jiart  by  the  roof 
of  the  jugular  fossa  and  the  carotid 
canal.  Internally,  it  is  related  to  the  structures  which  form  the  inner  ear,  notably  the  coclilea 
and  vestibule,  in  front  of  which  it  is  separated  by  a  thin  plate  ot  bone  from  the  carotid  canal. 
Curving  over  the  cavity  of  the  tympanum  is  the  aquteductus  Fallopii, 
the  thin  walls  of  which  are  occasionally  deficieiit.  These  details  will  be 
further  dealt  with  in  the  section  devoted  to  the  Organs  of  Sense. 

Variations.  —  The  occurrence  of  a  deficiency  in  the  floor  of  the 
external  auditory  meatus  is  not  uncommon  in  the  adult.    It  is  met  witl 
commonly  in  the  child  till  about  the  age  of  five,  and  is  due  to  incomplete 
ossification  of  the  tympanic  plate.    The  line  of  the  petro-squamosal 
suture  is  occasionally  grooved  for  the  lodgment  of  a  sinus  (petro- 
squamosal)  ;  sometimes  the  posterior  end  of  this  is  continuous  Avitli 
canal  which  jiierces  the  superior  border  of  the  bone  and  opens  into  tli 
lateral    sinus.     Anteriorly  the 
groove  may  pass  into  a  canal 
which   pierces   the  root   of  the 
zygoma  and  appears  externally 
alwve  the  external  extremity  of 
the  Glaserian  fissure.    The.se  are 
the  remains  of  channels  through 
which  the  blood  passed   in  tlie 
foetal  condition  (see  ante).  Syming- 
ton has  described  a  case  in  which 
the  squamous  part  was  distinct 
and  separate  from  the  rest  of  the 
temporal  bone  in  an  adult ;  whilst 
Hyrtl  has  observed  the  division  of 
the  temporal  S(piama  into  two  by 
a  transverse  suture. 


External  auilitory 
meatus 
Osseous  Eustachian 
canal 


Superior  opening  of  the  canal  for  the  tym- 
panic branch  of  glosso-pharyngeal 


Fig.  88 


Veutical  Transverse  Section  through  Left 
Temporal  Bone  (Anterior  Half  of  Section). 


External  semicircular  cana 


Superior  semicircular 
canal 


Vestibule  into 
openings  of 

semicircular  can.als 
Internal 

auditory  meatus 

Fenestra  ovalis 
cut  across 
Fenestra  rotunda 
cut  across 


Opening  leading 
into  mastoid 
antrum. 
Aqua-ductus 
Fallopii 

Canalis  stapedii 

Tympanum 

External 
auditory  meatus 


Fig.  89 


Vertical  Transverse  Section  through  Left 
Temporal  Bone  (Posterior  Half  of  Section). 


Ossification, — The  petro- 
mastoid  portion  of  the  bone  is 
developed  by  the  deposition 
of  earthy  matter  in  the  cartil- 
laginous  ear  capsule  and  the  perichondrium  lining  the  labyrinth.  The  squamous  and 
tympanic  parts  are  ossified  in  membrane. 

Ossification  cotnmeuces  in  the  ear  capsule  in  the  fifth  month,  and  proceeds  so  rapidly 
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that  by  the  end  of  the  sixth  month  the  individual  centres  are  more  or  less  fused, 
these,  one  which  appears  in  the  vicinity  of  the  eminentia  arcuata  is  the  most  definite 
position  and  form  ;  from  this 


Of 


Osseous  Eustachian  canal 


Styloid  process 
broken  off 


Glenoid  fossa 
Groove  for 
menibrana 
tympani 

External 
auditory 
meatus 

Mastoid  air-cells 


Carotid  canal 


Tympanum 


■Cochlea 

iternal  auditory 
meatus 
estibule,  fenestra 
ovalis  cut  across 
Superior  semicircular 
canals 

Aquseductus  Fallopii 


External  semicircular  canal 


Fig.  90.- 


-HoRizoNTAL  Section  through  Left  Temporal  Bone 
(Lower  Half  of  Section). 


a  lamina  of  bone  of  spiral 
form  is  developed,  which 
covers  in  the  inner  limb 
of  the  superior  semicircular 
canal,  and  forms  the  roof  of 
the  internal  auditory  meatus, 
together  with  the  commence- 
ment of  the  Fallopian  aque- 
duct. Keaching  forwards,  it 
extends  to  the  apex  of  the 
petrous  part ;  whilst  exter- 
nally it  forms  part  of  the 
inner  wall  of  the  tympanum, 
surrounds  the  fenestra  ovalis, 
and  encloses  within  its  sub- 
stance portions  of  the  coch- 
lea, vestibule,  and  superior 
semicircular  canal.  Another 
centre  appears  in  the  vicinity 
of  the  promontory  on  the 
inner  wall  of  the  tympanum, 
surrounds  the  fenestra 
rotunda,  forms  the  floor  of 
the  vestibule,  and  extends  in- 
wards to  complete  the  floor 
of  the  internal  auditory 
meatus.  Surrounding  the 
cochlea  inferiorly  and  exter- 
nally, it  completes  the  floor 
of  the  tympanum,  and  ultimately  blends  with  the  fore  and  under  part  of  the  tympanic 
ring.  The  carotid  canal  at  first  grooves  it,  and  is  then  subsequently  surrounded  by 
it.  According  to  Lambertz  the  lamina  spiralis  of  the  cochlea  ossifies  in  membrane. 
The  roof  of  the  tympanum  is  formed  from  a  separate  centre,  which  extends  backwards 
towards  the  superior  semicircular  canal,  and  encloses  the  tympanic  part  of  the 
aqueduct  of  Fallopius ;  externally  this  centre  unites  by  suture  with  the  squamosal, 
and  sends  down  a  thin  process,  which  appears  between  the  lips  of  the  Glaserian  fissure, 
and  forms  the  outer  wall  of  the  Eustachian  tube.  Nuclei,  either  single  or  multiple, 
appear  in  the  base  of  the  petrous  part,  and  envelop  the  posterior  and  external  semicircular 
canals.  It  is  by  extension  from  this  part  that  the  mastoid  process  is  ultimately  deve- 
loped. To  these  centres  the  terms  pro-otic,  opisthotic,  pterotic,  and  epiotic,  i-espectively, 
have  been  applied  by  Huxley  and  others.  The  styloid  process,  an  independent  develop- 
ment from  the  upper  end  of  the  cartilage  of  the  second  visceral  arch,  is  ossified  from  two 
centres.  The  upper  or  basal  appears  before  birth,  and  rapidly  unites  with  the  petro- 
mastoid,  the  tympanic  plate  encircling  it  in  front.  This  represents  the  tympanohyal  of 
comparative  anatomy.  At  birth,  or  subsequent  to  it,  another  centre  appears  in  the 
cartilage  below  the  above  :  this  is  the  stylohyal.  Ankylosis  usually  occurs  in  adult  life 
between  the  tympanohyal  and  stylohyal,  the  union  of  the  two  constituting  the  so-called 
styloid  process  of  human  anatomy. 

The  centre  from  which  the  squamo-zygomatic  develops  appears  in  membrane  about 
the  end  of  the  second  month.  Situated  near  the  root  of  the  zygoma,  it  extends  forwards 
and  outwards  into  that  process,  inwards  to  form  the  floor  of  the  glenoid  fossa,  and 
upwards  into  the  squamosal.  From  this  latter  there  is  a  downward  and  backward  exten- 
sion, which  forms  the  post-auditory  process  ;  this  ultimately  blends  with  the  posterior  limb 
of  the  tympanic  ring,  being  separated  from  it  in  the  adult  by  the  auricular  fissure.  It  forms 
the  outer  wall  of  the  mastoid  antrum,  and  constitutes  the  fore  and  upper  part  of  the 
mastoid  process  in  the  adult.  About  the  third  month  a  centre  appears  in  the  outer 
membranous  wall  of  the  tympanum  :  from  this  the  tympanic  ring  is  developed.  Incom- 
plete above,  it  displays  two  free  extremities.  Of  these,  the  anterior  is  somewhat  enlarged, 
and  unites  in  front  with  the  glenoid  portion  of  the  squamo-zygomatic,  being  separated 
from  it  by  the  Glaserian  fissm-e  and  the  downgrowth  from  the  tegmen  tympani ;  the 
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posterior  joins  the  post  -  auditory  process  of  the  squamo  -  zygomatic  above  mentioned. 
Below,  it  blends  internally  with  the  portion  of  the  petro-mastoid  which  forms  the  floor  of 
the  tympanum,  and  ensheathes  the  tympanohyal  behind.  From  the  outer  side  of  the 
lower  part  of  this  ring  two  tubercles  arise  ;  these  grow  outwards,  and  so  form  the  floor 
of  the  external  auditory  meatus.  The  interval  between  them  remains  unossified  till 
about  the  age  of  five  or  six,  after  which  closure  takes  place.  This  deficiency  may,  how- 
ever, persist  even  in  adult  life  (see  ante,  Variations). 

At  birth  the  temporal  bone  can  usually  be  separated  into  its  component  parts.  The 
outer  surface  of  the  petrous  part  not  only  forms  the  inner  wall  of  the  tympanum,  but  is 


Fig.  91. — A.  The  Outer  Surface  of  the  Right  Temporal  Bone  at 
Birth.    B.  The  Same  with  Squamo-zygomatic  Portion  Removed. 

(The  lettering  is  the  same  in  both  A  and  B. )  a.  Tympanic  ring.  6,  Inner  wall 
of  tympanum.  c,  Fenestra  rotunda,  d,  Foramen  ovale,  e,  Mastoid. 
f,  Mastoid  process,  g,  Masto-.squamosal  suture,  with  foramen  for 
transmission  of  vessels,  h,  Squamo-zygomatic,  removed  in  figure  B  to 
show  liow  its  descending  process  forms  the  outer  wall  of  the  mastoid 
antrum. 


Fig.  91. — C.  Inner  Surface  of  the 
Right  Temporal  Bone  at  Birth. 

a,  Squamo  -  zygomatic.  h,  Petro- 
squamosal  suture  and  foramen  (just 
above  the  end  of  the  lead  line), 
c,  Subarcuate  fossa,  d,  Aquseductus 
vestibuli.  e,  Aquaeductus  cochleae. 
/,  Internal  auditory  meatus.  g, 
Upper  end  of  carotid  canal. 


hollowed  out  behind  and  above  to  form  the  inner  side  of  the  mastoid  antrum,  the 
outer  wall  of  which  is  completed  by  the  post-auditory  process  of  the  squamo-zygomatic. 
As  yet  the  mastoid  process  is  undeveloped.  It  only  assumes  its  nipple-like  form  about  the 
second  year.  Towards  puberty  its  cancellous  tissue  becomes  permeated  with  air  spaces, 
which  are  in  communication  with  and  extensions  from  the  mastoid  antrum.  The  external 
auditory  meatus  is  unossified  in  front  and  below,  the  outgrowth  from  the  tympanic  ring 
occurring  subsequent  to  birth.  The  glenoid  fossa  is  shallow  and  everted  ;  the  jugular 
fossa  is  ill-marked  ;  whilst  the  subarcuate  fossa  is  represented  by  a  deep  pit,  the  so-called 
floccular  fossa  of  comparative  anatomy.  The  hiatus  Fallopii  is  an  open  groove,  displaying 
at  either  end  the  openings  of  the  inner  and  outer  portions  of  the  Fallopian  aqueduct. 


The  Sphenoid  Bone. 

The  Sphenoid  bone  (os  sphenoidale)  lies  in  front  of  the  basioccipital  mesially,  • 
and  the  teuiporals  on  either  side.    It  enters  into  the  formation  of  the  cranial, 
orbital,  and  nasal  cavities,  as  well  as  the  temporal,  zygomatic,  pterygoid,  and 
spheno-maxillary  fossa?.    It  consists  of  a  body  with  three  pairs  of  expanded  pro- 
cesses, the  great  wings,  the  lesser  wings,  and  the  pterygoid  processes. 

The  body  (corpus),  more  or  less  cubical  in  form,  is  hollow,  and  contains  witliin  - 
it  the  two  large  sphenoidal  air  sinuses.  These  are  separated  by  a  partition,  which 
is  usually  deflected  to  one  or  other  side  of  the  middle  line.  Each  sinus  extends 
outwards  for  a  short  distance  into  the  root  of  the  great  wing,  and  downwards  and 
outwards  towards  the  l)ase  of  the  pterygoid  process  of  the  same  side.  They 
communicate  by  apertures  with  the  upper  and  back  part  of  the  nasal  fossne.  In  the 
adult  the  posterior  aspect  of  the  body  displays  a  sawn  surface  due  to  its  separation 
from  the  basioccipital  with  which  in  the  adult  it  is  firmly  ankylosed.  The  superior 
surface,  fiom  the  fore  angles  of  which  the  lesser  wings  arise,  displays  an  appearance 
comparable  to  that  of  an  oriental  saddle.  Over  its  middle  there  is  a  deej)  depression, 
the  sella  turcica  or  pituitary  fossa  (fossa  liypophyseos),  in  which  is  lodged  the 
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pituitary  body.  Behind,  this  is  overhung  by  a  sloping  ridge,  the  dorsum  sellc^j,"  the 
posterior  surface  of  which  is  incHned  upwards,  and  is  in  continuation  with  the 
basilar  groove  of  the  occipital  bone.  Anteriorly  and  externally  the  angles  of  this 
ridge  project  over  the  pituitary  fossa  in  the  form  of  prominent  tubercles,  called  the 


flamular  process 
Fia.  92. — Sphenoid  as  seen  fhom  Behind. 

posterior  clinoid  processes  (processus  clinoidei  posteriores).  In  front  of  the  pituitary 
fossa  there  is  a  transverse  elevation,  the  olivary  eminence  (tuberculum  sellse) 
towards  the  outer  extremities  of  which,  and  somewhat  behind,  there  are  often- 
times little  spurs  of  bone,  the  middle  clinoid  processes  (processus  clinoidei  medii). 


Fig.  93. — Sphenoid  as  seen  from  the  Front. 


In  front  of  the  olivary  eminence  is  the  optic  groove  (sulcus  chiasmatis),  which 
passes  outwards  on  either  side  to  become  continuous,  between  the  roots  of  the 
lesser  wings,  with  the  optic  foramina. 

This  groove  is  liable  to  considerable  variations,  and  apparently  does  not  always  serve  for  the 
lodgment  of  the  optic  chiasma.  (Lawrence,  "  Proc.  Soc.  Anat."  Journ.  Anat.  and  Physiol., 
vol.  xxviii.  p.  18.) 

In  front  of  the  optic  groove,  from  which  it  is  often  separated  by  a  thin  sharp  edge, 
the  superior  surface  continues  forwards  on  the  same  plane  as  the  upper  surfaces  of 
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the  lesser  wings,  and  terminates  anteriorly  in  a  ragged  edge,  which  articulates  with 
the  criljriform  plate  of  tlie  ethmoid,  and  has  often  projecting  from  it,  mesially,  a 
pointed  process,  the  ethmoidal  spine.  The  lateral  aspects  of  the  body  are  fused 
with  the  great  wings,  and  in  part  also  with  the  roots  of  the  pterygoid  processes. 
Curving  along  the  side  of  the  body,  superior  to  its  attachment  to  the  great  wing, 
is  an  Z' -shaped  groove,  the  carotid  groove  (sulcus  caroticus),  whicli  marks  the 
position  and  course  of  the  internal  carotid  artery.  Posteriorly,  tlie  hinder  margin 
of  this  groove,  formed  by  the  salient  outer  edge  of  the  posterior  suiface  of  the 
body,  articulates  with  the  apex  of  the  petrous  portion  of  the  temporal  bone,  and 
is  lience  called  the  petrosal  process  ;  just  above  this,  on  the  lateral  border  of  the 
dorsum  sellce,  there  is  often  a  groove  for  the  sixth  nerve. 

The  anterior  surface  of  the  body  displays  a  vertical  mesial  sphenoidal  crest 
(crista  splienoidalis),  continuous  above  with  the  ethmoidal  spine,  and  lielow  with 
the  pointed  projection  called  the  rostrum.  Tliis  crest  articulates  in  front  witli  the 
perpendicular  plate  of  the  ethmoid.  On  either  side  of  the  middle  line  are  seen  the 
irregular  openings  leading  into  the  sphenoidal  air  sinuses,  the  thin  anterior  walls 
of  wliich  are  in  part  formed  by  the  absorption'' of  the  sphenoidal  turbinated  bones 
with  whicli  in  early  life  they  are  in  contact.  With  the  exception  of  a  broad  groove 
leading  downwards  from  the  apertures  above  mentioned,  which  enters  into  the 
formation  of  the  roof  of  the  nasal  fossa  of  the  corresponding  side,  the  lateral 
aspects  of  this  surface  of  the  bone  are  elsewliere  in  articulation  with  the  lateral 
masses  of  the  ethmoid  and  the  orbital  processes  of  the  palate  bones.  The  rostrum 
is  continued  mesially  for  some  distance  along  the  inferior  surface  of  the  body, 
where  it  forms  a  prominent  keel  which  fits  into  the  recess  formed  by  the  ahe  of 
the  vomer.  The  edges  of  the  latter  serve  to  separate  the  rostrum  from  the  incurved 
vaginal  processes  at  the  roots  of  the  internal  pterygoid  plates.  Posteriorly  the 
under  surface  of  the  body  of  the  sphenoid  is  rouglier,  and  covered  by  the  mucous 
membrane  of  the  roof  of  the  pharynx ;  here,  occasionally,  a  median  depression  may 
be  seen  wliich  marks  the  position  of  the  inferior  extremity  of  a  fcxital  channel, 
called  the  canalis  cranio-pharyngeus. 

The  lesser  or  orbital  wings  (al;ie  parvte)  are  two  flattened  triangular  plates  of 
bone  which  project  forwards  and  outwards  from  tlie  fore  and  upper  part  of  the 
body  of  the  bone,  with  which  they  are  united  by  two  roots,  enclosing  between  them 
the  optic  foramina  (foramina  optica)  for  the  transmission  of  the  optic  nerves  and 
ophthalmic  arteries.  Of  these  roots,  the  posterior  springs  from  the  body  just  wide 
of  the  olivary  eminence,  separating  the  carotid  groove  behind  from  the  optic  foramen 
in  front ;  externally  this  root  is  confluent  with  the  recurved  posterior  angle  of  the 
lesser  wing,  which  here  forms  the  projection  known  as  the  anterior  clinoid  process 
(processus  clinoideus  anterior),  which  overhangs  the  fore  part  of  the  body  of 
the  bone.  The  anterior  root,  broad  and  compressed,  unites  the  upper  surface  of 
the  lesser  wing  with  the  fore  and  upper  part  of  the  body.  Externally  the  outer 
angle  terminates  in  a  pointed  process  which  reaches  the  region  of  the  pterion  and 
there  articulates  with  the  frontal,  and  may  come  in  contact  with  the  great  wing. 
The  superior  aspect  is  smooth,  and  forms  in  part  the  floor  of  the  anterior  cranial 
fossa.  The  inferior  surface  forms  part  of  the  posterior  portion  of  the  upper  wall 
of  the  orbit,  and  also  serves  to  roof  in  the  sphenoidal  fissure  which  separates  the 
lesser  from  the  greater  wings  below.  The  anterior  edge  is  lagged  and  irregular, 
and  articulates  with  tlie  orbital  plates  of  the  frontal.  The  posterior  margin, 
sharp  and  sickle-shaped,  separates  the  anterior  from  the  middle  cranial  fossa,  and 
corresponds  to  the  position  of  the  Sylvian  fissure  on  the  surface  of  the  cerebrum. 

Tlie  greater  or  temporal  wings  (ala^  magnte),  as  seen  from  above,  are  of  a 
somewhat  creseentic  form.  If  the  inner  convex  edge  of  the  crescent  be  divided 
into  fifths,  the  posterior  fifth  extends  backwards  and  outwards  beyond  the  body  of 
the  bone,  presenting  a  free  posterior  edge,  which  forms  the  anterior  boundary  of  the 
foramen  lacerum  medium.  This  border  ends  behind  in  the  horn  of  the  crescent, 
from  which  a  pointed  process  projects  downwards,  called  the  alar  or  sphenoidal  spine 
(spina  angularis),  which  is  wedged  into  the  angle  between  the  petrous  and  squamous 
parts  of  the  temporal  bone.  The  inner  surface  of  the  posterior  border  and  s})ine  is 
furrowed  for  the  cartilaginous  Eustachian  tube  (sulcus  tubai),  whilst  on  the  inner 
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side  of  the  spine  the  course  of  the  chorda  tympani  nerve  is  indicated  by  a  groove 
(Lucas).  The  second  fifth  of  the  convex  border  of  the  crescent  is  fused  to  the  side 
of  the  body  and  united  below  with  the  root  of  the  pterygoid  process.  The  angle 
formed  by  the  union  of  the  great  wing  with  the  side  of  the  body  posteriorly  corre- 
sponds to  the  hinder  end  of  the  carotid  groove,  the  outer  lip  of  which  is  formed  by 
a  projecting  lamina  called  the  lingula.  The  remaining  three-fifths  of  the  convex 
border  is  divisible  into  two  nearly  equal  parts ;  the  inner  is  a  free,  curved,  sharp 
margin,  which  forms  the  inferior  margin  of  the  sphenoidal  fissure  (fissura  orbitalis 
superior),  the  cleft  which  separates  the  great  wing  from  the  lesser  wing,  and  which 
establishes  a  wide  channel  of  communication  between  the  middle  cranial  fossa  and 
the  cavity  of  the  orbit,  transmitting  the  third,  fourth,  ophthalmic  division  of  the 
fifth,  and  the  sixth  cranial  nerves,  together  with  the  ophthalmic  veins.  Wide  of 
the  sphenoidal  fissure  this  edge  becomes  broad  and  serrated,  articulating  with  the 
frontal  bone  internally,  and  at  the  part  corresponding  to  the  anterior  horn  of  the 
crescent,  by  a  surface  of  variable  width,  it  unites  with  the  anterior  inferior  angle 
of  the  parietal  bone.  The  external  border  corresponds  to  the  concave  side  of 
the  crescent,  and  is  serrated  for  articulation  with  the  squamous  temporal,  being 
thin  and  bevelled  at  the  expense  of  its  outer  surface  above  and  externally,  and 
broad  and  thick  behind  as  it  passes  towards  the  alar  spine.  The  superior  or 
verehral  surface  is  concave  from  behind  forwards,  and  in  its  fore  part  from  side  to 
side  also ;  it  forms  a  considerable  part  of  the  floor  of  the  middle  cranial  fossa,  and 
bears  the  impress  of  the  convolutions  of  the  extremity  of  the  temporal  lobe  of  the 
cerebrum  which  rests  upon  it ;  towards  its  outer  side  it  is  grooved  obliquely  by  an 
anterior  branch  of  the  middle  meningeal  artery.  The  following  foramina  pierce 
the  great  wing :  close  to  and  in  front  of  the  alar  spine  is  the  foramen  spinosum 
for  the  transmission  of  the  middle  meningeal  artery  and  its  companion  vein, 
together  with  a  recurrent  branch  from  the  third  division  of  the  V.  nerve.  In 
front  of  and  internal  to  this,  and  close  to  the  posterior  free  border,  is  the 
foramen  ovale,  of  large  size  and  elongated  form.  This  gives  passage  to 
the  motor  root  and  inferior  sensory  division  of  the  V.  nerve,  and  admits 
the  small  meningeal  branch  of  the  middle  meningeal  artery ;  a  small  emissary 
vein  from  the  cavernous  sinus  usually  passes  through  this  foramen  and 
occasionally  also  the  small  superficial  petrosal  nerve.  Near  the  fore  part 
of  the  root  of  the  great  wing,  and  just  below  the  sphenoidal  fissure,  is  the 
foramen  rotundum,  of  smaller  size  and  circular  form.  Through  this  the  second 
division  of  the  V.  nerve  escapes  from  the  cranium.  Occasionally  there  is  a  small 
canal — the  foramen  of  Vesalius — which  pierces  the  root  of  the  great  wing  to  the 
inner  side  of  the  foramen  ovale.  This  opens  below  into  the  scaphoid  fossa  at  the 
base  of  the  internal  pterygoid  plate,  and  transmits  a  small  vein.  Occasionally  there 
is  a  small  foramen  (canaliculus  innominatus)  to  the  inner  side  of  the  foramen 
spinosum  for  the  transmission  of  the  small  superficial  petrosal  nerve. 

The  outer  surface  of  the  great  wing  is  divided  into  three  well-marked  areas ;  of 
these  the  upper  two  are  separated  by  an  oblique  jagged  ridge,  the  malar  crest 
(margo  zygomaticus),  for  articulation  with  the  orbital  process  of  the  malar  bone. 
The  lower  part  of  this  ridge  may  occasionally  articulate  with  the  malar  process  of 
the  superior  maxilla.  Of  these  two  areas  the  orbital  (facies  orbitalis)  is  directed 
forwards  and  a  little  inwards ;  of  quadrilateral  shape,  it  forms  the  back  and  outer 
wall  of  the  orbit ;  plane  and  smooth,  it  is  bounded  behind  by  the  sharp  inferior 
free  margin  of  the  sphenoidal  fissure,  towards  the  inner  extremity  of  which  a 
pointed  spine  for  the  attachment  of  the  inferior  common  ligament  of  origin  of  the 
ocular  muscles  can  usually  be  seen.  It  is  limited  superiorly  by  the  edge  of  a  rough 
triangular  area  which  articulates  with  the  frontal  bone  ;  anteriorly  by  the  malar  crest ; 
whilst  inferiorly  a  free,  well-defined  horizontal  margin  constitutes  the  posterior  and 
external  boundary  of  the  spheno-maxillary  fissure  (fissura  orbitalis  inferior),  which 
separates  this  part  of  the  bone  from  the  orbital  plate  of  the  superior  maxilla. 
Below  this  border  there  is  a  grooved  surface  which  leads  inwards  toward  the  orifice 
of  the  foramen  rotundum.  In  the  articulated  skull  this  forms  part  of  the  posterior 
wall  of  the  spheno-maxillary  fossa. 

To  the  outer  side  of  the  malar  crest,  which  bounds  it  in  front,  is  the  temporal 


122 


OSTEOLOGY. 


area  (facies  temporalis),  concavo-convex  from  before  backwards.  It  slopes  inwards 
below,  where  it  is  separated  from  the  zygomatic  area  by  a  well-marked  muscular 
ridge,  tlie  infra-temporal  crest  or  pterygoid  ridge  (crista  infratemporalis).  Behind, 
the  temporal  surface  is  bounded  by  the  margin  of  the  great  wing  which  articulates 
with  the  squamous  temporal,  and  above  by  the  edge  which  unites  it  with  the 
anterior  inferior  angle  of  the  parietal  and  the  frontal  bone.  The  temporal  surface 
enters  into  the  formation  of  the  floor  of  the  fossa  of  the  same  name,  and  aftbrds  an 
extensive  attachment  to  the  hbres  of  origin  of  the  temporal  muscle.  The  zygomatic 
surface  (facies  infratemporalis),  situated  below  the  infra-temporal  crest,  corresponds 
to  the  under  surface  of  the  posterior  half  of  the  great  wing ;  it  extends  as  far  back 
as  the  alar  spine  and  posterior  border.  Opening  on  it  are  seen  the  orifices  of  the 
foramen  spinosum  and  ovale.  It  is  slightly  concave  from  side  to  side,  and  is 
confluent  internally  with  the  outer  surface  of  the  external  pterygoid  plate.  In 
front  it  is  bounded  by  a  ridge  which  curves  upwards  and  outwards  from  the  fore 
part  of  the  external  pterygoid  plate  to  join  the  infratemporal  crest.  In  the 
articulated  skull  this  ridge  forms  the  posterior  boundary  of  the  pterygo-maxillary 
fissure.  The  zygomatic  surface  overhangs  the  zygomatic  fossa,  and  affords  origin 
to  the  upper  head  of  the  external  pterygoid  muscle. 

The  pterygoid  processes  (processus  pterygoidei)  spring  from  the  [inferior 
surface  of  tlie  lateral  aspect  of  the  body  as  well  as  the  under  side  of  the  root  of 
the  great  wings,  and  pass  vertically  downwards.  Each  consists  of  two  laminte,  the 
external  and  internal  pterygoid  plates,  fused  together  anteriorly,  and  enclosing 
between  them  posteriorly  the  pterygoid  fossa  (fossa  pterygoidea).  The  external 
pterygoid  plate  (lamina  lateralis  processus  pterygoidei),  thin  and  expanded,  is 
directed  ol;)li(|uely  backwards  and  outwards,  its  lower  part  being  often  somewhat 
everted.  Its  hinder  edge  is  sharp,  and  often  has  projecting  from  it  one  or  two 
spines,  to  one  of  which  (processus  pterygo-spinosus)  the  pterygo-spinous  ligament 
which  stretches  towards  the  alar  spine  is  attached.  Externally  it  furnishes  an 
origin  for  the  lower  head  of  the  external  pterygoid  muscle,  and  on  its  inner  side, 
where  it  forms  the  lateral  wall  of  the  pterygoid  fossa,  it  supplies  an  attachment  for 
the  internal  pterygoid  miiscle. 

The  internal  pterygoid  plate  (lamina  medialis  processus  pterygoidei)  is  narrower 
and  somewhat  stouter.  By  its  inner  aspect  it  forms  the  posterior  part  of  the 
lateral  wall  of  the  nasal  fossae;  externally  it  is  directed  towards  the  pterygoid 
fossa.  Its  posterior  edge  ends  below  in  the  hook-like  hamular  process  (hamulus 
pterygoidei),  which,  reaching  a  lower  level  than  the  external  plate,  curves  back- 
wards and  outwards,  furnishing  a  groove  in  which  the  tendon  of  the  tensor  palati 
muscle  glides ;  superiorly,  the  sharp  posterior  margin  of  the  inner  plate  bifurcates, 
so  as  to  enclose  the  shallow  scaphoid  fossa  from  which  the  tensor  palati  muscle 
arises,  and  wherein  may  occasionally  be  seen  the  inferior  aperture  of  the  foramen 
Vesalii.  To  the  inner  edge  of  this  fossa,  as  well  as  to  the  posterior  border  of  the 
internal  pterygoid  plate,  the  pharyngeal  aponeurosis  is  attached.  Here,  too,  the 
cartilage  of  the  Eustachian  tube  is  supported  on  a  slight  projection,  and  the  palato- 
pharyngeus  muscle  receives  an  origin,  whilst  the  superior  constrictor  of  the  pharynx 
arises  from  the  lower  third  of  the  same  border  and  from  the  hamular  process. 
Superiorly  and  internally  the  inner  plate  forms  an  incurved  lamina  of  bone,  the 
vaginal  process  (processus  vaginalis),  which  is  applied  to  the  under  surface  of  the 
lateral  aspect  of  the  body  reaching  inwards,  towards  the  root  of  the  rostrum,  from 
whicli,  however,  it  is  separated  by  a  groove,  in  which,  in  the  articulated  skull,  the 
ala  of  the  vomer  is  lodged.  The  angle  formed  by  the  vaginal  process  and  the 
internal  edge  of  the  scaphoid  fossa  forms  a  projection  called  the  pterygoid  tubercle, 
immediately  above  which  is  the  posterior  aperture  of  the  Vidian  canal  (canalis 
pterygoideus),  through  which  the  Vidian  nerve  and  artery  are  transmitted.  On  its 
under  surface  tlie  vaginal  process  displays  a  groove  (sulcus  pterygo-palatinus) 
which  ill  the  articulated  skull  is  converted  into  the  pterygo-palatine  canal  by  its 
union  with  the  palate  bone.  In  front,  at  its  root,  the  pterygoid  process  displays  a 
broad  smooth  surface  (facies  spheno-maxillaris),  which  is  confluent  above  with  the 
root  of  tlie  great  wing  around  the  foramen  rotundum,  and  forms  the  posterior  wall 
of  the  spheno-maxillary  fossa.    Here,  to  the  inner  side  of  the  foramen  rotundum, 
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is  seen  the  anterior  opening  of  the  Vidian  canal.  Below,  the  pterygoid  plates  are 
separated  by  an  angular  cleft,  the  pterygoid  notch  (fissura  pterygoidea) ;  in  this  is 
lodged  the  tuberosity  of  the  palate  bone,  the  margins  of  which  articulate  with  the 
serrated  edges  of  the  recess. 

Connexions.  —  The  sphenoid  articulates  with  the  occipital,  temporals,  parietals,  frontal, 
ethmoid,  sphenoidal  turbinals,  vomer,  palate  and  malar  bones,  and  occasionally  v/ith  the  superior 
maxilhe. 

Architecture. — In  the  adult  the  body  of  the  bone  is  hollow  and  encloses  the  sphenoidal  air 
cells,  usually  two  in  number,  separated  by  a  septum.  The  arrangement  and  extent  of  these  air 
cells  vary  ;  sometimes  they  are  multilocular,  at  other  times  simple,  while  occasionally  they  extend 
backwards  into  the  basioccipital  and  outwards  and  downwards  into  the  roots  of  the  great  wings 
and  pterygoid  processes.  Cases  are  on  record  in  which  in  the  adult  the  body  of  the  bone  was  not 
pneumatic. 

Variations. — Through  imperfect  ossification  the  foramen  spinosum  and  foramen  ovale  are 
sometimes  incomplete  posteriorly.  On  the  other  hand,  owing  to  tlie  ossification  of  fibrous  bands 
connecting  the  several  bony  points,  anomalous  foramina  are  frequently  met  with.  Cases  of 
persistence  of  the  cranio-pharyngeal  canal  liave  been  recorded. 

Ossification. — The  sphenoid  of  man  is  formed  by  the  fusion  of  two  parts,  the  pre- 
sphenoid  and  the  post-sphenoid,  each  associated  with  certain  processes.  In  most  mammals 
the  orbito-sphenoids  or  lesser  wings  fuse  with  the  pre-sphenoid,  whilst  the  alisphenoids  or 
greater  wings,  together  with  the  internal  pterygoid  plate,  ankylose  with  the  post-sphenoid. 
The  ossification  of  these  several  parts  takes  place  in  cartilage,  with  the  exception  of  the 
internal  pterygoid  plate,  which  is  developed  from  an  independent  centre  in  the  connective 
tissue  of  the  lateral  wall  of  the  oral  cavity  (Hertwig). 

At  the  end  of  the  second  month  a  centre  appears  in  the  root  of  the  great  wing  between 
the  foramen  ovale  and  foramen  rotundum ;  from  this  the  ossification  spreads  outwards  and 
backwards  and  also  downwards  into  the  external  pterygoid  plate.  Meanwhile  two  centres 
appear  about  the  same  time  in  the  basi-sphenoid  in  relation  to  the  floor  of  the  sella  turcica  and 
on  either  side  of  the  cranio-pharyngeal  canal,  around  which  they  ossify,  ultimately  leading 
to  the  obliteration  of  this  channel.  Somewhat  later  a  centre  appears  on  either  side,  from 
which  the  lateral  aspect  of  the  body  and  the  lingula  are  developed.  Fusion  between  these 
four  centres  is  usually  complete  by  the  sixth  month. 

In  the  pre-sphenoid  a  pair  of  lateral  nuclei  make  their  appearance  about  the  middle  of 
the  third  month,  just  external  to  the  optic 
foramina ;  from  each  of  these  the  orbito- 
sphenoids  (lesser  wings)  and  their  roots  are 
developed.  About  the  same  time  another 
pair  of  centres,  placed  mesial  to  the  optic 
foramina,  constitute  the  body  of  the  pre- 
sphenoid.  By  the  coalescence  of  these  in 
front,  and  their  ultimate  union  with  the  basi- 
sphenoid  behind,  a  cartilaginous  interval  is 
enclosed,  of  triangular  shape,  which,  however, 
becomes  gradually  reduced  in  size  by  the 
ingrowth  of  its  margins  so  as  to  form  two 
mesially-placed  foramina,  as  may  be  frequently 
observed  in  young  bones — one  opening  on  the 

surface  of  the  olivary  eminence,  the  other  being  placed  anteriorly  (Lawrence, 
Soc.  Anat."  Journ.  Anat.  and  Physiol.,  vol.  xxviii.  j^.  19). 

As  has  been  said,  the  internal  pterygoid  plates  are  developed  in  membrane.  Each  is 
derived  from  a  single  nucleus  which  appears  about  the  fourth  month  and  fuses  with  the 
under  surface  of  the  great  wing,  there  forming  a  groove,  which  is  converted  into  the 
Vidian  canal  when  the  alisphenoid  and  internal  pterygoid  plates  fuse  later  with  the  body 
of  the  post-sphenoid. 

At  birth  the  sphenoid  consists  of  three  parts  :  one  comprising  the  orbito-sphenoids 
together  with  the  body  of  the  pre-sphenoid  and  the  basi-sphenoid,  the  others  consisting  of 
the  alisphenoids,  one  on  either  side.  Fusion  of  the  latter  with  the  former  occurs  near  the 
end  of  the  first  year.  The  dorsum  sella  at  birth  consists  of  a  cartilaginous  plate  which 
separates  the  body  of  the  post-sphenoid  from  the  basi-occipital.  This  slowly  ossifies,  but 
the  cartilage  does  not  entirely  disappear  till  the  age  of  twenty-five,  by  which  time  bony  anky- 
losis of  the  basi-cranial  axis  is  complete.  For  a  considerable  time  the  under  surface  of  the 
body  of  the  pre-sphenoid  displays  a  buUate  appearance,  with  the  sides  of  which  the 
sphenoidal  turbinated  bones  articulate.    It  is  only  after  the  seventh  or  eighth  year  is 


Fig.  94. — Ossification  of  Sphenoid. 

a,  Presphenoid ;  b,  Orbito-spheuoids  ;  c,  Alisphenoids  ; 
d,  Internal  pterygoid  plates  ;  e,  Basisphenoid. 
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reached  that  the  cancellous  tissue  within  this  part  of  the  bone  becomes  absorbed  to  form 
the  sphenoidal  sinuses. 

The  sphenoidal  turbinals  (conchse  sphenoidales),  or  bones  of  Bertin,  best  studied  in 
childhood,  are  formed  by  the  fusion  of  four  distinct  ossicles  (Cleland),  the  centres  for 
which  appear  in  the  later  months  of  utero-gestation.  Each  bone  consist  of  a  hollow  three- 
sided  pyramid,  the  apex  of  which  is  in  contact  with  the  fore  part  of  the  vaginal  process  of 
the  internal  pterygoid,  whilst  the  base  fits  on  to  tlie  posterior  surface  of  the  lateral  mass 
of  the  ethmoid.  The  inferior  surface  of  each  forms  the  roof  of  the  corresponding  nasal 
fossa  and  completes  the  formation  of  the  spheno-palatine  foramen,  whilst  the  external 
aspect  is  united  with  the  palate  bone  and  forms  the  inner  wall  of  the  spheno-maxillary 
fossa  and  occasionally  constitutes  a  part  of  the  orbital  wall  posterior  to  the  os  planum  of 
the  ethmoid.  The  superior  surface  of  the  sphenoidal  turbinal  is  applied  to  the  fore  and 
under  surface  of  the  body  of  the  pre-sphenoid  on  either  side  of  the  rostrum.  It  is  by  the 
absorption  of  this  wall  that  the  sphenoidal  sinuses  are  ultimately  opened  up.  The  base 
of  the  pyramid  forms  the  aperture  through  which  each  of  these  sinuses  opens  into  the 
nasal  fossae  in  the  adult.  Owing  to  their  firm  ankylosis  with  the  surrounding  bones,  these 
ossicles  are  merely  represented  in  the  adult  disarticulated  skull  by  the  irregular  frag- 
ments adherent  to  the  separated  borders  of  the  ethmoid,  palate,  and  sphenoid  bones. 

The  Ethmoid  Bone. 

The  ethmoid  bone  (os  etlimoidale)  lies  in  front  of  the  sphenoid,  and  occupies 
the  interval  between  the  orbital  plates  of  the  frontal,  thus  entering  into  the  forma- 
tion of  the  anterior  cranial  fossa  as  well  as  the  inner  walls  of  the  orbits  and  the 
roof  and  inner  and  outer  walls  of  the  nasal  fosstie.  The  bone,  which  is  exti-emely 
light,  consists  of  two  cellular  parts — the  lateral  masses,  which  are  united  superiorly 
to  a  mesial  vertical  plate  by  a  thin  horizontal  lamina  which,  from  its  perforated 
condition,  is  called  the  cribriform  plate. 

The  study  of  this  bone  will  be  nnich  facilitated  by  cutting  through  the  cribriform 
plate  on  one  side  of  the  vertical  plate,  thus  removing  the  lateral  mass  of  one  side  and 
exposing  more  fully  the  central  perpendicidar  lamina. 

The  vertical  plate  (lamina  perpendicnlaris),  of  irregular  pentagonal  shape,  forms 
the  upper  part  of  the  nasal  septum.    Its  superior  border  projects  above  the  level  of 

the  cribriform  plate  so  as  to  form  a 
crest,  which  is  much  elevated  an- 
teriorly, where  it  terminates  in  a 
buUate  process  called  the  crista  galli, 
the  upper  edge  of  which  is  sharp 
and  pointed,  and  affords  attachment 
to  the  falx  cerebri.  In  front  of  this 
process  there  is  a  gioove  which 
separates  the  alar  processes  (pro- 
cessus alares)  which  project  from 
the  crista  galli  on  either  side,  liy 
articulation  with  the  frontal  bone 
this  groove  is  conA  erted  into  a  canal, 
the  foramen  caecum ;  this,  however, 
is  not  always  blind,  but  frequently 
transmits  a  vein  to  the  roof  of  the 
nose.  The  posterior  margin  of  the 
vertical  plate  is  thin,  and  articulates 
with  the  crest  of  the  sphenoid. 
The  posterior  inferior  border  in  the  adult  is  ankylosed  with  the  vomer;  and  the 
anterior  inferior  edge,  which  is  usuall}'  thicker  than  the  others,  xniites  with  the 
cartilaginous  nasal  septum.  The  anterior  sitperior  border  articulates  with  the  nasal 
spine  of  the  frontal  bone  and  with  the  median  crest  formed  by  the  union  of  the 
two  nasal  bones.  The  vertical  plate,  which  is  usually  deflected  to  one  or  other 
side,  has  generally  smooth  surfaces,  except  above,  where  they  are  channelled  by 
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short  and  shallow  grooves  leading  to  the  foramma  which  pierce  the  cril)riform  plate  ; 
these  are  for  the  lodgment  of  the  olfactory  nerves. 

The  lateral  mass  or  labyrinth  (labyrinthus)  is  composed  of  papery  bone, 
enclosing  a  large  number  of  air  cells;  these  are  arranged  in  three  groups,  an 
anterior,  a  middle,  and 
a  posterior,  the  walls  of 
which  have  been  broken 
in  front,  above,  behind, 
and  below,  in  the  pro- 
ces*s  of  disarticulation. 
Externally  they  are 
closed  in  by  a  thin  ob- 
long lamina,  the  orbital 
plate  or  os  planum 
(lamina  papyracea), 
which  forms  a  part  of 
the  inner  wall  of  the 
orbit,  and  articulates 
above  with  the  orljital 
plate  of  the  frontal, 
which  here  roofs  in  the 
ethmoidal  cells.  The  line  of  this  suture  is  pierced  by  two  canals,  the  anterior  and 
posterior  ethmoidal  canals,  both  of  which  transmit  small  ethmoidal  vessels,  whilst 
the  anterior  also  gives  passage  to  the  nasal  nerve.  In  front  the  os  planum  articu- 
lates with  the  lachrymal  bone ;  whilst  below,  by  its  union  with  the  orbital  surface 
of  the  superior  maxillary  bone,  the  air  sinuses  in  both  situations  are  completed. 
Posteriorly  the  os  planum  articulates  with  the  sphenoid,  and  at  its  posterior 
inferior  angle  for  a  variable  distance  with  the  orl)ital  process  of  the  palate  bone, 
both  of  which  serve  to  close  in  the  air  cells.  The  mesial  aspect  of  the  lateral  mass 
displays  the  convoluted  turbinated  processes,  usiially  two  in  number,  though 
occasionally  there  may  be  three  —  rarely  more.  In  cases  where  there  are  two 
ethmo-turbinals  they  are  separated  posteriorly  by  a  deep  groove.  A  channel  is 
thus  formed  in  the  back  part  of  the  lateral  and  upper  aspect  of  the  nasal  fossae, 
called  the  superior  meatus,  which  is  roofed  in  by  the  superior  turbinated  process 
(concha  superior),  whilst  its  floor  is  formed  by  the  upper  surface  of  the  middle 
turbinated  process  (concha  media).  The  posterior  ethmoidal  cells  open  into  this 
^  .,  .„       ...  1  meatus.    In  front  of  the  superior  meatus, 

Cnbriforin     Anterior  etlimoidaU  1  ' 

which  only  grooves  the  posterior  half  of 
this  aspect  of  the  bone,  the  surface  is 
rounded  from  above  downwards  and  before 
backwards,  and  forms  the  inner  wall  of 
the  anterior  and  middle  ethmoidal  cells. 
Running  obliquely  from  above  downwards, 
and  backwards  over  the  mesial  surface  of 
the  superior  concha,  are  a  number  of  fine 
grooves  continuous  above  with  the  fora- 
mina in  the  cribriform  plate ;  these  are 
fewer  and  more  scattered  in  front,  do  not 
pass  on  to  the  middle  concha,  and  are  for 
the  olfactory  nerves. 

The  middle  turbinated  process  (concha 
media)  is  nearly  twice  the  length  of  the  superior.  Its  anterior  extremity  is  united 
for  a  short  distance  to  the  superior  turbinated  crest  on  the  inner  side  of  the 
frontal  process  of  the  superior  maxilla.  By  its  thickened  free  convoluted  border 
it  overhangs  a  deep  groove  which  runs  along  the  under  surface  of  the  lateral  mass. 
This  is  the  middle  meatus  of  the  nose.  It  receives  the  openings  of  the  middle 
ethmoidal  cells  and  a  passage  which  runs  upwards  and  forwards  from  it,  the 
infundibulum.  This  communicates  with  the  anterior  ethmoidal  cells  and  the 
frontal  sinus.    The  outer  side  of  the  middle  meatus  is  formed  by  the  thin  inner 
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Fig.  97. — Section  showing  Nasal  Aspect  of 
Left  Lateral  Mass  of  Ethmoid. 
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FiQ;  98. — Showing  Articulation  of  Inferior  Turbinated 
Bone  with  Ethmoid. 


walls  of  the  ethmoidal  cells.  Curving  downwards,  backwards,  and  a  little  out- 
wards from  the  roof  of  the  fore  part  of  this  meatus  is  the  uncinate  process  (pro- 
cessus uiicinatus).    This  l)ridges  across  the  irregular  opening  on  the  inner  wall  of 

the  maxillary  sinus,  and  articu- 
lates inferiorly  with  the  eth- 
moidal process  of  the  inferior 
turbinated  bone.  The  hinder 
extremity  of  the  middle  turbin- 
ated bone  articulates  with  the 
ethmoidal  crest  on  the  vertical 
plate  of  palate  bone. 

The  cribriform  plate  (lamina 
cribrosa)  is  the  horizontal 
lamina  which  connects  the 
lateral  masses  with  the  vertical 
plate,  much  in  the  same  manner 
as  the  cross  limb  of  a  capital  T 
-Lachrymal  process  ig  arranged.  It  occupics  the 
interval  between  the  orbital 
plates  of  the  frontal  bone, 
J  r  •  roofing  in  the  nasal  fossie  in- 

, Inferior  p 

turhinateii  bone  feriorly,  and  superiorly  forming 
Etimioiaai  process  either  side  of  the  crista  galli 

two  shallow  olfactory  grooves  in 
which,  in  the  recent  condition, 
the  olfactory  lobes  of  the  cere- 
brum are  lodged.  Numerous  foramina  for  the  transmission  of  the  olfactory  nerves 
pierce  this  part  of  the  bone— those  to  the  inner  and  outer  sides  of  the  groove 
are  the  largest  and  most  regular  in  their 
arrangement.  Along  the  outer  edges  of  the 
cribriform  plate  two  notches  can  usually  be 
distinguished ;  when  articulated  with  the  crista  gaii 
frontal  bone  these  form  the  inner  openings  of 
the  ethmoidal  canals.  Leading  forward  from 
the  anterior  of  these  there  is  often  a  groove 
which  crosses  to  the  side  of  the  crista  galli, 
where  it  ends  in  a  slit,  which  allows  of  the 
transmission  of  the  nasal  nerve  to  the  nose. 
Posteriorly  the  cribriform  plate  articulates 
with  the  ethmoidal  spine  of  the  sphenoid. 

Connexions. — The  ethmoid  articulates  with  the 
sphenoid  and  sj^henoichil  turbinals,  the  frontal,  the 
two  nasals,  two  superior  maxilke,  two  lachrymals, 
two  inferior  tnrliinals,  two  ])alates,  and  the  vomer. 

Variations. — Tlie  size  of  the  os  planum  is  liahle 
to  considerable  variations.  In  the  lower  races  it  tends 
to  he  narrower  from  above  downwards  than  in  the 
higher,  in  this  respect  resembling  the  condition  met 
with  in  the  anthropoids.  The  os  planum  may  fail  to 
articulate  with  the  lachrymal  owing  to  the  union  of  the  frontal  with  the  orbital  ])rocess  of  the 
superior  maxilla  in  front  of  it.  (Orluto-maxillary  frontal  suture.  A.  Thomson,  Journ.  Anut. 
and  Physiol.,  vol.  xxiv.  p.  349.)  Division  of  the  os  planum  by  a  vertical  suture  into  an  anterior 
and  jTOsterior  part  has  been  frequently  recorded.  The  number  of  the  turliinals  may  lie  increased 
from  two  to  four,  or  may  be  reduced  to  one.  (ReiJort  of  Committee  of  Collect.  Invest.  Jowrn. 
Anat.  and  Physiol,  vol  xxviii.  p.  74.) 

Ossification  takes  place  in  tlie  cartilage  of  the  nasal  capsule.  Each  lateral  mass  has 
one  centre,  which  appears  about  the  fourth  or  fifth  month  in  the  neighbourhood  of  tlie 
OS  planum.  From  this  the  laminae  around  the  ethmoidal  air  cells  are  formed  which  are 
complete  at  birth,  the  air  sinuses  in  this  instance  not  being  formed  by  the  absorjition 
of  cancellous  bone.  From  these  centres  the  turbinals  are  also  developed,  and  these,  too, 
arc  ossified  at  the  ninth  month. 
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At  birth  the  ossified  lateral  masses  arc  united  to  the  central  cartilaginous  plate  by  a 
fibrous  layer.  Two  centres  make  their  appearance  in  the  mesial  cartilage  on  either  side 
of  the  root  of  the  crista  galli  about  the  end  of  the  first  year ;  from  these,  the  crista  galli 
and  the  vertical  plate  are  ossified  as  well  as  the  mesial  part  of  the  cribriform  plate,  the 
lateral  portions  of  which  are  derived  from  an  inward  extension  of  the  lateral  mass. 

Ossification  is  usually  complete  about  the  fifth  or  sixth  year.  About  the  twenty-fifth 
year  bony  luiion  has  taken  place  between  the  cribriform  plate  and  the  sphenoid,  but 
ankylosis  between  the  vertical  plate  and  the  vomer  is  not  usual  till  the  fortieth  or  forty- 
fifth  year. 

Wormian  Bones. 

Along  the  line  of  the  cranial  sutures  and  in  the  region  of  the  fontanelles,  isolated 
bones  of  irregular  form  and  var'iable  size  are  occasionally  met  with.  These  are  the 
so-called  Wormian  bones,  named  after  the  Danish  anatomist  Wormius.  They  are  also 
called  sutural  or  epactal  bones.  Their  presence  depends  on  the  fact  that  they  are 
either  developed  from  distinct  ossific  nuclei,  or  it  may  be  from  a  division  of  the  primary 
ossific  deposit.  They  usually  include  the  whole  thickness  of  the  cranial  wall,  or  it  may 
be  only  involve  the  outer  or  inner  tables  of  the  cranial  bones.  They  are  most  frequent  in 
the  region  of  the  lambda  and  the  lambdoid  suture.  They  occur  commonly  about  the 
pterion,  and  in  this  situation  are  called  epipteric  bones  (Flower).  By  their  fusion  with 
one  or  other  of  the  adjacent  bones  they  here  lead  to  the  occurrence  of  a  fronto-squamosal 
suture.  Their  presence  has  also  been  noted  along  the  line  of  the  sagittal  suture,  and 
sometimes  in  metopic  skulls  in  the  inter-frontal  suture.  They  are  occasionally  met  with 
at  the  asterion  and  more  rarely  at  the  obelion.  They  appear  less  frequently  in  the  face, 
but  their  presence  has  been  noted  around  the  lachrymal  bone,  and  also  at  the  extremity  of 
the  spheno-inaxillary  fissure,  where  they  may  form  an  independent  nodule  wedged  in 
between  the  great  wing  of  the  sphenoid,  the  malar,  and  the  superior  maxillary  bones. 


BONES  OF  THE  FACE. 

The  bones  of  the  face  (ossa  faciei),  fourteen  in  number,  comprise  two  superior 
maxillte,  two  palates,  two  malars,  two  lachrymals,  and  two  nasals,  together  with  the 
vomer  and  inferior  maxilla. 

The  Superior  Maxillary  Bones. 

The  superior  maxillae  (maxilhe),  of  which  there  are  two,  unite  to  form  the 
upper  jaw.  Each  consists  of  a  body,  with  which  are  connected  four  projections, 
named  respectively  the  zygomatic,  frontal,  alveolar,  and  palatal  processes. 

The  body  (corpus)  is  of  pyramidal  form,  and  contains  within  it  a  hollow  called 
the  antrum  or  maxillary  air  sinus.  It  has  four  surfaces — an  antero-external  or  facial, 
a  postero-external  or  zygomatic,  a  supero-external  or  orbital,  and  an  internal  or 
nasal.  The  antero-external  or  facial  surface  (facies  anterior)  is  confluent  below  with 
the  alveolar  process.  Above,  it  is  separated  from  the  orbital  aspect  by  the 
infraorbital  margin  (margo  infraorbitalis),  whilst  internally  it  is  limited  by  the  free 
margin  of  the  nasal  notch,  which  ends  below  in  the  pointed  anterior  nasal  spine 
(spina  nasalis  anterior).  Posteriorly  it  is  separated  from  the  zygomatic  surface  by 
the  inferior  border  of  the  zygomatic  process.  The  facial  aspect  of  the  bone  is  ridged 
by  the  sockets  of  the  teeth  (juga  alveolaria).  The  ridge  corresponding  to  the  root 
of  the  canine  tooth  is  usually  the  most  pronoimced ;  and  internal  to  this,  and  over- 
lying the  roots  of  the  incisor  teeth,  is  the  shallow  incisive  or  myrtiform  fossa,  whilst 
placed  externally,  on  a  higher  level,  is  the  deeper  canine  fossa,  the  floor  of  which 
is  formed  in  part  by  the  projecting  zygomatic  process.  Above  this,  and  near  the 
infraorbital  margin,  is  the  infraorbital  foramen,  the  external  opening  of  the 
infraorbital  canal,  which  transmits  the  infraorbital  nerve  and  artery.  The  postero- 
external or  zygomatic  surface  is  separated  above  from  the  orbital  aspect  by  a 
rounded  free  edge,  which  forms  the  anterior  margin  of  the  spheno-maxillary  fissure 
in  the  articulated  skull.  Inferiorly,  and  in  front,  it  is  separated  from  the  facial 
surface  by  the  zygomatic  process  and  its  free  lower  border.  Internally  it  is  limited 
by  a  sharp  irregular  margin  with  which  the  palate  bone  articulates.    This  surface 
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is  more  or  less  convex  and  is  directed  towards  the  zygomatic  and  spheno-maxillary 
fossce.    It  is  pierced  in  ' 


Nasal  process 


Lachrymal 


Tuberosity 


downward  direction  by  the  apertures  of  the  posterior 

dental  canals  (foramina 
alveolaria),  two  or 
more  in  number,  wliich 
transmit  tlie  corre- 
sponding nerves  and 
vessels  to  the  molar 
teeth.  Its  lower  part, 
slightly  more  promi- 
nent where  it  overhangs 
the  root  of  the  wisdom 
molar,  is  often  called 
the  tuberosity  (tuber 
maxillare).  The  suj)ero- 
external  or  orbital  sur- 
face (planum  orbitale), 
smooth  and  plane,  is 
triangular  in  shape  and 
forms  part  of  the  floor 
of  the  orbit.  Its  an- 
terior edge  corresponds 
to  the  infraorbital 
margin ;  its  posterior 
border  coincides  with 
the  anterior  Ijoundary 
of  the  spheno-maxillary  fissure.  Its  thin  iinier  edge,  which  may  be  regarded  as  the 
base  of  the  triangle,  is  notched  in  front  to  form  the  lachrymal  groove  (sulcus  lacri- 
malis),  behind  which  it  articulates  with  the  lachrymal  bone  for  a  short  distance, 
then  for  a  greater  length  with  the  os  planum  of  the  ethmoid,  and  terminates 
posteriorly  in  a  surface 
for  articulation  with  the 
orbital  process  of  the 
palate  bone.  Its  ex- 
ternal angle  corresponds 
to  the  outspring  of  the 
zygomatic  process.  Tra- 
versing its  substance  is 
the  infraorbital  canal,  the 
anterioropening  of  which 
has  l:>een  already  noticed 
on  the  facial  aspect  of 
the  body.  Behind, 
however,  owing  to  de- 
ficiency of  its  roof,  the 
canal  forms  a  groove 
which  lips  the  edge  of 
the  bone  which  consti- 
tutes the  anterior  boun- 
dary of  the  spheno- 
maxillary fissure.  If 
this  canal  be  laid  open, 
the  orifices  of  the  middle 
and  anterior  dental  canals 
will  be  seen,  whicli  ti'ans- 
mit  the  corresponding- 
vessels  and  nerves  to  the  bicuspid  and  incisor  teeth.  The  inner  or  nasal  surface 
(facies  nasalis)  of  the  body  is  directed  inwards  towaixls  the  nasal  fossa'.  Below  it  is 
continent  with  the  upper  surface  of  the  palatal  process  ;  in  front  it  is  limited  by  the 
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sharp  edge  of  the  nasal  notch;  above  and  in  front  it  is  continuous  with  the  inner 
surface  of  the  frontal  process,  behind  which  it  is  deeply  channelled  by  the  lachrymal 
groove,  which  is  converted  into  a  canal  by  articulation  with  the  lachrymal  and 
inferior  turbinated  bones.  The  channel  so  formed  conveys  the  nasal  duct  from  the 
orbital  cavity  above  to  the  inferior  nasal  meatus  below.  Behind  this  groove  the 
upper  edge  of  this  area  corresponds  to  the  inner  margin  of  the  orbital  surface,  and 
articulates  from  before  backwards  with  the  lachrymal,  os  planum  of  the  ethmoid, 
and  the  orbital  process  of  the  palate  bone.  The  posterior  border,  rough  for 
articulation  with  the  palate  bone,  is  traversed  obliquely  from  above  downwards  and 
slightly  inwards  by  a  groove,  which,  by  articulation  with  the  palate  bone,  is  con- 
verted into  the  posterior  palatine  or  palato-maxillary  canal  which  transmits  the 
descending  palatine  artery  and  great  palatine  nerve.  Towards  its  upper  and  hinder 
part  the  nasal  surface  of  the  body  displays  the  irregular,  more  or  less  triangular, 
opening  of  the  antrum  (sinus  maxillaris).  This  aperture,  which,  in  the  articulated 
skull  opens  into  the  middle  meatus  of  the  nose,  is  much  reduced  in  size  by  articula- 
tion with  the  ethmoid,  palate,  and  inferior  turbinal  bones.  In  front  of  the 
lachrymal  groove,  the  inner  surface  is  ridged  horizontally  by  the  inferior  turbinated 
crest  (crista  conchalis),  to  which  the  inferior  turbinated  bone  is  attached. 
Below  this,  the  bone  forms  the  outer  wall  of  the  inferior  nasal  meatus,  receiving 
the  termination  of  the  lachrymal  groove.  Above,  and  for  some  little  distance  also 
on  the  inner  side  of  the  frontal  process,  it  constitutes  the  smooth  outer  wall  of  the 
atrium  of  the  middle  meatus. 

The  zygomatic  or  malar  process  (processus  zygomaticus),  which  is  placed  on 
the  outer  surface  of  the  body,  is  confluent  anteriorly  with  the  facial  surface  of  the 
body  ;  posteriorly,  where  it  is  concave  from  side  to  side,  with  the  zygomatic  surface  ; 
whilst  superiorly,  where  it  is  rough  and  articular,  it  forms  the  apex  of  the  triangular 
orbital  plate,  and  supports  the  malar  bone.  Inferiorly,  its  anterior  and  posterior 
surfaces  meet  to  form  an  arched  border,  which  fuses  with  the  alveolar  process 
opposite  the  root  of  the  first  molar  tooth,  and  serves  to  separate  the  facial  from  the 
zygomatic  aspects  of  the  body. 

The  frontal  or  nasal  process  (processus  frontalis)  rises  from  the  upper  and 
fore  part  of  the  body.  It  has  two  surfaces — one  external,  the  other  internal.  The 
external  is  divided  into  two  by  a  vertical  ridge  (crista  lachrymalis  anterior),  which 
is  the  upward  extension  of  the  infra-orbital  margin.  The  narrow  strip  of  bone 
behind  this  ridge  is  hollowed  out,  and  leads  into  the  lachrymal  groove  below. 
Posteriorly  the  edge  of  the  frontal  process  here  articulates  with  the  lachrymal,  and 
so  forms  the  fossa  for  the  lodgment  of  the  lachrymal  sac  (fossa  sacci  lacrimalis). 
In  front  of  the  vertical  crest,  to  which  the  tendo  oculi  is  attached,  the  external 
surface  is  confluent  below  with  the  facial  aspect  of  the  body,  and  forms  the  side  of 
the  root  of  the  nose.  Its  anterior  edge  is  rough,  or  grooved,  for  articulation  with 
the  nasal  bone.  Superiorly  the  summit  of  the  process  is  serrated  for  articulation 
with  the  frontal  bone.  The  inner  surface  of  the  nasal  process  is  directed  towards 
the  nasal  fossae.  It  is  crossed  obliquely  from  below  upwards  and  backwards  by  a 
ridge — the  agger  nasi  or  superior  turbinated  crest  (crista  ethmoidalis).  Below  this 
the  bone  is  smooth  and  forms  the  upper  part  of  the  atrium,  whilst  the  ridge  itself 
articulates  posteriorly  with  the  fore  part  of  the  middle  turbinated  process  of  the 
ethmoid  bone. 

The  alveolar  process  (processus  alveolaris)  projects  from  the  under  surface  of 
the  body  of  the  bone  below  the  level  of  the  palatal  process.  Of  curved  form,  it 
completes,  with  its  fellow  of  the  opposite  side,  the  alveolar  arch,  in  which  are 
embedded  in  sockets  or  alveoli  the  roots  of  the  teeth  of  the  upper  jaw ;  ordinarily 
in  the  adult,  when  dentition  is  complete,  each  alveolar  process  supports  eight  teeth. 
Piercing  the  inner  surface  of  the  alveolar  border  behind  the  incisor  teeth  two 
small  vascular  foramina  are  usually  visible.  When  any  or  all  the  teeth  are  shed 
the  alveoli  become  absorbed,  and  the  process  may  under  these  circumstances  be 
reduced  to  the  level  of  the  plane  of  the  palatal  process.  Posteriorly  the  alveolar 
process  ends  below  the  tuberosity  of  the  body ;  anteriorly  it  shares  in  the  formation 
of  the  intermaxillary  suture. 

The  palatal  process  (processus  palatinus),  of  the  form  of  a  quadrant,  lies  in  the 
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horizontal  plane;  it  has  two  surfaces — upper  and  under — and  three  borders,  a  straight 
internal,  a  more  or  less  straight  posterior,  and  a  curved  external,  by  which  latter 
it  is  attaclied  to  the  inner  side  of  the  body  and  alveolar  process  as  far  Imck  as  the 
interval  between  the  second  and  third  molar  teeth.  Its  under  surface,  together 
with  that  of  its  fellow,  forms  the  anterior  three-fourths  of  the  vaulted  hard  palate ; 
it  is  rough  and  pitted  for  the  glands  of  the  mucous  membrane  of  the  roof  of  the 
mouth,  and  is  grooved  on  either  side  near  the  alveolar  margin  by  a  channel  which 
passes  forward  from  the  posterior  palatine  canal  and  transmits  the  great  palatine 
nerve  and  descending  palatine  artery.  Its  suj^erior  surface,  smooth  and  concave 
from  side  to  side,  forms  the  floor  of  the  corresponding  nasal  fossa.  Its  internal  or 
mesial  border,  broad  and  serrated,  rises  in  a  ridge  superiorly,  so  as  to  form  with  its 
fellow  of  the  opposite  side  the  nasal  crest  (crista  nasalis),  which  is  grooved  superiorly 
to  receive  the  lower  border  of  the  vomer.  In  front  of  its  articulation  with  tlie 
vomer  tliis  ridge  rises  somewhat  higher,  being  named  the  incisor  crest,  anterior  to 
which  it  projects  beyond  the  free  border  of  the  nasal  notch,  and  together  with  its 
fellow  forms  the  pointed  projection  called  the  anterior  nasal  spine  (spina  nasalis 
anterior).  These  parts  support  the  septal  cartilage  of  the  nose.  Immediately  to 
the  outer  side  of  the  incisor  crest  the  superior  surface  of  the  palatal  process  is 
pierced  by  a  foramen  which  leads  downwards,  forward,  and  a  little  inwards,  to  open 
into  a  broad  groove  on  the  mesial  border  of  the  bone  immediately  behind  the 
central  incisor  tootli.  When  the  two  maxilhe  are  articulated,  tlie  two  grooves 
form  the  oval  anterior  palatine  canal  or  fossa,  into  which  the  two  aforementioned 
foramina  open  like  the  limbs  of  a  Y ;  these  are  called  the  incisor  foramina  or  tlie 
foramina  of  Stenson,  and  contain  the  remains  of  Jacobson's  organs.  In  front  and 
behind  these,  and  lying  within  the  .fossa  and  in  tlie  line  of  the  suture,  are  the 
smaller  foramina  of  Scarpa,  which  transmit  tlie  naso-palatine  nerves,  the  right  nerve 
usually  passing  through  the  posterior  foramen,  the  left  through  the  anterior.  The 
posterior  harder  of  the  palatal  process,  which  is  sharp  and  thin,  falls  in  line  with 
the  interval  between  the  second  and  third  molar,  and  articulates  with  the  horizontal 
plate  of  the  palate  bone. 

Tlie  maxillary  sinus  or  antrum  of  Highmore  (sinus  maxillaris)  lies  within  the 
body  of  the  bone,  and  is  of  corresponding  pyramidal  form,  its  base  being  directed 
'towards  the  nasal  fossa,  with  the  middle  meatus  of  which  it  communicates,  its 
summit  extending  outwards  into  the  root  of  the  zygomatic  process.  It  is  closed 
in  externally  and  above  by  the  thin  walls  which  form  the  facial,  zygomatic,  and 
orbital  surfaces  of  the  body.  Inferiorly  it  overlies  the  alveolar  process  in  which 
the  molar  teeth  are  implanted,  the  sockets  of  whicli  are  separated  from  it  by  a  thin 
layer  of  bone. 

Advantage  is  taken  of  this  circumstance  to  pierce  the  floor  of  the  antrum  in  such  conditions 
as  necessitate  its  tliorough  drainage,  as  its  natural  ovitlet  into  the  middle  meatus  is  of  tlie  nature 
of  an  overflow  aperture,  and  so  prevents  purulent  fluids,  which  may. here  accumulate,  from  being 
readily  discharged. 

The  angles  and  corners  of  this  cavity  are  frequently  groined  by  narrow  ridges 
of  bone,  and  the  interior  is  lined  by  an  extension  from  the  mucous  membrane  of 
the  nose. 

Connexions. — The  su2)erior  maxillary  bone  articulates  with  tlie  nasal,  frontal,  lachrymal, 
and  ethmoid  bones  above,  externally  witli  the  malar,  and  occasionally  with  the  splienoid, 
posteriorly  and  internally  witli  the  jjalate,  whilst  on  its  inner  side  it  unites  with  its  fellow  of 
the  opposite  side,  and  also  sujjports  the  inferior  turbinated  bone  and  the  vomer. 

Architecture. — The  disposition  of  the  maxillary  sinus  within  the  body  of  the  bone  has  been 
already  referred  to.  In  union  with  its  fellow,  the  vaulted  arrangement  of  the  hard  palate  is  well 
displayed,  and  the  arched  arrangement  of  the  superior  alveolar  processes  is  obvious.  It  is  in 
these  latter  i)rocesses  around  the  sockets  for  the  reception  of  the  teeth  that  the  cancellous  tissue 
of  tlic  bone  is  seen  ;  elsewhere  its  walls  are  formed  by  thin  and  dense  bone. 

Variations. — Not  unfrequently  thei-e  is  a  suture  inmning  vertically  through  the  bar  of  l)one 
which  separates  the  infraorbital  foramen  from  the  infraorbital  margin.  Througii  imperfections 
in  ossification  the  infraorbital  canal  may  form  an  oijen  groove  along  the  floor  of  the  orbit. 

Ossification, — The  superior  maxillfie  are  developed  in  the  connective  tissue  around 
the  oral  aperture  of  the  embryo.  The  centres  from  whicii  the  bone  ossifies  are  not 
preceded  by  a  cartilaginous  stage.    Their  number  is  uncertain,  as  early  fusion  occurs 
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between  them.  They  first  make  their  appearance  in  the  second  month  of  intrauterine 
Ufe,  shortly  after  the  clavicle  has  begun  to  ossify.  By  the  sixth  mouth  they  are  so  united 
that  their  independent  character  is  obscured.  Five  centres  are  described — an  external  or 
malar,  which  forms  the  bone  to  the  outer  side  of  the  infra-orbital  canal ;  an  inner  or 
orbito-nasal ,  from  which  is  developed  the  inner  part  of  the  floor  of  the  orbit,  the  frontal 
process,  and  the  wall  of  the  antrum ;  a  2^alatine,  for  the  posterior  three-fourths  of  the 
palatal  process  ;  a  ?iasal,  situated  between  the  frontal  process  and  the  canine  tooth  ;  and 
within  this  and  nearer  the  middle  line  and  below,  an  incisive  centre,  from  which  the  pre- 
maxilte  are  developed,  thus  forming  the  anterior  fourth  of  the  palatal  process  in  the 
adult.  In  the  early  stages  of  the  development  of  the  bone  the  alveolar  groove,  in  which 
the  teeth  are  developed,  lies  close  below  the  infraorbital  groove,  and  it  is  not  till  later 
that  they  become  separated  by  the  growth  of  the 
antrum,  which  first  makes  its  appearance  as  a  shallow- 
fossa  to  the  inner  side  of  the  orbito-nasal  element  about 
the  fourth  month.  In  the  adult  bone  the  course  of  the 
infraorbital  canal  and  foramen  serves  to  indicate  the 
line  of  fusion  of  the  orbito-nasal  and  malar  elements, 
whilst  the  position  of  the  anterior  palatine  canal  serves 
to  determine  the  line  of  union  of  the  incisive  with  the 
palatal  elements.  In  addition  to  the  foregoing  centres, 
Eambaud  and  Renault  describe  another  which,  together 
with  its  fellow,  is  wedged  in  between  the  incisive  and 
the  palatal  elements  beneath  the  vomer,  thus  explaining 
the  Y-shaped  arrangement  of  the  foramina  of  Stenson, 
which  open  into  the  anterior  palatine  canal. 

The  premaxillse,  which  in  most  vertebrates  are  in- 
dependent bones  lying  in  front  of  the  superior  maxillte, 
constitute  in  man  and  apes  the  portions  of  the  upper 
jaw  which  lie  in  front  of  the  anterior  palatine  foramen, 
and  support  the  superior  incisor  teeth.  They  are 
developed  from  the  incisive  centres  above  described ; 
the  line  of  fusion  of  these  elements  with  the  maxillae 
proper  can  readily  be  seen  in  young  skulls,  and  occa- 
sionally also  in  the  adult.  It  corresponds  to  a  suture 
which  passes  on  the  palate  obliquely  outwards  and 
forwards,  from  the  anterior  palatine  foramen  to  the 
interval  between  the  lateral  incisor  and  the  canine 
tooth.  In  cases  of  alveolar  cleft  palate  the  adjacent 
bones  fail  to  unite  along  the  line  of  the  suture.  In 
some  instances,  however,  the  cleft  passes  outwards 
between  the  central  and  lateral  incisor  teeth,  and  this 
condition  suggests  the  explanation  that  the  premaxillary 
element  is  derived  from  two  centres — a  lateral  and  a 
mesial.  The  researches  of  Albrect  and  Warinski  have 
confirmed  this  view.  The  latter  anatomist  further  observes  that  the  lateral  cleavage  may 
lead  to  a  division  of  the  dental  germ  of  the  lateral  incisor  tooth,  and  so  explain  the 
occurrence  of  the  supernumerary  incisor  which  is  occasionally  met  with.  In  this  way  the 
different  varieties  of  cleft  palate  are  readily  explained  ;  mesial  cleft  palate  being  due  to 
failure  of  union  between  the  two  premaxillary  bones.  Lateral  cleft  palate  may  be  of  two 
types  :  the  cleft  in  one  case  passing  forward  between  the  central  and  lateral  incisor,  and 
being  due  to  the  non-union  of  the  two  elements  from  which  the  premaxilla  is  primarily 
developed ;  the  other,  in  which  the  cleft  passes  between  the  lateral  incisor  and  the 
canine,  or  between  the  lateral  incisor  and  a  supernumerary  incisor,  owing  to  the  imperfect 
fusion  of  the  premaxilla  laterally  with  the  maxilla. 


Pig.  102. — Ossification  of  Superior 
Maxilla. 

A,  Outer  side  ;  B,  Inner  side  ;  C, 
Under  side,  a.  Nasal  process  ;  b, 
Orbital  plate  ;  c,  Anterior  nasal 
spine  ;  d,  Infraorbital  groove  ;  e, 
Infraorbital  foramen  ;  /,  Anterior 
palatine  groove  ;  g,  Palatal  process  ; 
h,  Premaxillary  suture  ;  /,  Alveolar 
process. 


The  Malar  Bones. 

The  malar  bone  (os  zygomaticum)  underlies  the  most  prominent  part  of  the 
eheek,  and  is  hence  often  called  the  cheek-bone.  Placed  to  the  outer  side  of  the 
orbital  cavity,  it  forms  the  sharp  external  border  of  that  hollow,  and  serves  to 
separate  that  space  from  the  temporal  and  zygomatic  fosste  which  lie  behind ; 
below,  it  rests  upon  and  is  united  to  the  superior  maxilla ;  behind,  it  enters  into 
the  formation  of  the  zygomatic  arch  which  bridges  across  the  temporal  fossa. 
9  a 
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As  viewed  from  the  outer  side,  the  bone  is  convex  from  side  to  side  and  has 
four  angles,  of  which  three  are  prominent.  These  are  the  ascending  or  frontal 
(processus  fronto-splienoidalis),  the  anterior  or  pointed  extremity  of  the  maxillary 
border,  and  the  posterior  or  temporal  (processus  temporalis). 

The  most  elevated  part  of  the  conx'ex  outer  surface,  (facies  anterior)  forms  the 
malar  tuberosity.  The  processus  temporalis,  sometimes  called  the  zygomatic  process, 
ends  posteriorly  in  an  oblique  edge,  which  articulates  with  the  extremity  of  the 
zygomatic  process  of  the  temporal  bone.  The  frontal,  the  most  proniinent  of  its 
pi-ocesses,  is  united  superiorly  to  the  external  angular  process  of  the  frontal  bone. 
The  edge  between  the  frontal  and  temporal  processes  is  thin  and  sharp ;  it  affords 
attachment  to  the  temporal  fascia,  and  near  its  i;pper  end  there  is  usually  a 
pronounced  angle  (processus  marginalis),  formed  by  a  sudden  change  in  the  direc- 
tion of  the  line  of  the  bone.  It  is  just  below  this  point  that  the  temporal  branch  of 
the  orbital  nerve  becomes  cutaneous.  The  lower  border  of  the  temporal  process  is 
somewhat  thicker  and  rounded ;  it  extends  downwards  and  forwards  towards  tlie 
inferior  angle,  where  the  bone  articulates  with  the  superior  maxilla,  and  is  then 
confluent  with  the  ridge  which  separates  the  facial  from  the  zygomatic  aspect  of 


Frontal  process  Frontal  process 


A  B 
Fig.  103. — Right  M.\lar  Bone.    A,  Outer  Side  ;  B,  Inner  Side. 


the  upper  jaw.  This  edge  of  the  bone  is  sometimes  called  the  masseteric  border 
since  it  affords  attachment  to  the  fibres  of  origin  of  the  masseter  muscle.  Sweeping 
downwards  in  front  of  the  frontal  process  is  a  curved  edge  which  terminates 
inferiorly  in  a  pointed  process.  This  border  forms  the  outer  and,  in  part,  the 
inferior  margin  of  the  orbital  cavity.  Between  the  anterior  extremity  of  the 
masseteric  edge  and  the  pointed  anterior  angle  there  is  an  irregular  suture  by 
which  the  bone  is  joined  to  the  maxilla.  The  opening  of  .the  malar  canal  (foramen 
zygomatico-faciale)  is  seen  on  the  outer  surface  of  the  bone ;  its  size  and  position 
are  very  variable. 

The  mesial  aspect  of  the  bone  is  distinguished  by  a  curved  elevated  crest,  called 
the  orbital  process,  which  extends  inwards  and  backwards,  and  is  confluent  externally 
with  the  orbital  margin.  This  process  has  two  surfaces — one  anterior,  which  forms 
a  part  of  the  outer  and  lower  wall  of  the  orbit,  and  one  posterior,  which  is  directed 
towards  the  temporal  fossa  above  and  the  zygomatic  fossa  below.  The  free  edge 
of  the  orbital  process  is  thin  and  serrated ;  a  little  below  its  middle  it  is  usually 
interrupted  by  a  non-articular  notch,  whicli  corresponds  to  the  anterior  extremity 
of  the  splieno-maxillary  fissure.  The  part  above  this  articulates  with  the  great  wing 
of  the  sphenoid,  the  portion  below  with  the  orl)ital  plate  of  the  superior  maxilla. 
Beliiud  the  orljital  process,  the  inner  surface  of  the  bone  is  concave  from  side  to 
side,  and  extends  backwards  along  the  mesial  aspect  of  the  temporal  process  and 
upwards  over  the  posterior  half  of  the  inner  side  of  the  frontal  process,  thus 
entering  into  the  formation  of  the  zygomatic  and  temporal  fossee  respectively. 
The  orV)ital  surface  of  the  orbital  process  usually  displays  the  openings  of  two 
canals  (foramina  zygomatico-orbitalia) — one  whicli  traverses  the  bone  below  the 
orbital  margin  and  appears  on  the  front  of  the  bone  as  already  described,  the  other 
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which  passes  obliquely  upwards  and  outwards  through  the  orbital  process  and 
appears  in  the  temporal  fossa,  to  the  inner  side  of  the  frontal  process  (foramen 
zygomatico-temporale).  The  former  transmits  the  ramus  subcutaneus  malae ;  the 
latter  the  temporal  branch  of  the  orbital  nerve. 

Below  the  orbital  process  there  is  a  rough  triangular  area,  bounded  externally 
by  the  maxillary  border.  This  articulates  with  the  malar  process  of  the  superior 
maxilla  and  occasionally  forms  the  outer  wall  of  the  antrum. 

Connexions. — The  malar  bone  articulates  with  the  frontal,  sphenoid,  superior  maxilla,  and 
temporal  bones. 

Architecture. — In  structure  the  bone  is  compact,  with  little  cancellous  tissue.  Together 
with  the  zygomatic  process  of  the  temporal  bone  it  forms  the  buttress  which  supports  the  superior 
maxilla  and  the  outer  orbital  wall  externally.  Additional  strength  is  imparted  to  the  bone  by 
the  angular  mode  of  union  of  its  orbital  and  facial  parts. 

Variations. — Cases  of  division  of  the  malar  bone  by  a  horizontal  suture  have  been  recorded, 
as  well  as  instances  of  its  separation  into  two  parts  by  a  vertical  suture.  Owing  to  the  supposed 
more  frequent  occurrence  of  this  divided  condition  in  Asiatics  the  malar  has  been  named  the  os 
Japonicum.  Barclay  Smith  ("  Proc.  Anat.  Soc."  Journ.  Anat.  and  Physiol.  April  1898,  p.  40) 
describes  a  case  in  which  the  malar  bone  was  divided  into  two  parts,  an  upper  and  lower,  by  a 
backward  extension  of  the  maxilla,  which  articulated  with  the  zygomatic  process  of  the  temporal, 
thus  forming  a  temporo-maxillary  arch.  Varieties  of  a  like  kind  have  also  been  described  by 
Gruber  and  others.  Cases  have  been  noted  where,  owing  to  deficiency  in  the  development  of  the 
malar,  the  continuity  of  the  zygomatic  arch  has  been  incomplete. 

Ossification. — The  malar  ossifies  in  membrane  most  probably  from  three  centres, 
disposed  as  follows  :  one  in  the  posterior  part  of  the  bone,  the  other  two  in  connexion 
with  the  orbital  process  and  orbital  margin.  Appearing  as  early  as  the  eighth  week,  these 
centres  are  confluent  by  the  beginning  of  the  fifth  month  of  foetal  life. 


The  Nasal  Bones. 

The  nasal  bones  (ossa  nasalia),  two  in  number,  lie  in  the  interval  between  the 
frontal  processes  of  the  superior  maxilla,  there  forming  the  root  or  bridge  of  the 
nose.    Each  bone  is  of  elongated  quad- 


Fig.  104.- 


-KiGHT  Nasal  Bone. 
B,  Inner  side. 


A,  Outer  side  ; 


rangular  form,  having  two  surfaces — 
an  inner  and  outer — and  four  borders. 
The  external  surface,  somewhat  con- 
stricted about  its  middle,  is  convex 
from  side  to  side,  and  slightly  concavo- 
convex  from  above  downwards.  Near 
its  centre  there  is  usually  the  opening 
of  a  nutrient  canal. 

The  internal  surface  is  not  so  ex- 
tensive as  the  external,  as  the  superior 
and  anterior  articular  borders  encroach 
somewhat  upon  it  above.  Concave 
from  side  to  side  and  also  from  above 
downwards  it  is  covered,  in  the  recent 
condition,  by  the  mucous  membrane  of  the  nose.  Eunning  downwards  along  this 
surface  is  a  narrow  groove  (sulcus  ethmoidalis),  which  transmits  the  internal  nasal 
nerve.  The  anterior  or  internal  border,  narrow  below,  is  thick  above,  and,  in  con- 
junction with  its  fellow  at  the  opposite  side,  with  which  it  articulates,  forms  a 
median  crest  posteriorly,  which  is  united  to  the  nasal  spine  of  the  frontal,  the 
vertical  plate  of  the  ethmoid,  and  the  septal  cartilage  of  the  nose,  in  that  order  from 
above  downwards.  The  posterior  or  external  border,  usually  the  longest,  is  serrated 
and  bevelled  to  fit  on  to  the  anterior  edge  of  the  frontal  process  of  the  superior 
maxilla.  The  superior  horder  forms  a  wide  toothed  surface,  which  articulates  with 
the  inner  part  of  the  nasal  notch  of  the  frontal  bone  anteriorly ;  whilst,  behind, 
it  rests  in  contact  with  the  root  of  the  nasal  process  of  the  same  bone.  The 
inferior  border  is  thin  and  sharp,  and  is  connected  below  with  the  lateral  cartilage 
of  the  nose,  and  is  usually  deeply  notched  near  its  mesial  extremity. 

Connexions.— The  nasal  bone  articulates  with  its  fellow  of  the  opposite  side,  with  the 
frontal  above,  behind  with  the  mesial  plate  of  the  ethmoid  and  with  the  frontal  process  of  the 
superior  maxilla.    It  is  also  united  to  the  septal  and  upper  lateral  cartilages  of  the  nose. 
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Architecture. — Formed  of  dense  and  comijact  bone,  the  strength  of  the  nasal  bones  is 
increased  by  their  mode  of  union  and  the  formation  of  a  median  crest  posteriorly. 

Variations.— The  size  and  configuration  of  the  nasal  bones  vary  greatly  in  different  races, 
being,  as  a  rule,  large  and  prominent  in  tlie  white  races,  and  flat  and  reduced  in  size,  as  well  as 
depressed,  in  the  Mongolian  and  Negro  stock.  Obliteration  of  the  internasal  suture  is  unusual ; 
it  is  stated  to  occur  more  freq^uently  in  negroes,  and  is  the  recognised  condition  in  adult  apes. 

Ossification. — The  nasal  bones  are  each  developed  from  a  single  centre,  which  makes 
its  appearance  about  the  end  of  the  second  month  in  the  membrane  covering  the  fore 
part  of  the  cartilaginous  nasal  capsule.  Subsequent  to  birth  the  underlying  cartilaginous 
stratum  disappears,  persisting,  however,  below  in  the  form  of  the  lateral  nasal  cartilage, 
and  behind  as  the  septal  cartilage  of  the  nose. 


The  Lachrymal  Bones. 


process 


The  lachrymal  bone  (os  lachrymale)  or  os  unguis,  a  thin  scale  of  bone  about  the 
size  of  a  finger-nail,  forms  part  of  the  inner  orbital  wall  behind  the  frontal  pro- 
cess of  the  superior  maxilla.  Irregularly  quadrangular,  it  has  two  surfaces — an 
inner  and  outer — and  four  borders. 

Its  external  or  orbital  surface  has  a  vertical  ridge,  the  lachrymal  crest  (crista 
lachrymalis  posterior),  running  downwards  upon  it.    In  front  of  this  is  the  lachrjrmal 
Orbital  surface  groove  (sulcus  lachrymalis)  for  the  lodgment  of  the  lachrymal 

sac.  The  floor  of  this  groove  descends  below  the  level 
of  the  bulk  of  the  bone,  and  forms  the  descending  process, 
which  helps  to  complete  the  osseous  canal  for  the  nasal 
duct,  and  articulates  inferiorly  with  the  inferior  turl)inal. 
The  lower  end  of  the  lachrymal  crest  terminates  in  a 
hook-like  projection,  the  hamular  process  (hamulus  lachry- 
malis), which  curves  round  the  posterior  and  outer  edge 
of  the  lachrymal  notch  of  the  superior  maxilla,  and  thus 
defines  the  upper  aperture  of  the  canal  for  the  nasal  duct. 
To  the  free  edge  of  the  crest  behind  the  lachrvmal  groove 
FiG^i05.-RiGHT  Lachrymal  ^^.^  attached  the  reriected  portion  of  the  tendo  oculi,  and 

Bone  (Orbital  Surlace).  ,  ,       .  ,        rn,  .     i.  .  i     i  i    i  •    i  i 

the  tensor  tarsi  muscle.  Ihe  part  of  the  bone  behmd  the 
lachrymal  crest  is  smooth  and  continuous  with  the  surface  of  the  os  planum  of 
the  ethmoid.  The  inner  surface  is  irregular  and  cellular  above ;  it  closes  in  some 
of  the  anterior  ethmoidal  cells.  Where  it  is  smoother  it  forms  a  part  of  the 
lateral  wall  of  the  middle  meatus  of  the  nose  immediately  behind  the  frontal 
process  of  the  superior  maxilla,  and  above  tlie  inferior  turbinated  bone.  The 
superior  border  articulates  with  the  orbital  plate  of  the  frontal ;  the  anterior  edge 
with  the  posterior  border  of  the  frontal  process  of  the  superior  maxilla,  with 
which  it  completes  the  lachrymal  groove  for  the  lodgment  of  the  lachrymal  sac. 
The  inferior  margin  articulates  with  the  orbital  surface  of  tlie  superior  maxilla, 
and  in  front,  hj  its  descending  process  witli  the  inferior  turbinal.  Posteriorly  the 
bone  articulates  with  the  anterior  border  of  the  os  planum  of  the  ethmoid. 

Connexions. — The  laclnymal  hone  articulates  with  four  hones — the  frontal,  ethmoid,  inferior 
turV)inal,  and  tlie  superior  maxilla. 

Architecture. — The  bone  consists  of  a  thin  papery  translucent  lamina,  somewhat  strength- 
ened by  tlie  addition  of  the  vertical  crest. 

Variations. — Tlie  lachrymal  is  occasionally  absent.  In  some  cases  it  is  divided  into  two 
parts  ;  in  otliers  replaced  by  a  number  of  smaller  ossicles.  In  rare  instances  the  hamular  ])rocess 
mav  extend  forwards  to  reach  the  orl)ital  margin,  and  so  bear  a  snare  in  the  formation  of  the  face, 
as  in  lemurs  (Gegenbauer).  In  othei-  instances  the  hamulus  is  much  reduced  in  size.  Occasion- 
allv  the  lachrymal  is  separated  from  tlio  os  planum  of  the  ethmoid  l>y  a  down-growth  from  the 
frontal,  which  articulates  with  the  orbital  jirocess  of  tlie  superior  maxilla,  as  is  the  noiiual 
disi)asition  in  the  Gorilla  and  Clumpanzee.  (Turner,  Challemjer  A'^yor^.s,  "  Zoology,"  vol.  x. 
Part  IV.  Plate  I.  ;  and  A.  Thomson,  Journ.  AiKtf.  and  Physiol.,  London,  vol.  xxiv.  j).  349.) 

Ossification. — The  lachrymal  is  developed  fi-om  a  single  centre,  which  makes  its 
aj)pearance  about  the  end  of  the  second  or  the  beginning  of  the  third  month  of  intra- 
uterine life  in  the  membrane  around  the  cartilaginous  nasal  capsule. 
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The  Inferioe  Turbinated  Bones. 

The  inferior  turbinated  or  spongy  bone  (concha  inferior)  is  a  shell-like  lamina 
of  bone  lying  along  the  lower  part  of  the  outer  wall  of  the  nasal  fossa.  Of 
elongated  form,  the  bone  displays  two  curved  borders  enclosing  an  internal  and 
external  surface. 

The  superior  or  attached  border  is  thin  and  sharp  in  front  and  behind,  where 
it  articulates  with  the  inferior  turbinal  crests  on  the  inner  surface  of  the  body 
of  the  superior  maxilla  and  the  vertical  plate  of  the  palate  bone,  respectively. 
Between  these  two  borders  the  central  part  of  the  upper  edge  rises  in  the  form  of 
a  sharp  crest,  the  fore  part  of  which  forms  the  upstanding  lachrymal  process  (pro- 
cessus lachrymalis),  which  articulates  above  with  the  descending  process  of  the 
lachrymal  bone,  as  well  as  with  the  edges  of  the  nasal  groove  of  the  superior 
maxilla,  thus  completing  the  osseous  canal  of  the  nasal  duct.  The  posterior  end 
of  this  crest  is  elevated  in  the  form  of  an  irregular  projection  called  the  ethmoidal 
process  (processus  ethmoidalis).  This  unites  with  the  uncinate  process  of  the 
ethmoid  bone  (see  Fig.  98).  Spreading  downwards  from  the  middle  of  the 
superior  border,  on  its  outer  side,  is  a  thin  irregular  plate  of  bone,  the  maxillary- 
process  (processus  maxillaris),  which  partially  conceals  the  outer  concave  surface 


Maxillary  process 
A  -  B 


Fig.  106. — Right  Inferior  Turbinated  Bone.    A,  Inner  Surface  ;  B,  Outer  Surface. 

of  the  bone,  and,  by  its  union  with  the  inner  wall  of  the  maxillary  sinus,  assists  in 
the  completion  of  the  partition  which  separates  that  cavity  from  the  inferior  nasal 
meatus.  The  inferior  or  free  border,  gently  curved  from  before  backwards  and 
slightly  out-turned,  is  rounded  and  full,  and  formed  of  bone  which  is  deeply  pitted 
and  of  a  somewhat  cellular  charactof.  The  anterior  and  posterior  extremities  of 
the  bone,  formed  by  the  convergence  of  the  upper  and  lower  borders,  are  thin  and 
sharp ;  as  a  rule  the  hinder  end  is  the  more  pointed  of  the  two.  The  internal 
surface  projects  into  the  nasal  fossa ;  convex  from  above  downwards,  and  slightly 
curved  from  before  backwards,  it  forms  the  floor  of  the  middle  meatus.  It  is 
rough  and  pitted,  and  displays  some  scattered  and  longitudinally  directed  vascular 
grooves.  The  outer  surface  overhangs  the  inferior  nasal  meatus.  Concave  from 
above  downwards,  and  to  some  extent  from  before  backwards,  it  is  directed  towards 
the  outer  wall  of  the  nasal  fossa.  It  is  smooth  in  front,  where  it  corresponds  to 
the  opening  of  the  canal  for  the  nasal  duct ;  behind  and  towards  its  lower  border, 
it  is  irregular  and  pitted.  In  the  disarticulated  bone,  this  surface  is  in  part  con- 
cealed by  the  downward  projecting  maxillary  process. 

Connexions.  —  The  inferior  turbinal  articulates  with  the  superior  maxilla,  lachrymal, 
ethmoid,  and  palate  bones. 

Variation. — A  case  in  which  the  inferior  turbinals  were  absent  has  been  recorded  by 
Hyrtl. 

Ossification. — The  inferior  turbinate  bone,  the  maxillo-turbinal  of  comparative 
anatomy,  is  derived  from  the  cartilage  forming  the  outer  wall  of  the  nasal  capsule,  the 
upper  portion  of  which  forms  the  ethmo-turbinals.  It  ossifies,  however,  from  a  separate 
centre,  which  appears  about  the  fifth  month  of  foetal  life,  and  later  contracts  a  union 
by  a  horizontal  lamella  on  its  outer  side  with  the  superior  maxillary  bone. 
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The  Vomer. 

The  vomer,  a  bone  of  irregular  quadrilateral  shape,  is  placed  mesially  in  the 
hinder  part  of  the  nasal  septum.  It  has  four  borders  and  two  surfaces.  The 
superior  border,  which  can  readily  be  distinguished  by  the  presence  on  either  side 
of  an  everted  lip  or  ala,  slopes  from  beliind  upwards  and  forwards,  and  articulates 
with  the  under  surface  of  the  body  of  the  sphenoid,  tlie  pointed  rostrum  of  which 
it  receives  in  the  groove  formed  by  the  projecting  alpe.  Laterally  these  alse  are 
wedged  in  between  the  sphenoidal  processes  of  the  palate  bone  in  front,  and  the 

vaginal  processes  ^at  the  root  of  the  in- 
ternal pterygoid  plates  behind.  The 
posterior  border,  which  slopes  from  behind 
downwards  and  forwards,  is  free,  and 
forms  a  sharp,  slightly-curved  edge ;  this 
constitutes  the  posterior  margin  of  the 
nasal  septum,  and  serves  to  separate  the 
openings  of  the  posterior  nares.  The 
inferior  border,  more  or  less  horizontal 
in  direction,  articulates  with  the  nasal 
crest  formed  by  the  superior  maxillary 
and  palate  bones.  The  anterior  edge  is  the  longest ;  it  slopes  obliquely  from  above 
downwards  and  forwards.  In  its  upper  half  it  is  ankylosed  to  the  perpendicular 
plate  of  the  ethmoid ;  in  its  lower  half  this  margin  is  grooved  for  the  reception  of 
the  septal  cartilage  of  the  nose.  The  anterior  extremity  of  the  bone  forms  a 
truncated  angle,  which  articulates  with  the  hinder  border  of  the  incisor  crest  of 
the  superior  maxilhe,  and  sends  downwards  a  pointed  process  which  passes  between 
the  incisor  foramina.  The  right  and  left  surfaces  of  the  bone  are  smooth,  and 
covered  by  mucous  membrane.  It  is  not  uncommon  to  find  them  deflected  to  one 
or  other  side.  A  few  vascular  grooves  may  be  noticed  scattered  over  these 
surfaces,  and  one,  usually  more  distinct  than  the  others,  running  obliquely  down- 
wards and  forwards,  indicates  the  course  of  the  nasopalatine  nerve. 

Connexions. — The  vomer  articulates  with  the  sphenoid,  the  ethmoid,  the  palates,  and  the 
superior  maxilhe.    In  front  it  supports  the  septal  cartilage. 

Architecture. — The  bone  is  composed  of  two  compact  layers  fused  below,  but  separated  above 
by  the  groove  for  the  lodgment  of  the  rostrum  of  the  splienoid  behind,  and  the  septal  cartilage  in 
front.  The  lamellae  are  also  sepai'ated  from  each  other  by  a  canal  which  runs  horizontally  from 
behind  forwards  in  the  substance  of  the  bone,  and  which  transmits  the  nutrient  vessel  of 
the  bone. 

Variations. — Owing  to  imperfect  ossification  there  may  be  a  deficiency  in  the  bone,  filled  up 
during  life  by  cartilage.  The  sejjaration  of  the  two  lamellae  along  the  anterior  border  varies 
considerably,  and  instances  are  recorded  where  they  were  separated  by  a  considerable  cavity 
within  the  substance  of  the  bone.  The  splieno-vomerine  canal  is  a  minute  oj^ening  behind 
the  rostrum  of  the  sphenoid,  and  between  it  and  the  alse  of  the  vomer,  by  which  the  nutrient 
artery  enters  the  bone. 

Ossification. — The  vomer,  primitively  double,  begins  to  ossify  about  the  end  of  the 
second  month  of  fa^tal  life.  A  nucleus-  appears  on  either  side  in  the  membrane  overlying 
the  back  and  lower  part  of  the  vomerine  cartilage  ;  these  form  the  primitive  lamellae 
developed  on  either  side  of,  and  not  from,  the  cartilage.  About  the  third  month  these 
laminre  become  fused  behind  and  below,  thus  forming  a  deep  groove  in  which  the  cai-tilage 
is  lodged.  As  growth  goes  on  the  groove  becomes  reduced  by  the  further  fusion  of  the 
lateral  plates,  and  the  absorption  of  the  cartilage,  until  the  age  of  puberty,  by  which 
time  the  lateral  laminse  have  united  to  form  a  mesial  plate,  the  primitively  divided  con- 
dition of  which  is  now  only  represented  by  the  eversion  of  tlie  alse,  and  the  grooving 
along  the  anterior  border. 

The  Palate  Bones. 

The  palate  bone  (os  palatmum),  of  irregular  shape,  assists  in  the  formation  of 
the  outer  wall  of  the  l)ack  part  of  the  nasal  fossae,  the  posterior  portion  of  the  hard 
palate,  the  orbit,  the  spheno-maxillary,  zygomatic,  and  the  pterygoid  fossae.  It 


Palate  Superior  maxilla 

Fig.  107. — Vomer  as  seen  from  the  Right  Side. 
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consists  of  a  horizontal  and  a  vertical  plate,  united  to  each  other  like  the  limbs  of 
the  letter  L.  At  their  point  of  union  there  is  an  irregular  outstanding  process, 
called  the  tuberosity,  whilst  capping  the  summit  of  the  vertical  plate  and  separated 
by  a  deep  cleft  are  two  irregular  pieces  of  bone,  called  the  sphenoidal  and  orbital 
processes. 

The  horizontal  plate  (pars  horizontalis)  has  two  surfaces  and  four  borders. 
As  its  name  implies,  it  is  horizontal  in  position,  and  forms  the  posterior  third  of 
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Fig.  108. — Right  Palate  Bone. 
A,  As  seen  from  the  Outer  Side  ;  B,  As  viewed  from  the  Inner  Side. 
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the  hard  palate.  Its  upper  surface,  which  is  smooth,  is  slightly  conceive  from  side 
to  side,  and  forms  the  floor  of  the  hinder  part  of  the  nasal  fossse.  Its  inferior 
surface,  rougher,  is  directed  towards  the  mouth,  and  near  its  posterior  edge  often 
displays  a  transverse  ridge  for  the  attachment  of  a  part  of  the  aponeurosis  of  the 
tensor  palati  muscle.  The  anterior  border  articulates  by  means  of  an  irregular 
suture  with  the  hinder  edge  of  the  palatal  process  of  the  superior  maxilla.  The 
posterior  margin  is  free  and  concave  from  side  to  side ;  by  its  sharp  edge  it  furnishes 
attachment  to  the  aponeurosis  of  the  soft  palate.  The  internal  border  is  upturned, 
and  when  it  articulates  with  its  fellow  of 
the  opposite  side  it  forms  superiorly  a 
central  crest  continuous  in  front  with  the 
nasal  crest  of  the  superior  maxilla ;  it 
supports  the  hinder  part  of  the  lower 
border  of  the  vomer,  and  projecting  be- 
yond the  line  of  the  posterior  border  forms 
the  posterior  nasal  or  palatine  spine 
(spina  nasalis  posterior).  The  external 
border  fuses  with  the  vertical  plate,  form- 
ing with  it  a  right  angle.  The  hinder 
extremity  of  this  edge  is  grooved  by  the 
lower  end  of  the  posterior  palatine  canal. 

The  vertical  plate  (pars  perpen- 
dicularis)  is  very  much  broader  below 
than  above.  Composed  of  thin  bone,  it  is 
liable  to  be  broken  in  the  process  of  dis- 
articulation, particularly  at  its  upper 
part,  so  that  it  is  somewhat  uncommon  to 
meet  with  a  perfect  specimen.  It  may  be 
described  as  possessing  two  surfaces  and 
four  borders.  Its  inner  surface,  which  is  directed  towards  the  cavity  of  the  nose, 
is  crossed  horizontally  about  its  middle  by  the  inferior  turbinated  crest  (crista 
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Fig.  109. — Right  Palate  Bone. 
As  seen  from  Behind. 
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turbinalis),  with  wliich  the  hinder  end  of  the  superior  border  of  the  inferior 
turbinated  bone  articulates ;  above  and  below  this  it  enters  into  the  formation  of 
the  outer  wall  of  the  middle  and  inferior  meatuses  of  the  nose  respectively.  Near 
the  upper  extremity  of  the  vertical  plate,  and  below  the  processes  which  spring 
from  it,  there  is  another  ridge  more  or  less  parallel  to  that  already  described. 
This  is  the  superior  turbinated  or  ethmoidal  crest  (crista  ethmoidalis),  and  with  this 
the  hinder  extremity  of  the  middle  turbinated  bone  is  united.  The  external  surface, 
which  forms  the  inner  wall  of  the  spheno-maxillary  fossa,  is  channelled  by  a 
vertical  groove  (sulcus  pterygo-palatinus),  converted  into  a  canal  by  articulation 
with  the  superior  maxillary  bone.  This  canal,  called  the  posterior  palatine  canal, 
transmits  the  large  palatine  nerve  and  descending  palatine  vessels.  Anteriorly 
the  external  surface  projects  forwards  to  a  variable  extent,  and  helps  to  close  in 
the  antrum  of  the  maxilla  by  its  maxillary  process.  The  anterior  border  is  a  thin 
edge  of  irregular  outline  which  articulates  above  with  the  ethmoid  and  below  with 
the  superior  maxilla.  The  posterior  border,  thin  above,  where  it  articulates  with 
the  fore  part  of  the  internal  pterygoid  plate,  expands  below  into  a  pyramidal 
process  called  the  tuberosity.  The  inferior  border  of  the  vertical  plate  is  confluent 
with  the  outer  edge  of  the  horizontal  plate ;  posteriorly,  and  immediately  in  front 
of  the  tuberosity,  it  is  notched  by  the  lower  extremity  of  the  posterior  palatine 
canal.  The  superior  border  supports  the  orbital  and  sphenoidal  processes ;  the 
former — the  anterior — is  separated  from  the  latter  by  a  notch  (incisura  spheno- 
palatina),  which  is  converted  into  the  spheno-palatine  foramen  by  the  articulation  of  » 
the  palate  bone  with  the  under  surface  of  the  sphenoid.  Through  this  communica- 
tion between  the  spheno-maxillary  and  nasal  fossae  pass  the  spheno-palatine  artery 
and  the  nasal  branches  of  the  spheno-palatine  ganglion. 

The  tuberosity  (processus  pyramidalis)  is  directed  backwards  and  outwards 
from  the  angle  formed  by  the  vertical  and  horizontal  plates,  and  presents  on  its 
posterior  surface  a  central  smooth  vertical  groove,  bounded  on  either  side  by  rough 
articular  furrows  which  unite  above  in  a  V-shaped  manner  with  the  upper  thin 
posterior  edge.  These  articulate  with  the  fore  parts  of  the  lower  portions  of  the 
internal  and  external  pterygoid  plates,  the  central  groove  which  fits  into  the  wedge- 
like interval  between  the  two  pterygoid  plates  thus  entering  into  the  formation  of 
the  pterygoid  fossa.  The  outer  surface  of  the  tuberosity  is  rough  above,  where  it 
is  confluent  with  the  outer  surface  of  the  vertical  plate  which  articulates  with  the 
tuberosity  of  the  superior  maxilla ;  below,  there  is  a  small  smooth  triangular  area 
which  appears  between  the  tuberosity  of  the  superior  maxilla  and  the  outer  sui'face 
of  the  external  pterygoid  plate,  and  so  enters  into  the  floor  of  the  zygomatic  fossa. 
Passing  through  the  tuberosity  in  a  vertical  direction  are  the  posterior  and  external 
accessory  palatine  canals  (foramina  palatina  minora)  for  the  transmission  of  the 
smaller  palatine  nerves  and  vessels. 

The  "brbital  process  (processus  orbitalis),  shaped  like  a  hollow  cube,  surmounts 
the  fore  part  of  the  vertical  plate.  The  open  mouth  of  the  cube  is  directed  back- 
wards and  inwards  towards  the  fore  part  of  the  body  of  the  sphenoid,  with  the 
cavity  of  which  it  usually  commimicates ;  the  fore  part  of  the  cube  articulates  with 
the  inner  end  of  the  angle  formed  by  the  orbital  plate  and  zygomatic  surf^ice  of 
the  superior  maxilla.  Of  the  remaining  four  surfaces,  one  directed  forwards  and 
inwards  articulates  with  the  ethmoid.  The  others  are  non-articular :  the  superior 
enters  into  the  formation  of  the  floor  of  the  orbit ;  the  external  is  directed  towards 
the  spheno-maxillary  fossa  ;  whilst  the  inferior,  which  is  confluent  with  the  inner 
surface  of  the  vertical  plate,  is  of  variable  extent,  and  overhangs  the  superior 
meatus  of  the  nose. 

The  sphenoidal  process  (processus  sphenoidalis),  much  smaller  than  the  orbital, 
curves  upwards,  inwards,  and  backwards  from  the  hinder  part  of  the  summit  of  the 
vertical  plate.  Its  superior  surface,  which  is  grooved,  articulates  with  the  fore  part 
of  the  under  surface  of  the  body  of  the  sphenoid  and  the  root  of  the  internal 
pterygoid  plate,  thereby  converting  the  groove  into  the  pterygo-palatine  canal,  which 
transmits  an  artery  of  the  same  name  together  with  a  pharyngeal  branch  from  the 
spheno-palatine  ganglion.  Its  outer  side  enters  into  the  formation  of  part  of  the 
inner  wall  of  the  spheno-maxillary  fossa.    Its  internal  curved  aspect  is  directed 
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towards  the  nasal  fossa,  whilst  its  inner  edge  is  in  contact  with  the  ala  of  the 
vomer. 

Connexions. — The  palate  bone  articulates  witli  its  fellow  of  the  ojjposite  side,  with  the 
ethmoid,  vomer,  sphenoid,  superior  maxilla,  and  inferior  turbinated  bones. 

Ossification. — The  palate  bones  are  developed  from  the  ossification  of  the  membrane 
covering  the  sides  of  the  oral  cavity.  According  to  Rambaud  and  Renault,  two  primitive 
centres  appear  about  the  sixth  week  of  foetal  life.  From  one  of  these  the  tuberosity  and 
the  part  of  the  vertical  plate  behind  the  posterior  palatine  groove  is  developed  ;  from  the 
other  the  remainder  of  the  bone  is  formed,  with  the  exception  of  the  orbital  and  sphenoidal 
processes  which  are  derived  from  secondaiy  centres  that  make  their  appearance  some- 
what later.  Other  authorities  describe  the  bone  as  ossifying  from  a  single  centre  which 
appears  about  the  end  of  the  second  month  in  the  angle  between  the  vertical  and  hori- 
zontal plates. 

At  birth  the  bone-  is  much  longer  in  its  antero-posterior  diameter  than  in  its  vertical 
height,  the  converse  bf  its  typical  adult  form. 


The  Inferior  Maxillary  Bone. 

The  inferior  maxilla  (mandibula)  or  mandible,  of  horse-shoe  shape,  with  the 
extremities  upturned,  is  the  only  movable  bone  of  the  face.  Stout  and  strong,  it 
supports  the  teeth  of  the  lower  dental  arch,  and  articulates  with  the  base  of  the 
cranium,  by  the  joints  on  either  side  between  <, 
its  condyles  and  the  glenoid  fossae  of  the 
temporal  bones.  The  anterior  or  horizontal 
part,  which  contains  the  teeth,  is  called  the 
body  (corpus) ;  the  posterior  or  vertical  por- 
tions constitute  the  rami  (rami  mandibulte). 

The  body  (corpus  mandibula")  displays 
in  the  middle  line  in  front  a  faint  \'ertical 
ridge,  the  symphysis,  which  indicates  tlie  line 
of  fusion  of  the  two  symmetrical  hah'es,  from 
which  the  bone  is  prnnarily  developed.  In- 
feriorly  this  ridge 
divides  so  as  to 
enclose,  in  well- 
marked  speci- 
mens, a  triangular 
area — the  mental 
protuberance  (pro- 
tuberantia  nien- 
talis),  the  centre 
of  which  is  some- 
what depressed, 
thus  emphasising 
the  inferior 
angles,  whicli  are 
known   as  the 

mental    tubercles  no.— The  Lower  Jaw  as  seen  fkom  the  Left  Side. 

12.  Masseter. 

13.  Angle. 

14.  External  oblique  line. 

15.  Platysma. 

16.  Meutal  foramen. 

17.  Depressor  anguli  oris. 


(tuberamentalia).  ^-  Mental  tubercle. 

The  nvfpr  'ivrfnrP  l'  P^^P'^^ssor  labii  inferioris. 

xne  outer  SUrjace  ^   Mental  prominence, 

is    crossed    by    a  4.  Levator  mentis. 

faint   elevated  5-  Symphysis. 

ridge,  the  external       ^uecinator  muscle. 


7.  Coronoid  process. 

8.  Temporal  muscle. 

9.  Condyles. 

10.  External  pterygoid 

muscle. 

11.  Neck. 


pbhque  line  (Imea  obliqua),  which  runs  upwards  and  backwards  from  the  mental 
tubercle  to  the  fore  part  of  the  anterior  border  of  the  ramus,  with  which  it  is 
contiuent.  A  little  above  this,  midway  between  the  upper  and  lower  borders 
of  the  jaw,  and  m  line  with  the  root  of  the  second  bicuspid  tooth,  the  bone 
IS  pierced  by  the  mental  foramen  (foramen  mentale),  which  is  the  anterior  opening 
of  the  inferior  dental  canal,  which  traverses  the  body  of  the  bone.    Through  this 


140 


OSTEOLOG-Y. 


aperture  the  mental  vessels  and  nerves  reach  the  surface.  The  upper  harder 
supports  the  sixteen  teeth  of  the  lower  jaw.  It  is  thick  behind  and  thinner  in 
front,  in  correspondence  with  the  size  of  the  roots  of  the  teeth.  Anteriorly  the 
sockets  of  the  incisor  and  canine  teeth  produce  a  series  of  vertical  elevations  (juga 
alveolaria),  of  which  that  corresponding  to  the  canine  tooth  is  the  most  prominent. 
When  this  is  outstanding  it  gives  rise  to  a  hollowing  of  the  surface  between  it  and 
the  symphysis,  often  referred  to  as  the  incisor  fossa ;  frequently,  however,  this 
is  only  faintly  marked.  Below  the  external  oblique  line  the  bone  is  full  and 
rounded,  and  ends  below  in  the  inferior  border  or  base.  This  slopes  outwards  at  the 
sides,  and  forwards  in  front,  where  it  is  thick  and  hollowed  out  on  either  side  of 
the  symphysis  to  form  the  digastric  fossae  (fossae 
digastricae),  to  which  the  anterior  bellies  of  the 
digastric  muscles  are  attached ;  narrowing  some- 
what behind  this,  the  inferior  l:)order  again  ex- 
pands opposite  the  molar  teeth,  and  finally 
becoming  reduced  in  width,  terminates  posteriorly 
at  the  angle  formed  between  it  and  the  posterior 
border  of  the  ramus.  The  deep  or  inner  surface 
of  the  body  is  crossed  by  the  internal. obliciue  line 
or  mylo-hyoid  ridge  (linea  mylo-hyoidea).  This 
slants  from  above  downwards  and  forwards  towards 
the  lower  part  of  the  symphysis.  It  serves  for 
the  origin  of  the 
mylo-hyoid  mus- 
cle, and  also  fur- 
nishes an  attach- 
ment to  the 
superior  constric- 
tor of  the  pharynx 
just  behind  the 
last  molar  tooth. 
Below  the  hinder 
part  of  this  ridge 
the  surface  is 
hollowed  to  form 
a  fossa  for  the 
lodgment  of  the 
s  u  bm  a  X  i  1 1  ary 
gland.  Above  the 
fore  part  of  the 
internal  oblique 
line,  the  bone  is 
smooth  and 
usually  convex. 

Here  the  sublingual  gland  lies  in  relation  to  it.  In  the  angle  formed  by  the 
convergence  of  the  two  internal  oblique  lines,  and  in  correspondence  with  the  back 
of  the  lower  part  of  the  symphysis,  there  is  a  raised  tubercle  surmounted  by  two 
laterally  placed  spines,  the  mental  or  genial  spines  (spinae  mentales).  Occasionally 
these  are  again  subdivided  into  an  upper  and  lower  pair,  or  it  may  be  that  the 
lower  pair  may  fuse  to  form  a  rough  median  ridge.  To  the  upper  pair  of  spines 
the  genio-hyoglossi  muscles  are  attached,  whilst  the  lower  pair  serve  for  the  origin 
of  the  genio-hyoid  muscles.  Immediately  above  the  tubercle  there  is  a  median 
foramen  for  the  transmission  of  a  nutrient  vessel,  and  close  to  the  alveolar  border 
opposite  the  intervals  between  the  central  and  lateral  incisors,  there  are  two  little 
vascular  canals. 

The  ramus  (ramus  mandibulae)  passes  upwards  from  the  back  part  of  the  bone, 
forming  by  the  junction  of  its  posterior  border  with  the  base  of  the  body  the  angle 
(angulus  mandibulae),  which  is  usually  rounded  and  more  or  less  everted.  The 
outer  surface  of  the  ramus  affords  attachment  to  the  masseter  muscle,  and  when 
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Fig.  111. — The  Inner  Side  op  the  Right  Half  of  the  Lower  Jaw. 

15.  Angle. 

16.  Fossa  for  submaxillary 
gland. 

17.  Superior  constrictor. 

18.  Internal  oblique  line. 

19.  Mylo-hyoid  muscle. 

13.  Mylo-hyoid  groove.  20.  Digastric  muscle. 

14.  Internal  pterygoid 
muscle. 


1.  Genio-hyoid  muscle 

2.  Mental  spines. 

3.  Genio-hyoglossus 

muscle. 


8.  Coronoid  process. 

9.  Sigmoid  notch. 
10.  External  pterygoid 

muscle. 


4.  Surface  in  relation  to   11.  Condyles. 

the  sublingual  gland.    12.  Inferior  dental  foramen. 


5.  Alveolar  border, 

6.  Lingttla. 

7.  Temporal  muscle, 


21.  Digastric  fossa. 
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that  muscle  is  powerfully  developed  the  bone  is  usually  marked  by  a  series  of 
oblique  curved  ridges,  best  seen  towards  the  angle.  About  the  middle  of  the  deep 
or  innei'  surface  is  the  large  opening  (foramen  mandibulare)  of  the  inferior  dental 
canal,  which  runs  downwards  and  forwards  to  reach  the  body,  and  transmits  the 
inferior  dental  vessels  and  nerves.  This  aperture  is  overhung  in  front  by  a  pointed 
scale  of  bone,  the  lingula,  to  the  edges  of  which  the  internal  lateral  ligament  of  the 
temporo-maxillary  articulation  is  attached.  Behind  the  lingula  and  leading  down- 
wards and  forwards  for  an  inch  or  so  from  the  opening  of  the  inferior  dental  canal 
is  the  mylo-hyoid  groove  (sulcus  mylo-hyoideus),  along  which  the  mylo-hyoid  artery 
and  nerve  pass.  Behind  and  below  this  groove  the  inner  surface  of  the  angle  is 
rough  for  the  attachment  of  the  internal  pterygoid  muscle.  Superiorly  the  ramus 
supports  the  coronoid  process  in  front,  and  the  condyle  behind,  the  two  being 
separated  by  the  wide  sigmoid  notch  (incisura  mandibular),  over  which  there  pass 
in  the  recent  condition  the  vessels  and  nerve  to  the  masseter  muscle.  The  coronoid 
process,  of  variable  length  and  beak-shaped,  is  limited  behind  by  a  thin  curved 
margin,  which  forms  the  anterior  boundary  of  the  sigmoid  notch.  In  front  its 
anterior  edge  is  convex  from  above  downwards  and  forwards,  and  becomes  con- 
fluent below  with  the  anterior  border  of  the  ramus  and  the  external  oblique  line. 
-To  the  inner  side  of  this  ridge  there  is  a  grooved  elongated  triangular  surface, 
the  inner  margin  of  which,  commencing  above  near  the  summit  of  the  coronoid 
process,  leads  downwards  along  the  inner  side  of  the  root  of  the  last  molar  tooth 
towards  the  internal  oblique  line.  Behind  this  ridge  the  thickness  of  the  ramus 
is  much  reduced.  The  temporal  muscle  is  inserted  into  the  margins  and  inner 
surface  of  the  coronoid  process.  The  posterior  border  of  the  ramus  is  continued 
upwards  to  support  the  condyle  (capitulum  mandibulai),  below  which  it  is  some- 
what constricted  to  form  the  neck  (collum  mandibular),  which  is  compressed  from 
before  backwards,  and  bounds  the  sigmoid  hollow  posteriorly.  To  the  inner  side 
of  the  neck,  immediately  below  the  condyle,  there  is  a  little  depression  (fovea 
pterygoidea)  for  the  insertion  of  the  external  pterygoid  muscle.  The  convex 
surface  of  the  condyle  is  transversely  elongated,  and  so  disposed  that  its  long 
axis  is  inclined  nearly  horizontally  from  within  outwards  and  a  little  forwards. 
The  convexity  of  the  condyle  is  more  marked  in  its  antero-posterior  than  in  its 
transverse  diameter. 

Architecture. — The  mandible  is  remarkable  for  the  density  and  thickness  of  its  inner  and 
outer  walls.  Where  these  coalesce  below  at  the  base  of  the  body,  the  bone  is  particularly  stout. 
Superiorly,  where  they  form  the  walls  of  the  alveoli,  they  gradually  thin,  being  thicker,  however, 
on  the  inner  than  the  outer  side,  except  in  the  region  of  the  last  molar  tooth  where  the  inner 
wall  is  the  thinner.  The  cancellous  substance  is  Of)en-ineshed  below,  finer  and  more  condensed 
where  it  surrounds  the  alveoli.  The  inferior  dental  canal  is  large  and  has  no  very  definite  wall ; 
it  is  prolonged  beyond  the  mental  foramen  to  reach  the  incisor  teeth.  From  it  numerous 
channels  pass  upwards  to  the  sockets  of  the  teeth,  and  it  communicates  freely  with  the 
surrounding  cancellous  tissue.  Above  the  canal  the  substance  of  the  bone  is  broken  up  by  the 
alveoli  for  the  reception  of  the  roots  of  the  teeth.  In  the  substance  of  the  condyle  the  cancellous 
tissue  is  more  compact,  with  a  general  striation  vertical  to  the  articular  surface. 

Variations. — Considerable  differences  are  met  with  in  the  height  of  the  coronoid  process : 
usually  its  summit  reaches  the  same  level  as  the  condyle,  or  slightly  above  it ;  occasionally,  how- 
ever, it  rises  to  a  much  higher  level ;  in  other  cases  it  is  much  reduced.  These  differences 
naturally  react  on  the  form  of  the  sigmoid  notch.  The  projection  of  the  mental  protuberance 
is  also  liable  to  vary.  Occasionally  the  mental  foramen  is  double,  and  sometimes  the  mylo-hyoid 
groove  is  for  a  short  distance  converted  into  a  canal. 

Ossification. — The  development  of  the  lower  jaw  is  intimately  associated  with 
Meckel's  cartilage,  the  cartilaginous  bar  of  the  first  visceral  or  mandibular  arch.  Meckel's 
cartilages,  of  which  there  are  two,  are  connected  proximally  with  the  periotic  capsule  and 
cranial  base.  Their  distal  ends  are  united  in  the  region  of  the  symphysis.  It  is  in  the 
connective  tissue  overlying  the  outer  surface  of  this  cartilaginous  arch  that  the  bulk  of 
the  lower  jaw  is  developed.  The  cartilage  itself  is  not  converted  into  bone,  but  undergoes 
resorption,  except  its  anterior  extremity,  which  is  stated  to  undergo  ossification  to 
form  the  part  of  tUe  jaw  lying  between  the  mental  foramen  and  the  symphysis.  In  a 
third  or  fourth  moiith  foetus  the  cartilage  can  be  traced  from  the  under  surface  of  the 
fore  part  of  the  tympanic  ring  downwards  and  forwards  to  reach  the  jaw,  to  which  it  is 
attached  at  the  opening  of  the  inferior  dental  canal ;  from  this  it  may  be  traced  forwards 
as  a  narrow  strip  applied  to  the  inner  surface  of  the  mandible,  which  it  sensibly  grooves. 
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The  proximal  end  of  this  furrow  remains  permanently  as  the  mylo-hyoid  groove.  The 
part  of  the  cartilage  between  the  tympanic  ring  and  the  jaw  becomes  converted  into 
fibrous  tissue,  and  persists  in  the  adult  as  the  so-called  internal  lateral  ligament  of  the 
temporo-maxillarj^  articulation,  its  proximal  end  through  the  Glaserian  fissure  being  con- 
tinuous with  the  slender  process  of  the  malleus.  The  part  which  is  applied  to  the  inner 
surface  of  the  lower  jaw  disappears.  In  the  tissue  overlying  the  cartilage  ossification 
begins  by  several  centres  as  early  as  the  sixth  or  seventh  week  of  foetal  life,  in  this 
respect  resembling  the  clavicle,  by  which  it  is  alone  preceded.  The  dentary  or  basal 
centre  forms  the  outer  wall  and  lower  border.  With  this  is  united  the  splenial  portion, 
which  appears  somewhat  later,  forming  the  inner  table  from  near  the  symphysis  back- 
wards towards  the  opening  of  the  inferior  dental  canal  where  it  terminates  in  the  lingula. 
By  the  union  of  these  two  parts  a  groove  is  formed,  which  ultimately  becomes  covered  in, 
and  in  which  the  inferior  dental  nerve  and  vessels  are  lodged.  As  has  been  already  stated, 
the  part  of  the  body  between  the  symphysis  and  the  mental  foramen  is  regarded  as 
directly  developed  from  the  fore  part  of  the  Meckelian  cartilage.  As  will  have  been 
gathered  from  tlie  above  description,  the  upper  part  of  the  ramus  and  its  processes  have 
no  connexion  with  Meckel's  cartilage.  The  condyle  and  the  coronoid  process  are  each 
developed  from  a  separate  centre,  preceded  by  a  cartilaginous  matrix.  These  several 
centres  are  all  united  about  the  fourth  month. 

At  birth  the  lower  jaw  consists  of  two  lateral  halves  united  at  the  symphysis  by 
fibrous  tissue ;  towards  the  end  of  the  first  or  during  the  second  year  osseous  union 

between  the  two 
halves  is  complete. 
In  infancy  the  jaw 
is  shallow  and  the 
rami  proportionately 
small;  further,  owing 
to  the  obliquity  of 
the  ramus  the  angle 
is  large,  averaging 
about  150°.  The 
mental  foramen  lies 
near  the  lower  border 
of  the  bone.  Coinci- 
dent with  the  erup- 
tion of  the  teeth  and 
the  use  of  the  jaw  in 
mastication,  the  rami 
rapidly  inci'ease  in 
size,  and  the  angle 
becomes  more  acute. 
After  the  completion 
of  the  permanent 
dentition  it  ap- 
proaches more  nearly 
a  right  angle  varying 
from  110°  to  120°. 

The  body  of  the  bone  is  stout  and  deep,  and  the  mental  foramen  usually  lies  midway 
between  the  upper  and  lower  borders.  As  age  advances  owing  to  the  loss  of  the  teeth 
and  the  consequent  shrinkage  and  absorption  of  the  alveolar  border  of  the  bone,  the  body 
becomes  narrow  and  attenuated,  and  the  mental  foramen  now  lies  close  to  the  xipper 
border.  At  the  same  time  the  angle  opens  out  again  (130°  to  140°),  in  this  respect 
resembling  the  infantile  condition. 


Fig.  112. — Lower  Jaw  at  Bieth.    A,  As  seen  from  above  ; 
B,  Outer  side  ;  C,  Inner  side. 

Mental  foramen  ;  b.  Inferior  dental  canal ;  c,  Lingula ;  d,  Sockets  for  the  dental  sacs. 


The  Hyoid  Bone. 

The  hyoid  bone  (os  hyoideum),  or  os  linguae,  though  placed  in  the  neck,  is 
developmentally  connected  vfith  the  skull.  It  lies  between  the  mandible  above 
and  the  larynx  below,  and  is  connected  with  the  root  of  the  tongue.  Of  U-shaped 
form,  as  its  name  implies  (Greek  v  and  etSos,  like),  it  consists  in  the  adult  of  a 
central  part,  or  body,  with  which  on  either  side  are  united  two  long  processes  which 
extend  iiackwards — the  great  cornua.  At  the  point  where  these  are  ossified  with  the 
body,  the  lesser  cornua,  which  project  upwards  and  backwards,  are  placed. 
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The  body  (basis)  is  arched  from  side  to  side  and  compressed  from  before  back- 
wards, so  that  its  surfaces  slope  downwards  and  forwards.    Its  anterior-  surface 
displays  a  slight  median  ridge,  on  either  side  of 
which  the  bone  is  marked  by  the  attachment 
of  muscles.    Its  posterior  surface,  deeply  hollowed, 
is  concave  from  side  to  side  and  from  above  down- 
wards.   Herein  lie  a  quantity  of  fat  and  a  bursa 
which  separates  this  aspect  from  the  thyro-hyoid 
membrane.    The  upper  border  is  broad;   it  is 
separated  from  the  anterior  surface  by  a  transverse 
ridge,  behind  which  are  the  impressions  for  the 
attachment   of  the   genio  -  hyoid   muscles.  Its 
hinder  edge  is  thin  and  sharp;  to  this,  above,  are         h^.-Tby.  Hvoid  Bone  as  seen 
attached  the  genio-glossi,  whilst  behind  and  below  from  the  Front. 

the  thyro-hyoid  membrane  is  connected  with  it. 

The  inferior  border  is  well  defined  and  narrow ;  it  serves  for  the  attachment  of  the 
omo-hyoid,  sterno-hyoid,  and  thyro-hyoid  muscles. 

The  great  cornua  are  connected  on  either  side  with  the  lateral  parts  of  the 
body.  At  first,  imion  is  effected  by  synchondroses,  which,  however,  ultimately 
ossify.  These  cornua  curve  backwards  as  well  as  upwards,  and  terminate  in  more  or 
less  rounded  and  expanded  extremities.  Compressed  laterally,  they  serve  for  the 
attachments  externally  of  the  thyro-hyoid  and  hyoglossi  muscles,  and  the  middle 
constrictor  of  the  pharynx  from  below  upwards,  whilst  internally  they  are  con- 
nected with  the  lateral  expansions  of  the  thyro-hyoid  membrane,  the  free  edges  of 
which  are  somewhat  thickened,  and  connect  the  extremities  of  the  great  cornua 
with  the  ends  of  the  superior  cornua  of  the  thyroid  cartilage  below. 

The  lesser  cornua,  frequently  cartilaginous  in  part,  are  about  the  size  of  grains 
of  wheat.  They  rest  upon  the  upper  surface  of  the  bone  at  the  junctions  of  the 
great  cornua  with  the  body.  In  youth  they  are  separated  from,  but  in  advanced 
life  become  ossified  with,  the  rest  of  the  bone,  from  which  they  are  directed  upwards, 
backwards,  and  a  little  outwards.  Their  summits  are  connected  with  the  stylo- 
hyoid ligaments ;  they  also  serve  for  the  attachment  of  muscles. 

Connexions. — The  liyoid  is  shmg  from  the  styloid  processes  of  the  temporal  bones  by  the 
stylo-hyoid  ligaments.  Inferiorly  it  is  connected  witli  the  thyroid  cartilage  of  the  larynx  by 
the  thyro-hyoid  ligaments  and  membrane.  Posteriorly  it  is  intimately  associated  with  the 
epiglottis. 

Ossification. — -In  considering  the  development  of  the  hyoid  bone  it  is  necessary  to 
refer  to  the  arrangement  and  disposition  of  the  cartilaginous  bars  of  the  second  and  third 
visceral  arches.  That  of  the  second  visceral  arch,  the  hyoid  bar — or  Reichert's  cartilage, 
as  it  is  sometimes  called — -is  united  above  to  the  petrous  temporal,  whilst  ventrally  it  is 
joined  to  its  fellow  of  the  opposite  side  by  an  independent  mesial  cartilage.  Chondrifica- 
tion  of  the  third  visceral  arch  only  occurs  towards  its  ventral  extremity,  forming  what  is 
known  as  the  thyro-hyoid  bar.  This  also  unites  with  the  mesial  cartilage  above  mentioned. 
In  these  cartilaginous  processes  ossific  centres  appear  in  certain  definite  situations. 
Towards  the  end  of  foetal  life  a  single  centre  (by  some  authorities  regarded  as  primarily 
double)  appears  in  the  mesial  cartilage,  and  forms  the  body  of  the  bone  (basihyal). 
About  the  same  time  ossification  begins  in  the  lower  ends  of  the  thyro-hyoid  bars,  and 
from  these  the  great  cornua  are  developed  (thyro-hyals).  During  the  first  year  the  lower 
ends  of  the  hyoid  bars  begin  to  ossify  and  form  the  lesser  cornua  (cerato-hyals).  The 
cephalic  ends  of  the  same  cartilages  meanwhile  ossify  to  form  the  styloid  processes  (stylo- 
hyals),  (see  p.  117),  whilst  the  intervening  portions  of  cartilage  undergo  resorption  and 
become  converted  into  the  fibrous  tissue  of  the  stylo-hyoid  ligaments,  which  in  the  adult 
connect  the  lesser  cornua  with  the  styloid  processes  of  the  temporal  bone.  The  great 
cornua  fuse  with  the  body  in  middle  life ;  the  lesser  cornua  only  at  a  more  advanced 
period.  Variations  in  the  course  of  development  lead  to  interesting  anomalies  of  the 
hyoid  apparatus.  The  lesser  cornua  may  be  unduly  long  or  the  stylo-hyoid  ligament  may 
be  bony ;  in  this  case  the  cartilage  has  not  undergone  resorption,  but  has  passed  on  to  the 
further  stage  of  ossification,  thus  forming  an  epihyal  element  comparable  to  that  in  the 
dog.  The  ossified  stylo-hyoid  ligament,  as  felt  through  the  pharyngeal  wall,  may  be 
mistaken  for  a  foreign  body.    (Farmer,  G.  W.  S.,  Brit.  Med.  Journ.  1900,  vol.  i.  p.  1405.) 


144 


OSTEOLOGY. 


THE  SKULL  AS  A  WHOLE. 

The  skull  as  a  whole  may  be  studied  as  seen  from  the  front  (norma  frontalis), 
from  the  side  (norma  lateralis),  from  the  back  (norma  occipitalis),  from  above 
(norma  verticalis),  and  from  below  (norma  basalis). 

NoKMA  Frontalis. 

In  front,  the  smooth  convexity  of  the  frontal  bone  limits  this  region  above, 
whilst  inferiorly,  when  the  lower  jaw  is  disarticulated,  the  teeth  of  the  upper  jaw 
form  its  lower  boundary.  The  large  openings  of  the  orbits  are  seen  on  either  side ; 
whilst  placed  mesially  and  at  a  somewhat  lower  level,  is  the  anterior  nasal  aperture 
(apertura  pyriforme),  leading  into  the  nasal  fossae. 

The  frontal  region,  convex  from  above  downwards  and  from  side  to  side,  is 
limited  externally  by  two  ridges,  which  are  the  anterior  extremities  of  the  temporal 
lines.  Superiorly  the  fulness  of  the  bone  blends  with  the  convexity  of  the  vertex. 
Inferiorly  the  frontal  bone  forms  on  either  side  the  arched  superior  border  of  the 
orbit  (margo  supraorbitalis).  The  space  between  these  borders,  corresponds  to  the 
root  of  the  nose,  and  here  are  seen  the  sutures  which  unite  the  frontal  with  the 
nasal  bones  in  the  middle  line,  and  with  the  nasal  process  of  the  superior  maxilla 
on  either  side,  called  the  naso-frontal  and  fronto-maxillary  sutures  respectively.  The 
orbital  arch  is  thin  and  sharp  externally,  but  becomes  thick  and  more  rounded 
towards  its  inner  side,  where  it  forms  the  internal  angular  process  and  unites  with 
the  frontal  process  of  the  superior  maxilla  and  the  lachrymal  bone  on  the  inner 
wall  of  the  orbit.  This  arched  border  is  interrupted  towards  its  inner  side  by 
a  notch  (incisura  supraorbitalis),  sometimes  converted  into  a  foramen  for  the 
transmission  of  the  supraorbital  nerve  and  artery.  In  the  middle  line,  just  above 
the  naso-frontal  suture,  there  is  often  the  remains  of  a  median  suture  (sutura 
frontalis),  which  mai'ks  the  fusion  of  the  two  halves  from  which  the  bone  is 
primarily  ossified.  Here  also  a  prominence,  of  variable  extent — the  glabella — is  met 
with  ;  from  this  there  passes  out  on  either  side  above  and  over  the  orbital  margin 
a  projection  called  the  superciliary  ridge  (arcus  superciliaris). 

The  orbital  fossae,  of  more  or  less  conical  form,  display  a  tendency  to  assume 
the  shape  of  four-sided  pyramids  by  the  flattening  of  the  superior,  inferior,  and 
lateral  walls.  The  base,  which  is  directed  forwards  and  a  little  outwards, 
corresponds  to  the  orbital  aperture.  The  shape  of  this  is  liable  to  individual  and 
racial  variations,  being  nearly  circular  in  the  Mongoloid  type,  whilst  it  displays  a 
more  or  less  quadrangular  form  in  Australoid  skulls.  The  upper  margin,  as  has 
been  already  stated,  is  formed  by  the  frontal  bone  between  the  internal  and  external 
angular  processes.  The  outer,  and  about  half  the  lower,  margin  are  formed  by  the 
sharp  curved  edge  between  the  facial  and  orbital  surfaces  of  the  malar  bone.  The 
internal  border  and  the  remainder  of  the  lower  margin  are  determined  by  the 
outer  surface  of  the  frontal  process  of  the  superior  maxilla,  and  the  sharp  edge 
separating  the  facial  from  the  orbital  surface  of  the  same  bone.  Three  sutures 
interrupt  the  continuity  of  the  orbital  margin — the  fronto-malar  (sutura  zygomatico- 
frontalis)  externally,  the  fronto-maxillary  (sutura  fronto-maxillaris)  internally,  both 
lying  about  the  same  level,  and  the  malo-maxillary  (sutura  zygomatico-maxillaris) 
inferiorly.  The  apex  of  the  space  is  directed  backwards  and  inwards,  so  that  the 
inner  walls  of  the  two  orbits  lie  nearly  parallel  to  each  other,  whilst  the  outer 
walls  are  so  disposed  as  to  form  nearly  a  right  angle  with  each  other.  The  depth  of 
the  orbit  measures,  on  an  average,  about  two  inches  (5  cm.).  At  the  apex  there  are 
two  openings  ;  the  larger,  known  as  the  sphenoidal  fissure  (fissura  orbitalis  superior), 
passes  from  the  apex  of  the  space  outwards  and  a  little  upwards  for  the  distance 
of  three-quarters  of  an  inch  or  so,  between  the  roof  and  outer  wall  of  the  orbit.  The 
inner  third  of  this  fissure  is  broad  and  of  circular  form.  Externally  it  is  consider- 
ably reduced  in  width.  Through  this  the  third,  fourth,  ophthalmic  division  of  the 
fifth,  and  the  sixth  nerves  enter  the  orbit,  whilst  the  ophthalmic  veins  pass 
backwards  through  it.    Above  and  internal  to  the  inner  end  of  the  sphenoidal 


NOEMA  FEONTALIS  OF  THE  SKULL. 


145 


1.  Mental  protuberance. 

2.  Body  of  lower  jaw. 

3.  Ramus  of  lower  jaw. 

4.  Anterior  nasal  spine. 

5.  Canine  fossa. 

6.  Infraorbital  canal. 

7.  Malar  canal. 

8.  Orbital  surface  of  superior 

maxilla. 

9.  Temporal  fossa. 

10.  Os  planum  of  ethmoid. 

11.  Sphenoidal  fissure. 

12.  Lachrymal  bone  and  groove. 


Fig.  114.— Norma  Frontalis. 

13.  Optic  foramen. 

14.  Orbital  foramina. 

15.  Temporal  ridge. 

16.  Supraorbital  notch. 

17.  Glabella. 

18.  Frontal  eminence. 

19.  Superciliary  ridge. 

20.  Parietal  bone. 

21.  Fronto-nasal  suture. 

22.  Pterion. 

23.  Great  wing  of  sphenoid. 

24.  Orbital  surface  of  great  wing 

of  sphenoid. 


25.  Squamous  temporal. 

26.  Left  nasal  bone. 

27.  Malar  bone. 

28.  Spheno-maxillary  fissure. 

29.  Zygomatic  arch. 

30.  Anterior  nasal  aperture,  displaying 

nasal  septum  and  inferior  and 
middle  turbinated  bones. 

31.  Mastoid  process. 

32.  Incisor  fossa. 

33.  Angle  of  jaw. 

34.  Mental  foramen. 

35.  Symphysis. 


The  roof  of  the  orhit,  which  is  very  thin  and  brittle  towards  its  centre,  is  formed 
in  front  by  the  orbital  plate  of  the  frontal  bone  (pars  orbitalis)  and  behind  by  a 
small  triangular  piece  of  the  lesser  wing  of  the  sphenoid,  which  surrounds  the 
10 
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optic  foramen  and  forms  the  upper  border  of  the  sphenoidal  fissure.  Externally 
this  surface  is  separated  from  the  outer  wall  by  the  sphenoidal  fissure  posteriorly, 
anteriorly  by  an  irregular  suture  between  the  orbital  part  of  the  frontal  and 
the  upper  margin  of  the  orbital  surface  of  the  great  wing  of  the  sphenoid,  ex- 
ternal to  which  the  external  angular  process  of  the  frontal  articulates  with  the 
malar.  Internally  the  roof  is  marked  off  from  the  inner  wall  by  a  suture,  more 
or  less  horizontal  in  direction,  between  the  orbital  plate  of  the  frontal  and  the 
following  bones  in  order  from  before  backwards,  viz.  the  frontal  process  of  the 
superior  maxilla,  the  lachrymal  bone,  and  the  os  planum  of  ethmoid.  In  the 
suture  between  the  last-mentioned  bone  and  the  frontal  there  are  two  foramina, 
the  anterior  and  posterior  internal  orbital  or  ethmoidal  canals  (foramen  ethmoidale 
anterius  et  posterius) ;  both  transmit  ethmoidal  vessels — the  anterior  affording 
passage  to  the  nasal  nerve  as  well.  The  roof  is  concave  from  side  to  side,  and 
to  some  extent  also  from  before  backwards.  About  midway  between  the 
fronto  -  maxillary  suture  and  the  supraorbital  notch  or  foramen,  but  within 
the  margin  of  the  orbit,  there  is  a  small  depression,  occasionally  replaced  by  a 
spine  (fovea  vel.  spina  trochlearis),  for  the  attachment  of  the  cartilaginous  pulley 
of  the  superior  oblique  muscle  of  the  eyeball.  Under  cover  of  the  external 
angular  process  the  roof  is  more  deeply  excavated,  forming  a  shallow  fossa  for  the 
lodgment  of  the  lachrymal  gland  (fossa  glandulse  lachrymalis).  In  front,  the  roof 
separates  the  orbit  from  the  frontal  sinus,  and  along  its  inner  border  it  is  in  relation 
with  the  ethmoidal  air-cells.  The  relation  to  these  air  spaces  is  variable,  depending 
on  the  development  and  size  of  the  sinuses.  Tlie  rest  of  the  roof,  which  is  very  thin, 
forms  by  its  upper  surface  the  floor  of  the  anterior  cranial  fossa,  in  which  are  lodged 
the  frontal  lobes  of  the  cerebrum. 

The  floor  of  the  orhit  is  formed  by  the  orbital  plate  of  the  superior  maxilla, 
together  with  part  of  the  orbital  surface  of  the  malar  bone,  and  a  small  triangular 
piece  of  bone,  the  orbital  process  of  the  palate,  which  is  wedged  in  posteriorly. 
Externally,  for  three-quarters  of  its  length  posteriorly,  it  is  separated  from  the  outer 
wall,  whicli  is  here  formed  by  the  great  wing  of  the  sphenoid,  by  a  cleft  called  the 
spheno-maxillary  fissure  (fissura  orbitalis  inferior).  Through  this  there  pass  the 
superior  maxillary  division  of  the  fifth  nerve  on  its  way  to  the  infraorbital  canal,  the 
orbital  or  temporp-malar  branch  of  the  same  nerve,  the  infraorbital  vessels,  and  some 
twigs  from  Meckel's  (spheno-palatine)  ganglion.  By  means  of  this  fissure  the  orbit 
communicates  with  the  spheno-maxillary  fossa  behind  and  the  zygomatic  fossa  to 
the  outer  side.  Internally  the  floor  is  limited  from  behind  forwards  by  the  suture 
between  the  following  bones,  viz.  the  orbital  process  of  the  palate  below  with  the 
body  of  the  sphenoid  above  and  behind,  and  the  os  planum  of  the  ethmoid  above  and 
in  front — anterior  to  which  the  orbital  plate  of  the  superior  maxilla  below  articulates 
with  the  OS  planum  of  the  ethmoid  and  the  lachrymal  above  and  in  front.  .  At  the 
anterior  extremity  of  this  line  of  sutures  the  inner  edge  of  the  orbital  plate  of  the 
superior  maxilla  is  notched  and  free  between  tlie  point  where  it  articulates  with  the 
lachrymal  posteriorly  and  the  part  from  which  its  frontal  process  rises.  Here  it 
forms  the  outer  edge  of  a  canal,  down  which  the  membranous  nasal  duct  passes  to 
the  nose.  The  floor  of  the  orbit  is  thin  behind  and  at  the  sides,  but  thicker  in 
front  where  it  blends  with  the  orbital  margin.  Passing  in  a  sagittal  direction 
through  its  substance  is  the  infraorbital  canal,  the  roof  of  which  is  usually  deficient 
l)ehind,  where  it  becomes  continuous  with  a  broad,  shallow  groove,  which  leads 
forwards  from  the  anterior  margin  of  the  spheno-maxillary  fissure.  This  canal 
(canalis  infraorbitalis)  opens  on  the  facial  surface  of  the  superior  maxillary  imme- 
diately below  the  orbital  margin  (foramen  infraorbitale)  and  transmits  the  superior 
maxillary  division  of  the  fifth  nerve,  together  with  the  infraorbital  vessels.  The 
floor  forms  a  thin  partition  which  sepai'ates  the  orbit  from  the  antrum  or  sinus  of 
the  superior  maxilla,  which  lies  below.  Internally  it  completes  the  lower  ethmoidal 
air-cells,  and  separates  the  orbit  from  the  middle  meatus  of  the  nasal  fossie. 

The  outer  v;all  of  the  orhit,  which  is  the  strongest,  is  formed  by  the  orbital 
surface  of  the  great  wing  of  the  sphenoid  and  the  upper  part  of  the  orbital  surface 
of  the  malar  bone.  Above  it,  behind,  is  the  sphenoidal  fissure,  whilst  below, 
and  extending  much  farther  forward,  is  the  spheno-maxillary  fissure.    The  anterior 
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margin  of  the  outer  wall  is  stout  and  formed  by  the  malar  bone,  behind  which, 
formed  in  part  by  the  orbital  process  of  the  malar  bone  and  the  malar  edge  (margo 
zygomaticus)  of  the  great  wing  of  the  sphenoid,  it  forms  a  fairly  thick  partition 
between  the  orbit  in  front  and  the  temporal  fossa  behind.  Crossing  this  surface 
from  above  downwards  close  to  the  anterior  extremity  of  the  spheno-maxillary 
fissure  is  the  suture  between  the  malar  bone  and  the  great  wing  of  the  sphenoid 
(sutura .  spheno-zygomatica).  This  wall  is  pierced  in  front  by  one  or  two 
small  canals  (foramen  zygomatico-orbitale),  which  traverse  the  malar  bone  and 
allow  of  the  transmission  of  the  temporal  and  malar  branches  of  the  orbital  portion 
of  the  superior  maxillary  division  of  the  fifth  nerve. 

The  inner  wall  of  the  orbit  is  formed  from  before  backwards  by  a  small  part  of 
the  frontal  process  of  the  superior  maxilla,  by  the  lachrymal,  and  by  the  os  planum  or 
orbital  plate  of  the  ethmoid  (lamina  papyracea  ossis  ethmoidalis),  posterior  to  which 
is  a  small  part  of  the  lateral  aspect  of  the  body  of  the  sphenoid  in  front  of  the 
optic  foramen.  Above,  the  orbital  plate  of  the  frontal  bone  forms  a  continuous 
suture  from  before  backwards  with  the  bones  just  enumerated ;  whilst  below,  the 
lachrymal  and  the  orbital  plate  of  the  ethmoid  articulate  with  the  orbital  plate  of 
the  superior  maxilla ;  posteriorly  the  hinder  extremity  of  the  os  planum  and  the 
fore  part  of  the  body  of  the  sphenoid  articulate  with  the  orbital  process  of  the 
palate.  The  orbital  surface  of  the  lachrymal  bone  is  divided  into  two  by  a  vertical 
ridge — the  lachrymal  crest  (crista  lachrymalis  posterior) — which  forms  in  front  the 
posterior  half  of  a  hollow,  the  lachrymal  groove  (sulcus  lachrymalis),  the  anterior 
part  of  which  is  completed  by  the  channelled  posterior  border  of  the  frontal  process 
of  the  superior  maxilla.  In  the  lachrymal  groove  or  fossa  (fossa  sacci  lachrymalis) 
is  lodged  the  lachrymal  sac,  whilst  passing  from  it  and  occupying  the  canal,  of 
which  the  upper  opening  is  at  present  seen,  is  the  membranous  nasal  duct.  The 
extremely  thin  wall  of  the  lower  part  of  the  lachrymal  fossa  separates  the  orbit 
from  the  fore  part  of  the  middle  meatus  of  the  nasal  fossa.  To  the  inner  side  of 
the  upper  and  fore  part  of  the  lachrymal  bone,  and  separated  from  the  orbit  merely 
by  the  thickness  of  that  bone,  is  the  passage  leading  from  the  nose  to  the  frontal 
sinus  (infundibulum  ethmoidale),  whilst  the  part  of  the  bone  behind  the  lachrymal 
crest  forms  the  thin  partition  between  the  orbit  and  the  anterior  ethmoidal  cells. 
Behind,  where  the  body  of  the  sphenoid  forms  part  of  the  inner  wall  of  the  orbit, 
the  sphenoidal  air  sinus  is  in  relation  to  the  apex  of  that  space,  though  here  the 
partition  wall  between  the  two  cavities  is  much  thicker. 

The  skeleton  of  the  face  on  its  anterior  surface  is  formed  by  the  two  superior 
maxillae,  the  frontal  processes  of  which  have  been  already  seen  to  pass  up  to  articu- 
late with  the  internal  angular  processes  of  the  frontal  bone,  thus  forming  the  lower 
halves  of  the  inner  margins  of  the  orbit.  Joined  to  the  upper  jaws  externally  are  the 
malar  or  cheek  bones  (ossa  zygomatica),  which  are  supported  by  their  union  with  the 
temporal  bones  posteriorly  through  the  medium  of  the  zygomatic  arches.  The 
suture  which  separates  the  malar  from  the  superior  maxilla  (sutura  zygomatico- 
maxillaris)  commences  above  about  the  centre  of  the  lower  orbital  margin  and 
passes  obliquely  downward  and  outward,  its  lower  end  lying  in  vertical  line  with 
the  outer  orbital  margin.  TJie  two  superior  maxillse  are  separated  by  the  nasal 
fossae,  which  here  open  anteriorly.  Above,  the  two  nasal  bones  are  wedged  in 
between  the  frontal  processes  of  the  maxilla ;  whilst  below  the  nasal  aperture,  the 
maxillse  themselves  are  united  in  the  middle  line  by  the  intermaxillary  suture 
(sutura  intermaxillaris). 

The  nasal  aperture  (apertura  pyriformis),  which  lies  below  and  in  part  between 
the  orbits,  is  of  variable  shape  and  size — usually  pyriform,  it  tends  to  be  long  and 
narrow  in  Europeans,  as  contrasted  with  the  shorter  and  wider  form  met  with  in 
the  negroid  races.  Its  edges  are  formed  below  and  on  either  side  by  the  free 
curved  margin  of  the  body  and  the  frontal  process  of  the  superior  maxilla ;  and 
above,  and  partly  at  the  sides,  by  the  free  border  of  the  nasal  bones.  In  the 
middle  line,  inferiorly,  corresponding  to  the  upper  end  of  the  intermaxillary 
suture  there  is  an  outstanding  process — the  anterior  nasal  spine  (spina  nasalis 
anterior)  formed  by  the  coalescence  of  spicules  from  both  maxillse ;  arising  from 
this,  and  passing  backwards  and  upwards,  is  a  thin  bony  partition — the  osseous 
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septum  of  the  nose.  Often  deflected  to  one  or  other  side,  it  divides  the  cavity  of 
the  nose  (cavuni  nasi)  into  a  right  and  left  half.  Projecting  into  these  chaniloers 
from  their  outer  walls  can  be  seen  the  inner  surfaces  and  free  borders  of  the  middle 
(concha  media)  and  inferior  (concha  inferior)  turbinated  bones,  the  spaces  below 
and  between  which  form  the  inferior  and  middle  meatuses  of  the  nose  respectively. 

Below  the  orbit,  and  to  the  outer  side  of  the  nasal  aperture,  the  anterior  or 
facial  surface  of  the  body  of  the  superior  maxilla  (corpus  maxillae)  is  seen  ;  this  is 
continuous  inferiorly  with  the  outer  surface  of  the  alveolar  process  (process  alveo- 
laris),  in  which  are  embedded  the  roots  of  the  upper  teeth. 

A  horizontal  line  drawn  round  the  jaw  on  the  level  of  a  point  midway  between 
the  lower  boi'der  of  the  nasal  aperture  and  the  alveolar  edge  corresponds  to  the 
plane  of  the  hard  palate.  Below  that  the  alveolar  process  separates  the  cavity  of 
the  mouth  from  the  front  of  the  face ;  whilst  above,  the  large  air  space,  the  maxil- 
lary sinus  (sinus  maxillaris),  or  antrum  of  Highmore,  lies  within  the  body  of  the 
superior  maxilla. 

The  malar  or  cheek  bone  (os  zygomaticum)  forms  the  lower  half  of  the  outer, 
and  outer  half  of  the  lower  border  of  the  orbit.  Its  outer  aspect  corresponds  to  the 
point  of  greatest  width  of  the  face,  the  modelling  of  which  depends  on  the  flatness 
or  projection  of  this  bone. 

When  the  lower  jaw  (mandibula)  is  in  position,  and  the  teeth  in  both  jaws  are 
complete,  the  lower  dental  arch  will  be  seen  to  be  smaller  in  all  its  diameters  than 
the  upper,  so  that  when  the  jaws  are  clo.sed  the  upper  teeth  slightly  overlap  the 
lower  both  in  front  and  at  the  sides.  Exceptionally  a  departure  from  this  arrange- 
ment is  met  with. 

Norma  Lateralis. 

Viewing  this  aspect  of  the  skull,  in  the  first  instance,  without  the  lower  jaw,  it 
is  seen  to  be  formed  in  part  by  the  bones  of  the  cranium,  and  in  part  by  the  bones 
of  the  face.  A  line  drawn  from  the  fronto-nasal  suture  to  the  tip  of  the  mastoid 
process  serves  to  define  roughly  the  boundary  between  these  portions  of  the  skull. 
Of  ovoid  shape,  the  cranium  is  formed  above  by  the  frontal,  parietal,  and  occipital 
bones  from  before  backwards ;  whilst  below,  included  within  these  are  the  sphenoid 
and  temporal  bones.  The  sutures  between  these  several  bones  are  arranged  as 
follows : — Commencing  at  the  external  angular  process  of  the  frontal,  the  suture 
between  that  bone  and  the  malar  is  first  seen  ;  tracing  this  backwards  and  a  little 
upwards,  the  lower  edge  of  the  frontal  next  articulates  with  the  upper  margin  of  the 
great  wing  of  the  sphenoid  for  a  distance  varying  from  three-quarters  of  an  inch  to 
one  inch.  Here  the  posterior  border  of  the  frontal  turns  upwards  and  slightly  back- 
wards, forming  with  the  parietal  the  coronal  suture  (sutura  coronalis).  The  lower 
border  of  the  parietal  bone,  which  is  placed  immediately  behind  the  frontal,  articulates 
anteriorly  with  the  hinder  part  of  the  upper  edge  of  the  great  wing  of  the  sphenoid. 
The  extent  of  this  suture  (sutura  spheno-parietalis)  is  liable  to  very  great  indi- 
vidual variation — at  times  being  broad,  in  other  instances  being  pointed  and 
narrow,  whilst  occasionally  the  parietal  does  not  articulate  with  the  sphenoid  at  all. 
Behind  the  spheno-parietal  suture  the  parietal  articulates  with  the  squamous  part 
of  the  temporal  (sutura  squamosa).  This  repeats  to  a  certain  extent  the  curve 
formed  by  the  outline  of  the  calvaria,  and  ends  posteriorly  about  one  inch  behind 
the  external  auditory  meatus.  Here  the  suture  alters  its  character  and  direction, 
and  in  place  of  being  scaly,  becomes  toothed  and  irregular,  uniting  for  the  space  of 
an  inch  or  so  the  posterior  inferior  angle  of  the  parietal  with  the  mastoid  process 
of  the  temporal  bone.  This  suture  (sutura  parieto-mastoid)  is  more  or  less  hori- 
zontal in  direction,  and  lies  in  line  and  on  a  level  with  the  upper  border  of  the 
zygomatic  arch.  At  a  point  about  two  inches  behind  the  external  auditory  meatus 
the  posterior  border  of  the  parietal  bone  turns  obliquely  upwards  and  backwards, 
and  forms  with  the  tabular  part  of  the  occipital  bone  the  strongly-denticulated 
lambdoid  suture  (sutura  lambdoidea).  Inferiorly  this  suture  is  continued  obliquely 
downwards  between  the  occipital  bone  and  the  hinder  border  of  the  mastoid  portion 
-cif  the  temporal,  where  it  forms  the  occipito  -  mastoid  suture  (sutura  occipito- 
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niastoidea),  much  simpler  and  less  serrated  than  the  two  previously  mentioned. 
These  three  sutures  just  described  meet  in  triradiate  fashion  at  a  point  called 
the  asterion. 

Anteriorly  the  curve  of  the  squamous  suture  is  continued  downward  between 
the  anterior  edge  of  the  squamous  part  of  the  temporal  and  the  posterior  border  of 
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Fig.  115. — Norma  Lateralis. 
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the  great  wing  of  the  sphenoid ;  inferiorly  it  lies  in  plane  with  the  middle  of  the 
zygomatic  arch. 

The  sutures  around  the  summit  of  the  great  wing  of  the  sphenoid  are  arranged 
like  the  letter  H  placed  obliquely,  the  cross  piece  of  the  H  corresponding  to  the 
spheno-parietal  suture.  When  this  is  short,  and  becomes  a  mere  point  of  contact, 
the  arrangement  then  resembles  the  letter  X-    This  region  is  named  the  pterion. 

Curving  over  the  lateral  region  of  the  calvaria  in  a  longitudinal  direction  is 
the  temporal  crest  (linea  temporalis).  This  is  often  double.  The  lower  line  marks 
the  limit  of  the  attachment  of  the  temporal  muscle,  whilst  the  upper  ridge  defines 
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the  attachment  of  the  temporal  fascia.  Commencing  in  front  at  the  external 
angular  process  of  the  frontal,  the  crest  sweeps  upwards  and  backwards  across  the 
lower  part  of  that  bone,  and  then  crossing  the  coronal  suture — a  point  called  the 
stephanion — it  passes  on  to  the  parietal,  over  which  it  curves  in  the  direction  of  its 
posterior  inferior  angle.  Here  it  is  continued  on  to  the  temporal  bone,  where  it 
sweeps  forward  to  form  the  supramastoid  crest,  which  serves  to  separate  the  squamous 
from  the  mastoid  portion  of  the  temporal  bone  externally.  Carried  forward,  this 
ridge  is  seen  to  become  continuous  with  the  upper  border  of  the  zygomatic 
arch  over  the  external  auditory  meatus.  In  front,  the  temporal  ridge  separates 
the  temporal  fossa  from  the  region  of  the  forehead ;  above  and  behind,  it  bounds 
the  temporal  fossa  which  lies  within  its  ciirve,  and  serves  to  separate  that  hollow 
from  the  surface  of  the  calvaria  which  is  overlain  by  the  scalp.  Above  the  level 
of  the  temporal  lines  the  surfaces  of  the  frontal  and  parietal  bones  are  smooth, 
the  latter  exhibiting  an  elevation  of  varying  prominence  and  position,  but  usually 
situated  about  the  centre  of  the  bone,  called  the  parietal  eminence  (tuber  parietale). 
A  slight  hollowing  of  the  surface  of  the  parietal  behind  and  parallel  to  the  coronal 
suture  is  not  uncommon,  and  is  referred  to  as  the  post-coronal  depression.  As 
seen  in  profile,  the  part  of  the  calvaria  behind  and  below  the  lambdoid  suture  is 
formed  by  the  tabular  part  of  the  occipital  bone.  In  line  with  the  zygomatic  arch 
this  outline  is  interrupted  by  the  external  occipital  protuberance  or  inion  (protuber- 
antia  occipitalis  externa).  The  projection  of  this  point  is  variable ;  but  its 
position  can  usually  be  easily  determined  in  the  living.  Passing  forwards  from 
it,  and  blending  anteriorly  with  the  posterior  border  of  the  mastoid  process  of  the 
temporal  bone  is  a  rough  crest,  the  superior  curved  line  flinea  nuchre  superior),  a 
little  above  which  there  is  often  a  much  fainter  line,  the  highest  curved  line  (linea 
nuchcB  suprema) ;  this  affords  attachment  to  the  epicranial  aponeurosis.  These  two 
lines  serve  to  separate  the  part  of  the  cranium  above,  which  is  covered  by  scalp, 
from  that  below  which  serves  for  the  attachment  of  the  fleshy  muscles  of  the  back 
of  the  neck,  the  latter  surface  (planum  nuchale)  being  rough  and  irregular  as 
contrasted  with  the  smooth  superior  part  (planum  occipitale).  The  fulness  of 
these  two  parts  of  the  occipital  bone  varies  much.  There  is  frequently  a  pronounced 
bulging  of  the  planum  occipitale,  and  the  position  of  the  lambda  can  often  be 
easily  determined  in  the  living ;  similarly  the  planum  nuchale  may  be  either  com- 
paratively flat  or  else  full  and  rounded.  These  differences  are  of  course'  associated 
with  corresponding  differences  in  the  development  of  the  cerebral  and  cerebellar 
lobes  which  are  lodged  in  relation  to  the  internal  aspect  of  these  parts  of  the  bone. 
The  further  description  of  the  planum  nuchale  is  best  deferred  till  the  base  of 
the  skull  (norma  basalis)  is  studied. 

Temporal  Fossa. — Within  the  limits  of  the  temporal  lines  the  side  of  the  cranium 
slopes  forwards,  inwards,  and  downwards,  thus  leaving  a  considerable  interval  between 
its  lower  part  and  the  zygomatic  arch.  This  space  or  hollow  is  called  the  temporal 
fossa  (fossa  temporalis)  ;  bounded  above  and  behind  by  the  temporal  lines,  its  inferior 
limit  is  defined  by  the  level  of  the  zygomatic  arch.  Deepest  opposite  the  angle  formed 
by  the  frontal  and  temporal  processes  of  the  malar  bone,  the  fossa  becomes  shallow 
towards  its  circumference.  Its  floor,  which  is  slightly  concavo-convex  from  before 
backwards  about  mid-level,  is  formed  above  by  the  temporal  surface  (facies  temporalis) 
of  the  frontal,  behind  by  the  anterior  inferior  angle  (angulis  sphenoidalis)  of  the 
parietal,  as  well  as  the  lower  portion  of  that  bone,  below  the  temporal  crest ;  below 
and  in  front  by  the  temporal  surface  of  the  great  wing  of  the  sphenoid,  and  behind 
and  below  l)y  the  squamous  portion  of  the  temporal  bone.  Inferiorly  the  floor  is 
limited  in  front  by  the  free  inferior  border  of  the  great  wing  of  the  sphenoid,  which 
forms  the  tipper  boundary  of  the  spheno-maxillary  fissure ;  behind  that,  by  a  rough 
ridge,  the  infratemporal  crest  or  pterygoid  ridge  (crista  infratemporalis),  which 
crosses  the  external  surface  of  the  great  wing  of  the  sphenoid,  to  become  con- 
tinuous posteriorly  with  a  ridge  on  the  lower  surface  of  the  squamous  temporal, 
from  which  the  anterior  root  of  the  zygomatic  process  springs.  In  front  the 
temporal  fossa  is  separated  from  the  orbit  by  the  external  angular  process  of  the 
frontal  above,  and  by  the  orbital  process  of  the  malar  and  its  junction  with  the 
external  border  of  the  great  wing  of  the  sphenoid  between  the  orbital  and  temporal 
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surfaces  of  that  process.  Externally  and  in  front,  the  fossa  is  overhung  by  the 
backward  projection  of  the  frontal  process  of  the  malar  bone,  and  it  is  under  cover 
of  this,  and  within  the  angle  formed  by  the  frontal  and  orbital  processes  of  the  .malar, 
we  see  the  opening  of  the  temporal  canal,  which  pierces  the  orbital  plate  of  the  . 
malar  and  transmits  the  temporal  branch  of  the  orbital  nerve — a  filament  of  the 
superior  maxillary  division  of  the  V  nerve.  The  fore  part  of  the  spheno-maxillary 
fissure  (fissura  orbita  inferior)  opens  into  the  lower  part  of  the  temporal  fossa,  and 
thus  establishes  a  communication  between  it  and  the  orbit.  If  the  floor  of  the 
fossa  be  carefully  examined,  some  more  or  less  distinct  vascular  grooves  may 
be  seen.  One  passing  upwards  over  the  posterior  part  of  the  squamous 
temporal,  immediately  in  front  of  and  above  the  external  auditory  meatus,  is  for 
the  middle  temporal  artery ;  two  others,  usually  less  distinct,  pass  up,  one  over  the 
temporal  surface  of  the  great  wing  of  the  sphenoid,  the  other  over  the  fore  part  of 
the  squamous  temporal ;  these  are  for  the  anterior  and  posterior  deep  temporal 
branches  of  the  internal  maxillary  artery.  The  fossa  contains  the  temporal  muscle 
with  its  vessels  and  nerves,  together  with  the  temporal  branch  of  the  orbital  nerve 
and  some  fat ;  all  of  which  are  enclosed  by  the  fascia  which  stretches  over  the  space 
from  the  upper  temporal  line  above  to  the  superior  border  of  the  zygomatic  arch 
below.  The  extent  of  the  fossa  depends  on  the  size  of  the  temporal  muscle, 
the  development  of  which  is  correlated  with  the  size  and  weight  of  the  lower 
jaw. 

Springing  from  the  front  and  lower  part  of  the  squamous  temporal  is  the. 
zygomatic  process  of  that  bone;  it  has  two  roots,  an  anterior  and  a  posterior,  between 
and  below  which  are  placed  the  glenoid  fossa  (fossa  mandibularis)  in  front,  and  the 
opening  of  the  external  auditory  meatus  behind.  Of  compressed  triangular  form,  the 
process  at  flrst  has  its  surfaces  directed  upwards  and  downwards,  but  curving  out- 
wards and  forwards,  it  twists  on  itself,  so  that  its  narrowed  surfaces  are  now  turned 
outwards  and  inwards,  and  its  edges  upwards  and  downwards ;  passing  forwards,  it 
expands  somewhat,  and  ends  in  an  oblique  serrated  surface,  which  unites  with  the 
temporal  process  of  the  malar  bone  and  completes  the  zygomatic  arch.  It  is  the 
upper  edge  of  this  bridge  of  bone  which  forms  the  posterior  root.  The  lower  bordei^, 
turning  inwards,  forms  the  anterior  root,  and  serves  to  separate  the  temporal  from 
the  zygomatic  surface  of  the  squamous  temporal,  blending  in  front  with  the  infra- 
temporal crest  on  the  outer  surface  of  the  great  wing  of  the  sphenoid.  The  under 
surface  of  this  root  is  convex  from  before  backwards,  and  is  thrown  into  relief  by 
the  glenoid  hollow,  which  passes  up  behind  it.  In  this  way  a  downward  projection, 
which  is  called  the  eminentia  articularis,  is  formed. 

The  alar  spine  of  the  sphenoid  (spina  angularis)  lies  immediately  to  the 
inner  side  of  the  articular  part  of  the  glenoid  fossa.  Its  size  and  projection  vary. 
It  is  well  to  remember  its  relation  to  the  condyle  of  the  lower  jaw  when  that  bone 
is  in  position ;  lying,  as  it  does,  to  the  inner  side  and  a  little  in  front  of  that  process, 
it  affords  attachment  to  the  so-called  long  internal  lateral  ligament  (spheno- 
mandibular)  of  the  temporo-maxillary  articulation.  As  will  be  seen  hereafter,  the 
anterior  extremity  of  the  osseous  Eustachian  canal  lies  immediately  to  its  inner 
side  (p.  159).  A  noteworthy  feature  about  the  articular  part  of  the  glenoid  fossa 
is  the  thinness  of  the  bony  plate  which  serves  to  separate  it  from  the  middle 
cranial  fossa  above.  The  vaginal  process  is  a  crest  of  bone  which  runs  obliquely 
forwards  from  the  front  and  inner  side  of  the  mastoid  process,  just  below  the 
external  auditory  meatus,  to  the  alar  spine  of  the  sphenoid.  Passing  downwards 
and  slightly  forwards  from  the  centre  of  this,  and  ensheathed  by  it  in  front  and 
at  the  sides,  is  the  pointed  styloid  process,  the  length  of  which  is  extremely  variable. 

In  the  recess  between  the  posterior  root  of  the  zygoma  and  the  upper  curved 
edge  of  the  meatus  there  is  usually  a  depression,  though  in  some  instances  this 
may  be  replaced  by  a  slight  bulging  of  the  bone.  If  from  the  posterior  root  of 
the  zygoma  a  vertical  line  be  let  fall,  tangential  to  the  posterior  edge  of  the  meatus, 
a  small  triangular  area  is  mapped  off  which  has  been  named  by  Macewen  the  supra- 
meatal  triangle.  Surgically  this  is  of  importance,  as  it  is  the  spot  selected  in  which 
to  trephine  the  bone  to  reach  the  mastoid  antrum  (see  p.  116). 

In  the  suture  between  the  posterior  border  of  the  mastoid-temporal  and  the 
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tabular  plate  of  the  occipital,  there  is  usually  a  foramen  (mastoid)  for  the  trans- 
mission of  an  emissary  vein  from  the  lateral  sinus  within  the  cranium  to  the 
cutaneous  occipital  vein  of  the  scalp ;  this  opening,  which  may  be  double,  varies 
greatly  in  size,  and  is  usually  placed  on  a  level  with  the  external  auditory 
meatus. 

Zygomatic  Fossa. — The  side  of  the  cranium  in  front  of  the  anterior  root  of  the 
zygomatic  process  of  the  temporal  bone  is  deeply  hollowed,  forming  the  zygomatic 
or  infratemporal  fossa  (fossa  iufratemporalis) ;  this  in  topographical  anatomy 
corresponds  to  the  pterygo-maxillary  region.  The  student  must  bear  in  mind 
that,  in  examining  this  space,  the  ramus  and  coronoid  process  of  the  lower 
jaw  form  its  outer  wall ;  but  this  bone  for  the  present  being  withdrawn,  enables  us 
to  get  a  better  view  of  the  boundaries  of  the  space.  In  front  its  anterior  wall 
is  formed  by  the  convex  posterior  or  zygomatic  surface  (facies  iufratemporalis) 
of  the  superior  maxilla,  which  rises  behind  the  socket  for  the  last  molar  tooth  to 
form  the  tuberosity  (tuber-maxillare).  Anteriorly  the  zygomatic  surface  of  the 
upper  jaw  is  separated  from  its  facial  aspect  by  the  sharp  inferior  margin  of  the  malar 
or  zygomatic  process  which  supports  the  malar  bone.  This  latter  curves  outwards 
and  backwards,  forming  part  of  the  upper  and  anterior  wall  of  the  fossa.  On  the  inner 
surface  of  this  wall  will  be  seen  the  suture  uniting  the  malar  and  superior  maxillary 
bones  (sutura  zygomatico-maxillaris),  which  runs  obliquely  upwards  and  inwards 
to  reach  the  external  extremity  of  the  spheno-maxillary  fissure,  the  lower  border  of 
which  forms  the  superior  boundary  of  the  zygomatic  surface  of  the  upper  jaw.  On 
this  aspect  of  the  bone  are  to  be  seen  the  openings  of  the  posterior  dental  canals 
(foramina  alveolaria)  two  or  more  in  number,  which  transmit  the  nerves  and 
vessels  to  the  upper  molar  teeth.  The  inner  loall  of  the  zygomatic  fossa  is  formed 
by  the  outer  surface  of  the  external  pterygoid  plate  (lamina  lateralis  processus 
pterygoidei),  the  width  and  shape  of  which  varies  greatly ;  its  posterior  border  is 
thin  and  sharp,  and  often  furnished  with  spiny  points,  to  one  of  which  the  pterygo- 
spinous  ligament,  which  stretches  from  this  border  to  the  alar  spine  of  the  sphenoid, 
is  attached.  It  occasionally  happens  that  this  ligament  becomes  ossified. 
Anteriorly  the  external  pterygoid  plate  is  separated  from  the  superior  maxilla 
above  by  an  interval  called  the  pterygo-maxillary  fissure.  Below  this  the  bones  are 
apparently  fused,  but  a  careful  inspection  of  the  skull,  together  with  an  examina- 
tion of  the  disarticulated  bones,  will  enable  the  student  to  realise  that,  wedged  in 
between  the  two  bones  at  this  point,  is  a  part  of  one  of  the  smaller  bones  of  the 
face,  the  tuberosity  of  the  palate  bone  (processus  pyramidalis  ossis  palatini). 

The  lower  border  of  the  external  pterygoid  plate  is  usually  curved  and  slightly 
everted.  Superiorly,  where  the  external  pterygoid  plate  is  generally  narrower,  it 
sweeps  upwards  to  become  continuous  with  the  broad  under  surface  of  the  great 
wing  of  the  sphenoid ;  this,  which  overhangs  in  part  the  zygomatic  fossa  superiorly, 
is  limited  above  by  the  infratemporal  crest  which  separates  its  zygomatic  from  its 
temporal  surface.  The  zygomatic  surface  of  the  great  wing  of  the  sphenoid  is 
limited  in  front  and  below  by  the  edge  which  forms  the  upper  boundary  of  the 
spheno-maxillary  fissure,  whilst  behind  it  reaches  as  far  back  as  the  inner 
extremity  of  the  Glaserian  fissure,  where  it  terminates  in  the  alar  spine.  It  is 
from  this  point  that  the  suture  (sutura  spheno-squamosa)  curves  forward  and 
upwards  to  reach  the  region  of  the  pterion.  The  infratemporal  or  zygomatic 
surface  of  the  great  wing  of  the  sphenoid,  and  the  outer  surface  of  the  external 
pterygoid  plate,  alike  afford  extensive  attachments  for  the  external  pterygoid 
muscle,  whilst  the  former  is  pierced  by  minute  canals  for  the  transmission  of 
emissary  veins.  Occasionally  a  larger  vascular  foramen  is  present  (foramen  Vesalii), 
through  which  a  vein  runs  from  the  cavernous  sinus  within  the  cranium  to  the 
pterygoid  venous  plexus  situated  in  the  pterygo-maxillary  region.  Immediately 
behind  the  root  of  the  external  pterygoid  plate  there  is  a  large  oval  hole,  the  foramen 
ovale,  and  behind  that,  and  in  line  with  the  alar  spine,  is  the  smaller  foramen 
spinosum.  These  two  forainina  cannot  usually  be  seen  in  a  side  view  of  the  skull, 
and  are  better  studied  when  the  base  is  examined  ;  they  are  mentioned,  however, 
because  they  transmit  structures  which  here  pass  from  and  enter  the  cranium,  viz. 
the  inferior  maxillary  division  of  the  fifth  nerve,  together  with  its  motor  root,  and 
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the  small  meningeal  artery  through  the  foramen  ovale,  and  the  middle  meningeal 
artery  and  its  companion  veins  through  the  foramen  spinosum.  A  part  of  the 
squamous  temporal  also  forms  a  small  portion  of  the  roof  of  this  fossa ;  it  consists 
of  a  triangular  area  immediately  in  front  of  the  eminentia  articularis,  and  between 
it  and  the  anterior  root  of  the  zygomatic  process  of  the  temporal,  vs^hich  is  here 
curving  inwards  and  forwards,  to  become  continuous  with  the  infratemporal  crest. 
Internally  this  surface  is  continuous  with  the  zygomatic  surface  of  the  great  wing 
of  the  sphenoid,  separated  from  it,  however,  by  the  hinder  part  of  the  spheno- 
squamosal  suture. 

When  the  lower  jaw  is  in  position,  the  zygomatic  fossa  is  concealed  by  the 
ramus  of  the  mandible,  the  inner  surface  of  which,  in  its  upper  half,  forms  the  outer 
wall  of  that  space.  Viewed  from  the  outer  side,  the  ramus  of  the  inferior  maxilla 
displays  considerable  differences  in  different  skulls.  These  are  mainly  due  to  varia- 
tions in  its  width  and  in  the  nature  of  the  angle  which  it  forms  at  its  fusion  with 
the  body  of  the  bone.  A  considerable  interval  separates  the  posterior  border  of  the 
ramus  from  the  front  of  the  mastoid  process.  Within  this  space  may  be  seen  the 
free  inferior  edge  of  the  tympanic  plate  (vaginal  process),  from  which,  just  below 
the  external  auditory  meatus,  the  styloid  process  of  the  temporal  bone  is  observed 
passing  downwards  and  slightly  forwards.  The  width  and  height  of  the  coronoid 
process  vary  much,  oftentimes  reaching  the  level  of  the  top  of  the  condyle.  Its 
extremity,  when  the  lower  jaw  is  closed,  lies  just  within  the  fore  part  of  the  zygo- 
matic arch,  at  other  times  rising  to  a  much  higher  level  so  that  its  point  may  be 
seen  above  the  level  of  the  upper  border  of  the  zygomatic  arch.  The  posterior 
edge  of  the  coronoid  process  forms  the  anterior  border  of  the  sigmoid  notch,  and 
limits  in  front  the  interval  left  between  the  lower  border  of  the  posterior  half  of 
the  zygomatic  arch  and  the  upper  hollowed  edge  of  the  ramus.  On  looking  into 
this  interval,  the  floor  of  the  zygomatic  fossa  may  be  seen,  formed  anteriorly  by  the 
external  pterygoid  plate ;  whilst  posteriorly  it  is  possible  to  pass  a  probe  right 
across  the  base  of  the  skull  from  one  sigmoid  notch  to  the  other,  the  shaft  of  the 
probe  lying  immediately  behind  the  pterygoid  processes  of  the  sphenoid,  and  cross- 
ing the  foramina  ovalia,  through  which  the  inferior  maxillary  divisions  of  the  fifth 
nerves  pass. 

The  ramus  and  coronoid  process  are  so  placed  as  to  occupy  a  position  inter- 
mediate between  the  zygomatic  arch  externally  and  the  external  pterygoid  plate 
internally ;  their  inner  surface,  therefore,  forms  the  outer  wall  of  the  zygomatic  fossa. 
On  a  level  with  the  surface  of  the  crowns  of  the  teeth  of  the  lower  jaw,  and 
situated  about  the  middle  of  this  aspect  of  the  ramus,  is  the  inferior  dental  foramen 
(foramen  mandibulare),  the  superior  opening  of  the  inferior  dental  canal  (canalis 
mandibulse),  which  traverses  the  body  of  the  bone.  Through  this  foramen  there 
pass  the  inferior  dental  branch  of  the  inferior  maxillary  division  of  the  fifth  nerve, 
together  with  the  inferior  dental  artery  and  its  companion  veins.  As  will  now  be 
seen,  when  the  lower  jaw  is  in  position,  the  zygomatic  fossa  is  closed  in  externally 
by  the  ramus  of  the  mandible.  In  front  there  is  an  interval  between  the  anterior 
border  of  the  ramus  and  the  zygomatic  surface  of  the  superior  maxilla,  through 
which  pass  the  buccal  branch  of  the  fifth  nerve  and  the  communicating  vein 
between  the  pterygoid  plexus  and  the  facial  vein.  Above,  in  the  interval  between 
the  sigmoid  edge  and  the  lower  border  of  the  zygomatic  arch,  there  pass  from  the 
fossa  the  vessels  and  nerves  which  supply  the  masseter  muscle.  Between  the 
posterior  border  of  the  ramus  and  the  styloid  process  there  enter  and  leave  the 
large  vessels  which  are  found  within  the  space.  Superiorly,  under  cover  of  the 
zygomatic  arch,  the  zygomatic  fossa  communicates  with  the  temporal  fossa,  whilst 
inferiorly  it  is  continuous  with  the  inframaxillary  region.  Internally,  on  the 
floor  of  the  fossa  there  is  an  T-shaped  fissure,  the  horizontal  limb  of  which 
corresponds  to  the  spheno-maxillary  fissure,  forming  a  channel  of  communication 
between  the  fossa  and  the  orbit,  through  which  passes  the  orbital  branch  of  the 
superior  maxillary  division  of  the  fifth  nerve  ;  whilst  the  vertical  cleft  is  the  pterygo- 
maxillary  fissure,  which  leads  into  a  small  fossa  placed  between  the  front  of  the  root 
of  the  pterygoid  process  of  the  sphenoid  and  the  back  of  the  superior  maxilla,  called 
the  spheno-maxillary  fossa  (fossa  pterygo-palatina). 


154 


OSTEOLOGY. 


The  following  foramina  open  into  the  zygomatic  fossa — the  foramen  ovale, 
foramen  spinosum,  posterior  dental  foramina,  inferior  dental  foramen,  minute 
foramina  for  the  transmission  of  emissary  veins ;  of  these  one  of  large  size  is 
occasionally  present,  the  foramen  of  Vesalius. 

Spheno-Maxillary  Fossa. — This  space,  which  corresponds  to  the  angular  interval 
between  the  pterygo- maxillary  and  spheno- maxillary  fissures,  and  which  lies 
between  the  maxilla  in  front  and  the  root  of  the  pterygoid  process  behind,  is 
bounded  internally  by  the  vertical  plate  of  the  palate  bone,  which  separates  it 
from  the  nasal  cavity,  with  which,  however,  it  communicates  by  means  of  the 
spheno-palatine  foramen,  which  hes  between  the  orbital  and  sphenoidal  processes  of 
the  palate  bone  and  the  under  surface  of  the  body  of  the  sphenoid.  Opening 
into  this  fossa,  above  and  behind,  are  the  foramen  rotundum,  the  Vidian  canal  and 
the  pterygo-palatine  canal  from  without  inwards,  whilst  below  is  the  superior 
orifice  of  the  posterior  palatine  canal,  together  with  openings  of  the  accessory 
posterior  palatine  canals.  Its  roof  is  formed  by  the  under  surface  of  tlie  body  of 
the  sphenoid  and  the  orbital  plate  of  the  palate  bone.  Anteriorly' it  lies  in  relation 
to  the  apex  of  the  orbit,  with  which  it  communicates  by  means  of  the  spheno- 
maxillary fissure ;  whilst  externally,  as  already  stated,  it  communicates  with  the 
zygomatic  fossa  through  the  pterygo-maxillary  fissure. 

Norma  Occipitalis. 

This  view  of  the  cranium  includes  the  posterior  halves  of  the  two  parietal 
bones  above,  the  tabular  part  of  the  occipital  bone  below,  and  the  mastoid  portions 
of  the  temporal  bones  on  either  side  inferiorly.  The  shape  of  this  aspect  of  the 
skull  vaiies  much,  but  ordinarily  the  greatest  width  corresponds  to  the  level  of  the 
parietal  eminences.  The  sutures  on  this  view  of  the  calvaria  display  a  tri-radiate 
arrangement,  one  limb  of  which  is  vertical,  and  corresponds  to  the  posterior  part  of 
the  interparietal  or  sagittal  suture  (sutura  sagittalis).  The  other  two  limbs  pass 
outwards  and  downwards  in  the  direction  of  the  mastoid  processes,  uniting  the  two 
parietal  bones  in  front  with  the  occipital  bone  behind  ;  these  constitute  the  A-shaped 
lambdoid  suture  (sutura  lambdoidea).  The  point  of  confluence  of  the  sagittal  and 
lambdoid  sutures  is  called  the  lambda.  This  can  generally  be  felt  in  the  living, 
owing  to  the  tendency  of  the  tabular  part  of  the  occipital  to  project  slightly 
immediately  below  this  spot.  About  one  inch  and  a  quarter  above  the  lambda  the 
two  small  parietal  foramina  (foramina  parietalia)  are  seen,  through  which  pass  the 
small  emissary  veins  of  Santorini,  which  connect  the  intracranial  venous  system 
with  the  superficial  veins  of  scalp.  These  small  holes  lie  about  j\  of  an  inch  apart 
on  either  side  of  the  sagittal  suture,  which  here,  for  the  space  of  about  an  inch, 
displays  a  simplicity  of  outline  in  striking  contrast  with  its  serrated  arrangement 
elsewhere.  The  term  obelion  is  applied  to  a  point  on  the  sagittal  suture  in  line 
with  the  two  parietal  foramina.  The  lambdoid  suture  is  characterised  by  great 
irregularity  of  outline,  and  not  unfrequently  chains  of  separated  ossicles  are  met 
with  in  it,  the  so-called  Wormian  bones.  The  tabular  part  of  the  occipital  bone  is 
divided  into  two  parts  by  the  superior  curved  line  (linea  nuchte  superior),  the 
central  part  of  which  forms  the  external  occipital  protuberance  (protuberantia 
occipitalis  exterior).  The  part  above,  called  the  occipital  surface  (planum  occipitale), 
comes  within  our  present  consideration ;  the  part  below,  the  nuchal  surface  (planum 
nuchale),  though  seen  in  perspective,  had  best  be  considered  when  the  base  is 
examined.  A  little  above  the  level  of  the  superior  curved  line  the  occipital  surface 
is  crossed  .on  either  side  by  a  faint  lunated  line,  the  highest  curved  line  (linea 
nuchse  suprema)  to  which  are  attached  the  occipitales  muscles  and  the  epicranial 
aponeurosis.  The  projection  of  the  occipital  surface  varies  much  in  individual 
skulls ;  most  frequently  it  overhangs  the  external  occipital  protuberance,  forming  a 
distinct  boss ;  exceptionally,  however,  the  latter  may  be  the  most  projecting  part  of 
the  bone.  The  extremity  of  the  superior  curved  line  on  either  side  corresponds  to 
the  position  of  the  asterion  (p.  149).  External  to  these  points  the  outline  of  the 
skull  is  determined  by  the  downward  projection  of  the  mastoid  processes,  the  inner 
surfaces  of  which  are  deeply  grooved  for  the  attachment  of  the  posterior  bellies  of 
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the  digastric  muscles,  thus  causing  these  processes  to  appear  more  pointed  when 
viewed  from  this  aspect. 

Norma  Verticalis. 

This  is  the  view  of  the  calvaria  as  seen  from  above.  It  is  liable  to  great 
diversities  of  form.  Thus  its  shape  may  vary  from  an  elongated  oval  to  an  outline 
more  nearly  circular.  These  differences  have  been  classified,  and  form  important 
distinctions  from  a  craniometrical  standpoint  (p.  173),  the  rounder  varieties  being- 
termed  the  brachycephalic,  whilst  the  elongated  belong  to  the  dolichocephalic  group. 
Another  noteworthy  point  in  this  view  is  the  fact  that  in  some  instances  the 
zygomatic  arches  are  seen,  whilst  in  others  they  are  concealed  by  the  overhang 
and  bulge  of  the  sides  of  the  fore  part  of  the  cranium.  The  former  condition  is 
described  as  phoenozygous,  the  latter  as  cryptozygous,  and  each  is  more  or  less  closely 
associated  with  the  long  or  round  varieties  of  head-form  respectively. 

The  sutures  displayed  have  a  T-shaped  arrangement.  Placed  mesially  between 
the  two  parietal  bones  is  the  sagittal  suture.  This  is  finely  denticulated,  except  in 
the  region  of  the  obelion,  though,  of  course,  this  will  not  be  apparent  if  obliteration 
of  the  suture  has  taken  place  through  fusion  of  the  two  parietal  bones.  Posteriorly 
the  sagittal  suture  unites  with  the  lambdoid  suture  at  the  lambda,  which  marks  in 
the  adult  the  position  of  the  posterior  fontanelle  of  the  foetus.  Anteriorly  it 
terminates  by  joining  the  transverse  suture  which  separates  the  frontal  bone 
anteriorly  from  the  parietals  behind  ;  this  latter  is  called  the  coronal  suture,  and  the 
point  of  junction  between  the  sagittal  and  coronal  suture  is  known  as  the  bregma, 
which  corresponds  in  position  to  the  anterior  fontanelle  of  the  foetus.  The  summit 
of  the  vault  of  the  calvaria  corresponds  to  a  variable  point  in  the  line  of  the  sagittal 
suture,  and  is  named  the  vertex.  The  coronal  suture  is  less  denticulated  centrally  than 
laterally.  Occasionally  there  is  a  persistence  of  the  suture  which  unites  the  two 
halves  of  the  frontal  bone ;  under  these  conditions  the  line  of  the  sagittal  suture  is 
carried  forward  to  the  fronto-nasal  suture,  and  a  skull  displaying  this  peculiarity  is 
described  as  metopic.  Behind  the  coronal  suture  may  occasionally  be  seen  the 
post-coronal  depression  (p.  150),  and  in  some  instances  the  vault  of  the  calvaria  forms 
a  broad,  slightly  elevated  crest  along  the  line  of  the  sagittal  suture.  On  either 
side,  the  temporal  ridges  can  be  seen  curving  over  the  lateral  and  superior  aspects 
of  the  parietal  bones.  As  the  lower  of  these  crosses  the  coronal  suture  in  front  it 
marks  a  spot  known  as  the  stephanion,  useful  as  affording  a  fixed  point  from  which 
to  estimate  the  bi-stephanic  diameter.  The  interval  between  the  temporal  ridges 
on  either  side  will  vary  according  to  the  form  of  the  skull  and  the  development  of 
the  temporal  muscle.  In  this  view  o£  the  calvaria  a  small  part  of  the  lambdoid 
suture  on  either  side  of  the  lambda  is  visible  posteriorly. 

Norma  Basalis. 

The  base  of  the  cranium — i.e.  the  skull  without  the  mandible — includes  a  descrip- 
tion of  the  under  surfaces  of  the  skeleton  of  the  face  (cranium  viscerale)  and  the 
cranium  (cranium  cerebrale).  The  former  includes  the  hard  palate  formed  by  the 
superior  maxillae  and  palate  bones,  the  superior  dental  arch,  and  the  bodies  of  the 
superior  maxillss  as  seen  from  below  ;  whilst  externally,  and  united  with  the  bodies  of 
the  superior  maxilla,  the  malar  bones  are  displayed,  curving  backwards  to  form  the 
anterior  halves  of  the  zygomatic  arches.  In  the  middle  line,  passing  from  the  upper 
surface  of  the  hard  palate,  is  the  osseous  septum  of  'the  nose,  here  formed  by 
the  vomer,  which  is  united  above  to  the  under  surface  of  the  body  of  the 
sphenoid. 

The  under  surface  of  the  cranium  is  pierced  by  the  foramen  magnum  for  the 
transmission  of  the  spinal  cord  and  its  membranes.  In  front  of  this  a  stout  bar  of 
bone  extends  forwards  in  the  middle  line,  formed  by  the  union  of  the  body  of  the 
sphenoid  in  front  with  the  basilar  process  of  the  occipital  bone  behind.  In  adult 
skulls  all  trace  of  the  fusion  of  these  two  bones  has  disappeared  ;  when  union  is  in- 
complete, it  indicates  that  the  skull  is  that  of  a  person  below  the  age  of  twenty-five. 
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1.  External  occipital  crest. 

2.  Superior  curved  Hue  of 

tlie  occipital  bone. 

3.  Foramen  magnum. 

4.  Occipital  condyle. 

5.  Digastric  groove. 

6.  Ma.stoid  process. 

7.  External  auditory  meatus. 

8.  Styloid  process. 

9.  Glenoid  fossa. 

10.  Foramen  spinosum. 

11.  Sphenoidal  spine. 

12.  Foramen  ovale. 

13.  External  pterygoid  plate. 


Fig.  116. — Norma  Basalis. 

14.  Hamular    process   of    internal  27. 

pterygoid  plate.  28. 

15.  Nasal  septum.  29. 

16.  Posterior  nasal  spine.  30. 

17.  Horizontal  plate  of  palate  bone. 

18.  Palatal  process  of  superior  maxilla.  31. 

1 9.  Anterior  palatine  canal.  32. 

20.  Intermaxillary  suture.  33. 

21.  Posterior  palatine  canal.  34. 

22.  Malar  process  of  superior  maxilla.  35. 

23.  Splieno-niaxillary  fissure.  36. 

24.  Zygomatic  fossa.  37. 

25.  Zygomatic  arch.  38. 

26.  Posterioropeningof  left  nasal  fossa.  39. 


Pterygoid  fo.ssa. 

Scaphoid  fossa. 

Foramen  lacerum  medium. 

Opening  of  osseous  Eustachian 

canal. 
Carotid  canal. 
Jugular  fossa. 
Stylo-mastoid  foramen. 
Jugular  process  of  occipital  bone. 
Groove  for  occipital  artery. 
Mastoid  foramen. 
Posterior  condylic  foramen. 
Inferior  curved  line  of  occipital  bone. 
External  occipital  protuberance. 


The  sphenoid  comprises  that  part  of  the  calvaria  which  forms  the  roof  and  sides  of 
the  apertures  which  lie  on  either  side  of  the  nasal  septum  above  the  hard  palate 


NORMA  BASALTS  OF  THE  SKULL. 


L57 


- — the  choanse  or  posterior  nares.  Laterally  the  under  surfaces  of  the  great 
sphenoidal  wings  extend  as  far  forward  as  the  posterior  border  of  the  spheno- 
maxillary fissure  ;  whilst  posteriorly  they  reach  as  far  as  the  alar  spine,  external  to 
which  the  spheno-squamosal  suture,  separating  the  great  wing  of  the  sphenoid  from 
the  squamous  portion  of  the  temporal,  curves  forwards  and  upwards,  internal  to  the 
eminentia  articularis,  to  reach  the  floor  of  the  temporal  fossa,  along  which  its  course 
has  been  already  traced  (p.  150).  On  a  level  with  the  front  of  the  foramen 
magnum  the  jugular  process  of  the  occipital  bone  forms  an  irregular  curved  border, 
which  sweeps  outwards  to  terminate  at  a  point  just  internal  to  the  root  of  the 
styloid  process.  Here,  in  line  with  the  spheno-squamosal  suture,  from  which,  how- 
ever, it  is  separated  by  a  considerable  interval,  its  extremity  turns  backwards,  and 
may  be  traced  at  first  internal  to,  and  then  turning  upwards,  behind  the  mastoid 
process  of  the  temporal  bone,  separated  from  this  latter  by  the  occipito-mastoid 
suture.  The  bone  behind  the  foramen  magnum,  which  is  included  between  the 
two  occipito-mastoid  sutures,  comprises  the  nuchal  surface  of  the  tabular  portion  of 
the  occipital  bone,  an  area  which  is  Limited  behind  by  the  superior  curved  line 
which  separates  it  from  the  occipital  surface  of  the  same  bone.  The  remaining 
portions  of  the  base  of  the  calvaria,  as  at  present  exposed,  are  formed  by  the 
squamous  and  tympanic  portions  of  the  temporal  together  with  the  petro-mastoid 
part  of  the  same  bone,  the  latter  of  which  is  wedged  in  between  the  great  wing  of 
the  sphenoid  in  front  and  the  occipital  bone  behind.  Stretching  forwards  from  the 
squamous  temporal  in  front  is  seen  the  zygomatic  process  which,  by  its  union  with 
the  malar,  completes  the  formation  of  the  zygomatic  arch. 

Studying  next  the  various  parts  in  detail,  the  hard  palate  (palatum  durum)  may 
be  first  examined.  Of  horse-shoe  shape  as  a  rule,  it  presents  many  varieties  of  out- 
line and  size.  Formed  by  the  palatal  processes  (processus  palatini)  of  the  superior 
maxillae  in  front  and  the  horizontal  plates  (partes  horizontales)  of  the  palate  bones 
behind,  its  circumference  in  front  and  at  the  sides  corresponds  to  the  superior 
alveolar  arch,  in  which  are  embedded  the  sixteen  teeth  of  the  upper  jaw ; 
posteriorly  the  edge  of  the  hard  palate  is  thin,  ending  mesially  in  a  pointed 
process,  the  posterior  nasal  spine  (spina  nasalis  posterior),  on  eitlier  side  of  which  the 
posterior  free  border  is  sharp  and  lunated.  The  vault  of  the  palate,  which  is 
concave  from  side  to  side,  and  from  before  backwards,  varies  in  depth  according  to 
the  projection  and  development  of  the  alveolar  processes.  When  the  teeth  are  shed 
and  the  alveoli  are  absorbed,  the  palate  becomes  shallow  and  flat.  Running 
throughout  its  entire  length  in  the  middle  line  is  the  middle  palatine  suture 
(sutura  palatina  mediana),  which  separates  the  palatal  processes  of  the  superior 
maxillse  in  front  and  the  horizontal-  plates  of  the  palate  bones  behind.  A  little 
behind  the  central  incisor  teeth,  and  in  the  line  of  this  suture,  is  a  little  pit,  the 
anterior  palatine  canal  or  fossa  (foramen  incisivum).  At  the  bottom  of  this  may  be 
seen  the  openings  of  some  small  canals,  varying  in  number  from  one  to  four ;  these 
are  usually  described  as  arranged  in  two  pairs,  the  one  pair  placed  side  by  side, 
the  other  lying  mesially  in  front  and  behind.  The  former  are  called  the  incisor 
foramina,  or  foramina  of  Stenson,  and  transmit  the  terminal  twigs  of  the  superior 
or  descending  palatine  arteries  which  ascend  to  reach  the  nasal  fossae.  The  latter, 
called  the  foramina  of  Scarpa,  open,  the  anterior  into  the  left,  the  posterior  into  the 
right  nasal  fossa,  and  afford  passage  for  the  fine  filaments  of  the  left  and  right  naso- 
palatine nerves  respectively.  About  half  an  inch  (12  mm.)  in  front  of  the  posterior 
nasal  spine  the  middle  palatine  suture  is  crossed  at  right  angles  by  the  transverse 
palatine  suture  (sutura  palatina  transversa).  This,  which  indicates  the  line  of 
union  of  the  palatal  processes  of  the  superior  maxillse  with  the  horizontal  plates  of 
the  palate  bones,  passes  transversely  outwards  on  either  side  until  it  reaches  the 
inner  aspect  of  the  base  of  the  alveolar  process,  along  which  it  turns  backward,  to 
disappear  within  the  posterior  palatine  canal  (foramen  palatinum  majus),  a  hole 
which  lies  immediately  internal  to  the  root  of  the  wisdom  molar.  Through  this 
there  pass  the  superior  or  descending  palatine  artery  and  the  large  descending 
palatine  nerve.  Leading  from  this  foramen  is  a  groove  which  curves  forward  im- 
mediately to  the  inner  side  of  the  alveolar  arch ;  not  unfrequently  tlie  inner  edge 
of  this  groove  forms  a  thin  and  sharp  ridge  on  the  surface  of  the  palate.    In  this 
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groove  are  lodged  the  aforementioned  vessels  and  nerves.  The  surface  of  the  palate 
in  front  of  the  transverse  suture  is  rough,  pitted  for  the  palatine  glands,  and  pierced  by 
numerous  small  vascular  foramina  ;  the  part  of  the  palate  behind  the  suture,  formed 
liy  the  under  surface  of  the  horizontal  plate  of  the  palate  bone,  is  much  smoother. 
From  this  there  rises,  just  posterior  to  the  orifice  of  the  posterior  palatine  canal,  a 
thin  sharp  crest  which  curves  inwards  immediately  in  front  of  the  posterior  free 
edge ;  to  this  are  attached  some  of  the  tendinous  fibres  of  the  tensor  palati  muscle. 

Pterygoid  Processes. — Buttressed  against  the  hinder  extremities  of  the  alveolar 
arch  are  the  pterygoid  processes  of  the  sphenoid.  If  carefully  examined,  these 
will  be  seen  not  to  lie  in  actual  contact  with  the  maxillae,  but  to  be  separated  from 
them  by  the  triangular  wedge-shaped  tuberosities  (proc.  pyramidales)  of  the  palate 
bones.  It  is  these  latter  which  are  pierced  by  the  posterior  and  external  accessory- 
palatine  canals  (foramina  palatina  minora)  which  lie  just  behind  the  posterior  pala- 
tine canal,  and  through  which  pass  the  lesser  palatine  nerves.  As  here  displayed, 
the  pterygoid  processes  (processus  pterygoidei)  of  the  sphenoid  lie  on  either  side  of 
the  opening  of  the  posterior  nares ;  each  consists  of  two  plates,  an  internal  (lamina 
medialis)  and  an  external  (lamina  lateralis)  ;  the  latter  is  the  broader,  and  is 
directed  backwards  and  slightly  outwards.  Its  external  surface  has  been  already 
studied  in  connexion  with  the  zygomatic  fossa  (p.  152).  Internally  it  is  separated 
from  the  inner  pterygoid  plate  by  the  pterygoid  fossa  (fossa  pterygoidea),  wherein 
is  lodged  a  considerable  part  of  the  internal  pterygoid  muscle.  The  floor  of  the 
fossa  is  formed  in  greater  part  by  the  coalescence  of  the  two  pterygoid  plates ;  but 
at  the  level  of  the  hard  palate  the  tuberosity  of  the  palate  bone  appears  wedged  in 
between  the  two  plates,  and  so  enters  into  the  formation  of  the  floor  of  the 
pterygoid  fossa.  The  internal  pterygoid  plate  separates  the  nasal  from  the 
pterygoid  fossa ;  to  the  hinder  edge  of  the  internal  pterygoid  plate  are  attached  the 
pharyngeal  aponeurosis,  the  superior  constrictor  of  the  pharynx,  and  the  palato- 
pharyngeus  muscle.  Above,  the  posterior  border  of  this  plate  is  channelled  to 
form  the  small  scaphoid  fossa  (fossa  scaphoidea),  which  curves  outwards  over  the 
summit  of  the  pterygoid  fossa,  and  furnishes  a  surface  for  the  origin  of  the  tensor  palati 
muscle.  The  sharp  inner  margin  of  this  fossa,  continuous  below  with  the  posterior 
border  of  the  internal  pterygoid  plate,  extends  upwards,  and  on  either  side  of  the 
body  of  the  sphenoid  forms  a  blunt  pointed  process,  the  pterygoid  tubercle,  which 
extends  backwards  towards  the  apex  of  the  petrous  part  of  the  temporal  bone. 
Just  external  to  this,  and  concealed  by  it,  is  the  hinder  extremity  of  the  Vidian 
canal  (canalis  Vidianis),  through  which  pass  the  Vidian  vessels  and  nerve.  The 
inner  surface  of  the  internal  pterygoid  plate  is  directed  towards  the  nasal  fossae. 
Superiorly  this  surface  curves  inwards  to  meet  the  under  surface  of  the  body  of  the 
sphenoid,  forming  on  either  side  a  lipped  edge,  the  vaginal  process  (processus  vaginalis), 
between  which  the  alse  of  the  vomer,  which  here  forms  the  nasal  septum,  are 
wedged.  Between  the  two  a  small  interval,  however,  is  occasionally  left,  which  forms 
on  either  side  the  basi-pharyngeal  canal.  A  little  external  to  the  line  of  union  of 
the  vaginal  process  with  the  vomer  is  the  opening  of  the  pterygo-palatine  canal 
(canalis  pharyngeus).  This  hes  between  the  under  surface  of  the  vaginal  process 
and  the  sphenoidal  process  of  the  palate  bone,  which  here  articulates  with  the 
inferior  surface  of  the  body  of  the  sphenoid.  The  pharyngeal  branch  of  the 
spheno-palatine  ganglion  and  the  pterygo-palatine  artery  pass  through  this  canal. . 
Inferiorly  the  pterygoid  processes  project  below  the  level  of  the  hard  palate.  The 
inner  plate  ends  in  a  slender  recurved  process,  called  the  hamular  process  (hamulus 
pterygoideus),  which  turns  backwards  and  outwards  ;  this  is  frequently  broken  off  in 
skulls  which  have  been  roughly  handled.  It  reaches  as  low  as  the  level  of  the 
alveolar  margin,  and  lies  just  within  and  behind  the  posterior  extremity  of  the 
alveolar  process.  It  can  readily  be  felt  in  the  living  by  placing  the  finger  against 
the  soft  palate  behind  and  just  within  the  gum  around  the  root  of  the  wisdom 
tooth.  On  the  front  of  and  below  this  process  the  tendon  of  the  tensor  palati 
muscle  glides  in  a  groove. 

The  posterior  nares  (choance)  lie  within  and  between  the  pterygoid  processes. 
Of  a  shape  much  resembling  two  Gothic  windows,  their  bases  or  inferior  boundaries 
are  formed  by  the  horizontal  plates  of  the  palate  bone.    Externally  they  are 
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bounded  by  the  inner  surfaces  of  the  internal  pterygoid  plates,  whilst  above,  the 
outer  side  of  the  arch  is  formed  by  the  vaginal  processes  of  the  same  plate ;  intern- 
ally they  are  separated  by  the  thin  vertical  posterior  border  of  the  vomer,  whilst 
above  the  everted  alee  of  the  same  bone  form  the  inner  sides  of  the  arch.  The 
plane  of  these  apertures  is  not  vertical  but  oblique,  corresponding  usually  to  a 
line  drawn  from  the  bregma  above  through  the  last  molar  tooth  of  the  upper 
jaw  below.  Their  size  varies  considerably,  but  the  height  is  usually  equal  to  twice 
the  width. 

The  region  of  the  cranium  which  lies  external  to  the  superior  maxilla  and 
external  pterygoid  plate  corresponds  to  the  zygomatic  fossa,  which  has  been  already 
described  as  seen  from  the  side  (norma  lateralis,  p.  152).  Viewed  from  below,  the 
zygomatic  fossa  is  bounded  in  front  by  the  posterior  surface  of  the  body  of  the 
superior  maxilla  and  the  internal  surface  of  the  malar  bone.  The  roof,  which  is 
traversed  by  the  spheno-squamosal  suture,  is  formed  in  front  by  the  under  surface 
of  the  great  wing  of  the  sphenoid,  and  behind  by  a  small  triangular  surface  of  the 
under  side  of  the  squamous  part  of  the  temporal  bone  immediately  in  front  of  the 
eminentia  articularis. 

Circumscribed  externally  and  behind  by  the  anterior  root  of  the  zygoma,  which 
curves  forward  to  become  continuous  in  front  with  the  infra-temporal  crest  crossing 
the  external  surface  of  the  great  wing  of  the  sphenoid,  the  roof  of  the  fossa  is 
separated  from  its  anterior  wall  by  the  spheno-maxillary  fissure,  which  is  so  inclined 
that  with  its  fellow  of  the  opposite  side  it  forms  an  angle  of  90°.  Superiorly  the 
zygomatic  fossa  communicates  freely  with  the  temporal  fossa  beneath  the  zygo- 
matic arch,  though  the  student  must  bear  in  mind  the  fact  that  when  the  inferior 
maxilla  is  in  position  the  external  limits  of  the  space  are  very  much  reduced 
(p.  153). 

The  under  surface  of  the  great  wing  of  the  sphenoid  is  here  V-shaped.  The 
angle  corresponds  to  the  spine,  the  outer  limb  to  the  spheno-squamosal  suture, 
whilst  the  inner  limb  corresponds  to  a  narrow  cleft,  the  fissura  spheno-petrosa, 
which  separates  it  from  the  petrous  portion  of  the  temporal  bone  to  which  it  is 
uuited  in  the  recent  condition  by  a  synchondrosis.  Along  the  line  of  this  latter 
fissure  the  edges  of  the  adjacent  bones  (sphenoid  and  petrous  temporal)  are 
bevelled  so  as  to  form  a  groove,  which  extends  from  the  root  of  the  inner  pterygoid 
plate  internally  to  the  inner  side  of  the  base  of  the  alar  spine  externally,  where 
the  groove  ends  by  entering  an  osseous  canal.  In  the  groove  (sulcus  tnhse  auditivse) 
is  lodged  the  cartilaginous  part  of  the  Eustachian  tube,  whilst  the  osseous  canal 
includes  the  bony  part  of  the  same  tube,  together  with  the  tensor  tympani  muscle, 
which  is  lodged  in  a  separate  compartment  immediately  above  it.  The  anterior 
extremity  of  the  cartilaginous  part  of  the  Eustachian  tube  is  supported  by  the 
posterior  edge  of  the  internal  pterygoid  plate,  which  is  often  notched  for  its  recep- 
tion. Between  the  root  of  the  external  pterygoid  plate  and  the  alar  spine  there 
are  two  foramina,  which  lie  immediately  in  front  of  the  sulcus  tubse  auditivse. 
Of  these,  the  larger  and  anterior  is  the  foramen  ovale,  through  which  pass  the 
motor  root  and  inferior  maxillary  division  of  the  fifth  nerve,  together  with  the 
small  meningeal  artery.  The  smaller,  which  from  its  position  immediately  in 
front  of  the  alar  spine  is  called  the  foramen  spinosum,  transmits  the  middle  menin- 
geal artery  and  sympathetic  plexus  surrounding  that  vessel.  The  lesser  superficial 
petrosal  nerve  here  passes  through  the  base  of  the  skull  to  join  the  otic  ganglion 
either  through  a  small  foramen  (canalis  innominatus)  placed  between  the  foramen 
ovale  and  the  foramen  spinosum,  or  through  the  foramen  ovale  or  through  the 
spheno-petrosal  fissure.  The  position  of  the  suture  between  the  basioccipital  and 
basisphenoid  corresponds  to  a  line  connecting  the  tips  of  the  pterygoid  tubercles  at 
the  root  of  the  internal  pterygoid  plates. 

Occasionally  in  tlie  centre  of  this  line  there  is  a  small  pit  with  a  foramen  leading  from  it.  This 
probably  represents  the  lower  end  of  the  cranio-pharyngeal  canal. 

The  under  surface  of  the  basioccipital  (pars  basilaris)  stretches  between  the 
body  of  the  sphenoid  in  front  and  the  anterior  margin  of  the  foramen  magnum 
behind;  projecting  from  its  centre  is  a  slight  elevation,  the  pharyngeal  tubercle 
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(tuberculum  pharyngeum),  to  which  the  pharyngeal  aponeurosis,  together  with  the 
central  part  of  the  anterior  occipito-atlantal  ligament,  is  attached.  It  should  be 
noted,  that  when  the  atlas  is  in  position  the  pharyngeal  tubercle  lies  in  line  with 
the  tubercle  on  the  anterior  arch  of  that  bone.  Curving  outwards  and  backwards 
from  the  pharyngeal  tubercle,  on  either  side,  is  an  irregular  ridge  (crista  muscularis), 
in  front  and  behind  which  are  attached  the  rectus  capitis  anticus  major  and  minor 
muscles.  On  either  side  of  the  basioccipital,  in  front,  there  is  an  irregular  opening 
of  variable  size ;  this  is  placed  between  the  root  of  the  pterygoid  process  anteriorly, 
the  apex  of  the  petrous  portion  of  the  temporal  bone  externally,  and  the  outer 
edge  of  the  basioccipital  and  basisphenoid  internally.  It  is  called  the  foramen 
lacerum  medium.  Opening  into  it  in  front,  just  external  to  the  pterygoid  tubercle, 
is  the  Vidian  canal,  whilst  in  correspondence  with  the  apex  of  the  petrous  temporal 
the  large  orifice  of  the  carotid  canal  may  be  seen  entering  it  behind  and  from  the 
outer  side.  In  the  recent  condition  the  lower  part  of  the  foramen  lacerum  is 
occupied  by  fibro-cartilage,  over  the  upper  surface  of  which  the  internal  carotid 
artery  and  great  superficial  petrosal  nerve  pass  to  reach  their  respective  foramina, 
whilst  a  small  meningeal  branch  of  the  ascending  pharyngeal  occasionally  enters 
the  cranium  through  it.  Leading  outwards  from  the  foramen  lacerum  in  the 
direction  of  the  alar  spine  of  the  sphenoid  is  the  spheno-petrosal  fissure,  which  lies 
at  the  bottom  of  the  sulcus  tubae  auditivae,  and  disappears  from  view  within  the 
bony  Eustachian  canal.  Passing  backwards  from  the  foramen  lacerum  there  is  a 
fissure  between  the  outer  side  of  the  basioccipital  and  the  posterior  and  inner 
border  of  the  petrous  part  of  the  temporal  bone.  This,  which  is  called  the  petro- 
occipital  fissure  (fissura  petro-occipitalis)  opens  posteriorly  into  the  jugular  foramen. 
In  the  recent  condition  the  fissure  is  filled  up  with  cartilage.  The  under  surface 
of  the  petrous  bone  included  between  these  two  fissures  is  rough  and  irregular,  and 
affords  attachments  near  its  apex  to  two  small  muscles,  the  levator  palati  and  the 
tensor  tympani.  Immediately  behind  the  alar  spine  the  petrous  temporal  is 
pierced  by  a  circular  hole,  the  inferior  opening  of  the  carotid  canal  (canalis  caroticus). 
This  passes  upwards,  and  then  turns  inwards  and  forwards  towards  the  apex  of  the 
bone,  where  it  may  again  be  seen  opening  into  the  outer  and  upper  side  of  the 
foramen  lacerum.  Externally  the  wall  of  the  vertical  part  of  this  canal  is  usually 
very  thin,  and  separates  it  from  the  cavity  of  the  tympanum,  as  may  be  seen  by 
holding  the  skull  up  to  the  light  and  looking  into  the  external  auditory  meatus 
(p.  116).  The  carotid  canal  transmits  the  internal  carotid  artery,  together  with 
the  sympathetic  plexus  around  it.  It  is  noteworthy  that  the  two  carotid  canals 
lie  in  line  with  the  anterior  edges  of  the  two  external  auditory  meatuses. 

The  jugular  foramen  is  an  opening  of  irregular  shape  and  size  placed  between 
the  petrous  temporal  in  front  and  the  jugular  process  of  the  occipital  bone 
behind.  The  former  is  excavated  into  a  hollow  called  the  jugular  fossa,  which  forms 
a  roof  to  the  upper  and  outer  part  of  the  space,  whilst  the  latter,  by  a  curved  edge, 
either  rounded  or  sharp,  constitutes  its  posterior  border.  There  is  often  considerable 
difference  in  the  size  of  the  jugular  foramina ;  that  on  the  right  side  (with  the  skull 
in  its  normal  position)  is  usually  the  larger.  The  foramen  is  occasionally  sub- 
divided into  two  by  spicules  of  bone  which  bridge  across  it.  Lodged  within  the 
fossa  is  the  sinus  of  the  internal  jugular  vein,  in  front  of  which  the  inferior  petrosal 
sinus  passes  down  to  join  the  internal  jugular  vein  below  the  foramen.  Effect- 
ing an  exit  between  the  two  veins,  in  order  from  before  backwards,  are  the  glosso- 
pharyngeal, pneumogastric,  and  spinal  accessory  nerves.  Small  meningeal  branches 
from  the  ascending  pharyngeal  and  occipital  arteries  also  enter  the  foramen.  The 
two  jugular  foramina  lie  in  line  with  a  line  drawn  through  the  centres  of  the  two 
external  auditory  meatuses.  Following  the  direction  of  a  line  connecting  the  alar 
spine  of  the  sphenoid  and  the  mastoid  process  of  the  temporal,  and  placed  immedi- 
ately external  to  the  apertures  of  the  carotid  canal  and  jugular  foramen,  is  the 
vaginal  process  of  the  tympanic  plate  of  the  temporal  bone,  the  edge  of  which  is 
sharp  and  thin,  and  serves  to  separate  the  under  surface  of  the  petrous  temporal 
from  the  non-articular  part  of  the  glenoid  fossa.  Springing  from  this  crest  im- 
mediately external  to  the  jugular  fossa,  and  in  line  with  the  middle  of  the  external 
auditory  meatus,  is  the  styloid  process  (processus  styloideum)  of  the  temporal  bon6 
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(p.  114).  Its  relation  to  the  jugular  foramen  is  of  great  importance,  as  the  internal 
jugular  vein  Hes  immediately  to  its  inner  side. 

Immediately  behind  the  root  of  the  styloid  process,  internal  to  and  in  line  with 
the  front  of  the  mastoid  process,  is  the  stylo -mastoid  foramen  (foramen  stylo- 
mastoideum),  the  lower  aperture  of  the  aquseductus  Fallopii  through  which  the  facial 
nerve  passes  out  and  the  stylo-mastoid  branch  of  the  posterior  auricular  artery 
passes  in.  The  inner  surface  of  the  mastoid  process  is  deeply  grooved  at  its  base 
for  the  origin  of  the  posterior  belly  of  the  digastric  muscle.  Internal  to  this,  and 
running  along  just  wide  of  the  occipito-mastoid  suture,  is  a  shallow  groove  in  which 
the  occipital  artery  is  lodged.  Immediately  internal  to  the  stylo-mastoid  foramen 
is  the  synchondrosis  between  the  extremity  of  the  jugular  process  (processus 
jugularis)  of  the  occipital  bone  and  the  petrous  temporal.  The  former  is  a  bar  of 
bone  which  limits  the  jugular  fossa  posteriorly  and  abuts  on  the  occipital  condyles 
internally  ;  its  under  surface  is  convex  from  before  backwards  and  affords  attachment 
to  the  rectus  lateralis  muscle.  The  occipital  condyles  (condyli  occipitales)  are 
placed  between  the  jugular  processes  and  the  foramen  magnum.  Ending  in  front 
by  a  rounded  thickening  which  becomes  confluent  with  the  anterior  border  of  the 
foramen  magnum,  they  form  by  their  inner  sides  the  lateral  boundaries  of  that 
aperture  on  its  anterior  half  Externally  they  are  confluent  with  the  jugular 
processes,  in  front  of  which  they  overhang  a  fossa  which  is  pierced  behind  by  the 
anterior  condylic  foramen  (canalis  hypoglossi),  through  which  passes  the  hypoglossal 
nerve,  together  with  a  small  vein  and  occasionally  a  small  meningeal  branch 
derived  from  the  ascending  pharyngeal  artery. 

The  posterior  condylic  fossse  are  situated  just  behind  the  posterior  extremities  of 
the  condyles.  Not  unfrequently  their  floor  is  pierced  by  the  posterior  condylic 
foramen  (canaHs  condyloideus),  through  which  the  posterior  condylic  vein  emerges. 
The  base  of  the  skull  behind  the  jugular  processes  and  condyles  of  the  occipital 
bone  is  formed  by  the  nuchal  surface  (planum  nuchale)  of  the  tabular  plate  of  that 
bone.  Posteriorly  this  surface  is  bounded  by  the  superior  curved  line,  in  the  centre 
of  which  is  placed  the  projecting  external  occipital  protuberance.  Laterally  the 
tabular  plate  is  separated  from  the  mastoid  portion  of  tlie  temporal  bone  by  the 
occipito-mastoid  suture,  which  curves  backwards  and  outwards  from  the  extremity 
of  the  jugular  process  in  front  around  the  base  of  the  mastoid  process  behind.  In 
front  and  in  the  middle  line  this  plate  of  bone  is  pierced  by  the  foramen  magnum, 
the  anterior  half  of  which  has  been  already  seen  to  lie  between  the  occipital 
condyles.  Usually  of  oval  form,  thougli  in  some  cases  it  tends  to  approach  the 
circular,  the  plane  of  this  opening  is  inclined  downwards  and  slightly  forwards. 
The  extreme  anterior  edge  of  the  foremen  is  sometimes  called  the  basion,  whilst  the 
extreme  posterior  margin  is  termed  the  opisthion.  The  lower  border  of  the  medulla 
oblongata,  where  it  becomes  continuous  with  the  spinal  cord,  is  lodged  within  the 
foramen,  together  with  the  meninges  which  cover  it,  whilst  the  vertebral  arteries 
and  the  spinal  portions  of  the  spinal  accessory  nerves  pass  upwards  through  it. 
The  anterior  and  posterior  spinal  arteries,  some  small  veins,  and  the  roots  of  the 
first  cervical  nerves,  also  traverse  it  from  above  downwards. 

The  student  will  no  doubt  experience  considerable  difficulty  in  bearing  in  mind  the  relative 
positions  of  the  various  foramina  and  processes  which  he  has  studied  on  the  under  surface  of  the 
base  of  the  skull. 

If  a  line  be  drawn  on  either  side  from  the  anterior  palatine  canal  in  front,  through  the  stylo- 
mastoid foramina  posteriorly,  it  will  be  found  to  cut  or  pass  near  to  the  following  objects  : — On 
the  hard  palate  it  will  lie  close  to  the  posterior  and  accessory  palatine  canals.  It  will  then  pass 
between  the  hamular  process  and  the  external  pterygoid  plate  overlying  the  foramen  ovale,  the 
foramen  spinosum,  the  opening  of  the  osseous  Eustachian  canal  and  the  spine  of  the  sphenoid  ; 
behind  this  it  will  cut  through  the  root  of  the  styloid  process  and  define  externally  the  limits  of 
the  jugular  fossa.  After  passing  through  the  stylo-mastoid  foramen,  if  the  line  be  prolonged 
backwards  it  will  usually  be  lound  to  pass  over  the  mastoid  foramen  in  the  occipito-mastoid 
suture.  Another  line  of  much  value  is  one  drawn  across  the  base  of  the  skull  from  the  centre 
of  one  external  auditory  meatus  to  the  other.  This  will  be  found  to  pass  through  the  root  of 
the  styloid  process,  the  jugular  foramen,  the  anterior  condylic  foramen  ;  it  then  crosses  the  front 
of  the  occipital  condyles,  and  corresponds  with  tlie  anterior  edge  of  the  foramen  magnum. 

A  line  whicli  may  be  found  useful  is  one  drawn  from  the  stylo-mastoid  foramen  of  one  side  to 
the  posterior  palatine  canal  of  the  opposite  side.  This  will  be  seen  to  overlie,  from  behind 
forwards,  the  outer  part  of  the  jugular  foramen  and  the  inferior  opening  of  the  carotid  canal. 
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The  line  indicates  the  direction  of  the  carotid  canal,  and  cuts  tlie  foramen  lacerum  medium 
anteriorly  ;  in  front  of  tliis  it  usually  corresponds  to  the  position  of  the  posterior  aperture  of  the 
pterygo-palatine  canal. 

The  examination  of  the  base  of  the  skull  is  incomplete  unless  the  student  examines 
it  with  the  lower  jaw  and  atlas  vertebra  in  position.  The  relation  of  the  ramus  of 
the  lower  jaw  to  the  zygomatic  fossa  has  been  already  sufficiently  studied  (p.  153) ; 
one  or  two  points,  however,  may  be  emphasised.  The  alar  spine  of  the  sphenoid 
lies  just  internal  to  the  condyle  of  the  jaw  when  that  structure  is  in  position  in  the 
articular  part  of  the  glenoid  fossa,  and  it  is  noteworthy  that  immediately  to  the 
inner  side  of  the  alar  spine  is  the  commencement  of  the  osseous  Eustachian  tube. 
The  root  of  the  styloid  process  occupies  the  centre  of  the  interval  between  the 
mandibular  ramus  and  the  front  of  the  mastoid  process. 

Anteriorly  the  arcade  formed  by  the  body  of  the  lower  jaw  adds  greatly  to  the 
depth  of  the  hard  palate.  In  this  space  are  lodged  the  tongue  and  the  structures 
which  form  the  floor  of  the  mouth.  The  inner  surface  of  each  side  of  the  body  of 
the  mandible  is  traversed  by  the  internal  oblique  line  (linea  mylo-hyoidea),  which 
commences  posteriorly  just  behind  the  root  of  the  last  molar  tooth  and  runs  down- 
wards and  forwards  towards  the  symphysis  in  front. 

When  the  atlas  vertebra  is  in  articulation  with  the  occipital  bone  it  is  well  to 
recognise  the  relation  of  its  transverse  processes  to  the  surrounding  structures.  The 
extremities  of  these  processes  lie  in  line  with  the  ends  of  the  jugular  processes  of 
the  occipital  bone,  and  thus  come  to  be  placed  just  internal  to  and  immediately  below 
and  slightly  in  front  of  the  tips  of  the  mastoid  processes.  They  can  thus  be  easily  felt 
in  the  living.  Anteriorly  they  are  separated  by  a  short  interval  from  the  styloid 
processes,  and  the  stylo-mastoid  foramina  lie  immediately  in  front  and  slightly  to 
the  outer  side  of  their  extremities.  The  student  will  note  that  there  is  no  hole  in 
the  jugular  process  of  the  occipital  bone  corresx^onding  to  the  arterial  foramen  in  the 
transverse  process  of  the  atlas  through  which  the  vertebral  artery  passes.  The 
course  of  this  vessel  over  the  upper  surface  of  the  posterior  arch  behind  the 
superior  articular  processes  of  the  atlas  will  be  seen  to  coincide  with  the  posterior 
condylic  foss;e  and  the  margins  of  the  foramen  magnum  immediately  internal 
thereto,  where  a  slight  grooving  of  the  edge  often  indicates  the  course  of  the  artery. 
In  front,  the  anterior  tubercle  of  the  atlas  falls  in  line  with  the  pharyngeal  tubercle 
on  the  under  surface  of  the  basioccipital,  and  the  student  must  not  overlook  the 
fact  that  the  anterior  surface  of  the  cervical  column  does  not  coincide  with  the 
anterior  margin  of  the  foramen  magnum,  but  lies  nearly  half  an  inch  in  front  of 
that,  in  a  coronal  plane  passing  immediately  in  front  of  the  external  auditory 
meatus.  Behind,  the  upper  surface  of  the  posterior  arch  of  the  atlas  overlaps  the 
hinder  margin  of  the  foramen  magnum,  and  it  is  by  the  apposition  of  these 
two  surfaces  that  extension  is  checked  at  the  occipito-atlantal  articulation. 

THE  SKULL  IN  SECTION. 

By  the  removal  of  the  skull-cap  the  interior  of  the  cranial  cavity  is  expo.sed. 
The  deep  surface  of  the  cranial  vault  is  grooved  mesially  for  the  superior  longitudinal 
sinus,  on  either  side  of  which  are  seen  numerous  depressions  for  the  lodgment  of 
Pacchionian  bodies.  On  holding  the  bone  up  to  the  light,  the  floor  of  these  little 
hollows  is  oftentimes  seen  to  be  very  thin.  A  short  distance  in  front  of  the 
lambda,  and  on  either  side  of  the  sagittal  suture,  are  the  internal  openings  of  the 
parietal  foramina.  The  inner  tables  of  the  frontal  and  parietal  bones  are  grooved 
for  the  meningeal  arteries.  The  principal  branch  of  the  middle  meningeal  runs  more 
or  less  parallel  to  and  at  a  variable  distance  behind  the  line  of  the  coronal  suture. 
Along  the  bottom  of  these  grooves  small  foramina  may  be  seen  for  the  passage  of 
nutrient  arteries  to  the  bone,  and  the  floor  of  the  longitudinal  sinus  is  likewise 
pierced  by  small  apertures  for  the  transmission  of  veins. 

The  Upper  Surface  of  the  Base  of  the  Skull. 
Cranial  Fossae. — The  upper  surface  of  the  base  of  the  skull  is  divided  into 
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Fig.  117. — -Base  of  the  Skull  as  seen  from  above. 


9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


Frontal  bone. 
Slit  for  nasal  nerve. 
Anterior  ethmoidal  foramen. 
Posterior  ethmoidal  foramen. 
Optic  foramen. 

Foramen  for  internal  carotid  artery  formed  by 

anterior  and  middle  olinoid  processes. 
Lesser  wing  of  snhenoid. 

Anterior  clinoid  process,  in  this  case  united  on 

its  inner  side  to  the  middle  clinoid  process. 
Posterior  olinoid  process. 
Foramen  ovale. 

Groove  for  middle  meningeal  artery. 
Foramen  spinosnm. 
Hiatus  Fallopii. 

Line  of  petro-squamosal  suture. 
Internal  auditory  meatus. 
Groove  for  superior  petrosal  sinus. 
Groove  for  sigmoid  part  of  lateral  sinus. 
Jugular  foramen. 
Anterior  condylic  foramen. 
Groove  for  lateral  sinus. 
Internal  occipital  protuberance. 
Ridge  ibr  attachment  of  falx  cerebri. 
Fossa  for  the  lodgment  of  the  occipital  lobes  of 
cerebrum. 


24.  Ridge  for  the  attachment  of  the  falx  cerebelli. 

25.  Fossa  for  the   lodgment  of  the  left  cerebellar 

hemisphere. 

26.  Foramen  magnum. 

27.  Groove  for  the  sigmoid  sinus  turning  into  the 

jugular  foramen. 

28.  Groove  for  the  inferior  petrosal  sinus  running 

along  the  line  of  suture  between  the  petrous 
temporal  and  the  basioccipital. 

29.  Depression  for  the  Gasserian  ganglion. 

30.  Middle  cranial  fossa  for  lodgment  of  temporal 

lobe  of  cerebrum. 

31.  Foramen  lacerura  medium. 

32.  Carotid  groove. 

33.  Dorsum  sellse  of  sphenoid. 

34.  Leads  into  foramen  rotundura. 

35.  Pituitary  fossa. 

36.  Olivary  eminence  of  sphenoid. 

37.  Anterior  cranial  fossa  for  lodgment  of  frontal  lobes 

of  cerebrum. 

38.  Cribriform  plate  of  ethmoid. 

39.  Crista  galli  of  ethmoid. 

40.  Foramen  caecum. 

41.  Crest  for  attachment  of  falx  cerebri. 
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three  fossos,  of  which  the  cerebrum  occupies  the  anterior  and  middle,  whilst  in  the 
posterior  is  lodged  the  cerebellum. 

The  anterior  fossa  is  defined  posteriorly  by  the  sharp  thin  edge  of  the  lesser 
wings  of  the  sphenoid,  which  curve  outwards  and  slightly  upwards  as  well  as  back- 
wards to  reach  the  region  of  the  pterion  externally.  The  floor  is  formed  from  before 
backwards,  in  the  middle  line,  by  the  upper  surface  of  the  ethmoid  and  the  fore 
part  of  the  body  of  the  sphenoid  ;  laterally  it  is  constituted  by  the  orbital  plates 
of  the  frontal  and  the  lesser  wings  of  the  sphenoid.  On  these  the  under 
surface  of  the  frontal  lobes  of  the  cerebrum  rests.  In  front  the  fossa  is  divided 
mesially  by  the  frontal  crest,  to  which  the  falx  cerebri  is  attached.  This  is  con- 
fluent below  with  tlie  fore  part  of  the  crista  galli,  from  which,  however,  it  is 
separated  by  the  foramen  csecum,  which  usually  transmits  a  small  vein  from  the 
nose.  On  either  side  of  the  crista  galli  there  are  grooves  which  vary  considerably 
in  depth  and  width :  therein  are  lodged  the  olfactory  lobes.  The  floor  and  sides  of 
the  groove  are  pierced  by  numerous  foramina  ;  of  these  the  largest  number  transmit 
the  olfactory  nerves  to  the  nasal  fossse.  In  front  an  elongated  slit,  placed  on 
either  side  of  the  crista,  affords  a  passage  to  the  nose  for  the  internal  nasal  nerve 
and  a  small  branch  of  the  anterior  ethmoidal  artery  which  accompanies  it.  To 
the  outer  side  of  the  olfactory  groove  and  the  cribriform  plate,  the  anterior 
fossae  communicate  on  either  side  by  means  of  the  two  ethmoidal  foramina  with 
the  cavities  of  the  orbits.  The  anterior  foramen  transmits  the  internal  nasal 
nerve  and  the  anterior  ethmoidal  artery ;  the  posterior  affords  passage  to  the 
posterior  ethmoidal  artery  and  the  small  spheno  -  ethmoidal  nerve  of  Luschka. 
External  to  the  olfactory  groove,  the  floor  of  the  fossa,  which  here  corresponds 
to  the  roof  of  the  orbit,  is  very  thin,  as  may  be  seen  by  holding  the  skull  up  to 
the  light ;  it  is  convex  from  side  to  side,  and  bears  the  impress  of  the  con- 
volutions of  the  under  surface  of  the  frontal  lobes  of  the  cerebrum  which  rest 
upon  it.  In  front  and  at  the  side  there  are  a  number  of  vascular  grooves  for 
the  branches  of  the  anterior  and  middle  meningeal  arteries  respectively. 

The  middle  fossa,  which  in  form  may  be  compared  to  the  wings  of  a  bird 
united  by  the  body,  is  bounded  in  front  by  the  curved  thin  posterior  edge  of  the 
lesser  wings  of  the  sphenoid  ;  posteriorly,  by  the  line  of  attachment  of  the  tentorium 
cerebelli,  extending  from  the  posterior  clinoid  process  along  the  superior  border  of 
the  petrous  portion  of  the  temporal  bone.  The  median  part  of  the  fossa,  which  is 
narrow,  corresponds  to  the  sella  turcica  and  the  olivary  eminence  of  the  sphenoid. 
It  is  limited  anteriorly  by  a  line  connecting  the  anterior  margins  of  the  two  optic 
foramina,  and  is  overhung  behind  by  the  dorsum  sellae.  In  this  area  are  lodged 
the  structures  which  lie  within  the  interpeduncular  space  on  the  base  of  the  brain. 
The  floor  of  the  lateral  parts  of  the  fossa  on  each  side  is  formed  by  the  great  wing 
of  the  sphenoid  in  front,  the  squamous  part  of  the  temporal  bone  to  the  outer  side, 
and  the  superior  surface  of  the  petrous  temporal  behind.  In  the  hollows  so  formed 
the  temporal  lobes  of  the  cerebrum  are  lodged.  On  either  side  of  the  oHvary 
eminence  are  seen  the  optic  foramina ;  these  pass  into  the  orbital  cavities  and 
transmit  the  optic  nerves  and  ophthalmic  arteries.  Immediately  behind  these 
openings  the  anterior  and  middle  cHnoid  processes  are  sometimes  united,  so  as  to 
enclose  a  foramen.  Through  this  the  internal  carotid  artery  passes  upwards. 
Leading  backwards  from  this,  along  the  side  of  the  body  of  the  sphenoid,  is  the 
carotid  groove,  which  turns  downwards  near  the  apex  of  the  petrous  temporal,  to 
become  continuous  with  the  carotid  canal,  which  here  opens  on  the  posterior  wall 
of  an  irregular  aperture,  placed  between  the  side  of  the  body  of  the  sphenoid  and 
the  summit  of  the  petrous  temporal,  called  the  foramen  lacerum  medium.  Through 
the  inner  angle  of  this  opening  the  carotid  artery  accompanied  by  its  plexus  of 
veins  and  sympathetic  nerves  passes  upwards.  Kunning  through  the  fibrous  tissue, 
which  in  life  blocks  up  this  opening,  the  large  superficial  petrosal  nerve  coming 
from  the  hiatus  Fallopii  passes  downwards  and  forwards  to  reach  the  posterior 
orifice  of  the  Vidian  canal,  which  is  placed  on  the  anterior  and  inferior  border  of 
the  foramen  lacerum  medium.  A  small  meningeal  branch  of  the  ascending 
pharyngeal  artery  also  passes  upwards  through  this  foramen.  In  front  and  to  the 
outer  side  of  the  foramen  lacerum,  and  separated  from  it  by  a  narrow  bar  of  bone. 
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is  the  foramen  ovale ;  through  this  pass  both  roots  of  the  inferior  maxillary  nerve, 
the  small  meningeal  artery,  and  some  emissary  veins.  A  little  external  and 
posterior  to  this  is  the  foramen  spinosum  for  the  transmission  of  the  middle 
meningeal  vessels,  together  with  a  recurrent  branch  from  the  inferior  maxillary 
nerve.  Leading  from  the  external  extremity  of  the  foramen  lacerum  there  is  a 
groove  which  passes  outwards,  backwards,  and  slightly  upwards  on  the  superior 
surface  of  the  petrous  temporal  to  end  in  the  hiatus  Fallopii  (a  cleft  opening  into 
the  aauseductus  Fallopii),  which  gives  passage  to  the  large  superficial  petrosal  branch 
from  the  geniculate  ganglion  on  the  seventh  nerve,  together  with  the  small  petrosal 
branch  of  the  middle  meningeal  artery.  Just  external  to  the  hiatus  Fallopii 
there  is  another  small  foramen  for  the  transmission  of  the  lesser  superficial 
petrosal  nerve.  Overhung  by  the  posterior  border  of  the  lesser  wing  of  the  sphenoid 
is  the  sphenoidal  fissure,  the  cleft  which  separates  the  lesser  from  the  great 
sphenoidal  wings,  and  which  opens  anteriorly  into  the  hollow  of  the  orbit ;  through 
this  pass  the  third,  fourth,  ophthalmic  division  of  the  fifth,  and  sixth  nerves, 
together  with  the  ophthalmic  veins  as  well  as  the  sympathetic  filament  to  the 
lenticular  ganglion.  Just  below  its  inner  extremity  is  the  foramen  rotundum  for 
the  passage  of  the  superior  maxillary  nerve  to  the  spheno-maxillary  fossa.  Behind 
this,  and  between  it  and  the  foramen  ovale,  the  foramen  Vesalii  may  occasionally 
be  seen,  through  which  a  vein  passes  to  reach  the  pterygoid  plexus. 

The  lateral  parts  of  the  middle  fossa  are  moulded  in  conformity  with  the 
convolutions  of  the  temporal  lobes,  but  towards  their  inner  sides  the  splitting  of 
the  dura  mater  in  the  region  of  the  cavernous  sinus  serves  to  separate  the  cranial 
base  from  the  under  surface  of  the  cerebrum.  As  may  be  seen  by  transmitted  light, 
the  floor  of  the  lateral  parts  of  the  fossa  is  thin  as  it  overlies  the  temporal, 
zygomatic,  and  glenoid  fossae.  The'grooves  for  the  lodgment  of  the  branches  of  the 
middle  meningeal  artery  leading  from  the  foramen  spinosum  are  readily  seen ;  one, 
coursing  backwards  a  little  below  the  line  of  the  squamoso-parietal  suture,  is 
specially  well  marked.  Amongst  other  features  may  be  noticed  the  depression  for 
the  lodgment  of  the  Gasserian  ganglion  overlying  the  summit  of  the  petrous 
temporal;  behind  and  to  the  outer  side  of  the  hiatus  Fallopii,  the  arcuate 
eminence,  indicating  the  position  of  the  superior  semicircular  canal ;  and  immediately 
anterior  and  slightly  to  the  outer  side  of  this  the  tegmen  tympani,  which  roofs  in 
the  cavity  of  the  tympanum,  the  thinness  of  which  can  readily  be  demonstrated 
if  light  be  allowed  to  fall  through  the  external  auditory  meatus. 

The  posterior  fossa  is  larger  and  deeper  than  the  others.  In  front  it  is  limited 
by  a  line  on  either  side  leading  backwards  and  outwards  ft'om  each  posterior  clinoid 
process  along  the  superior  border  of  the  petrous  part  of  the  temporal  bone,  where 
externally  and  posteriorly  it  becomes  confluent  with  the  superior  lip  of  the 
transverse  groove  for  the  lateral  sinus,  ending  posteriorly  in  the  middle  line  at 
the  internal  occipital  protuberance.  Along  the  line  thus  indicated  the  process  of 
dura  mater  called  the  tentorium  cerebelli,  which  roofs  in  the  posterior  fossa,  is 
attached.  The  floor  of  the  fossa,  in  which  the  cerebellar  lobes,  the  pons,  and 
medulla  are  lodged,  is  formed  by  the  petrous  and  mastoid  portions  of  the  temporal 
bone,  with  part  of  the  body  of  the  sphenoid  and  the  basilar  portion  of  the  occipital 
bone  wedged  in  between  them.  Above  the  mastoid  temporal  a  small  part  of  the 
posterior  inferior  angle  of  the  parietal  enters  into  the  constitution  of  the  outer 
wall  of  the  fossa.  Behind  and  within  these  the  lateral  parts  and  lower  portions  of 
the  squamous  occipital  complete  the  floor.  In  the  middle  line  the  floor  of  the  fossa 
is  pierced  by  the  foramen  magnum,  in  which  lies  the  lower  part  of  the  medulla, 
together  with  its  membranes,  and  through  which  pass  upwards  the  vertebral 
arteries  and  the  spinal  accessory  nerves.  On  either  side  of  the  foramen  magnum, 
and  a  little  in  front  of  a  transverse  line  passing  through  its  centre,  is  the  opening 
of  the  anterior  condylic  foramen  for  the  passage  of  the  hypoglossal  nerve,  a  small 
meningeal  branch  from  the  ascending  pharyngeal  artery  and  an  emissary  vein. 
Overhanging  the  opening  of  the  anterior  condylic  foramen  there  is  a  thickened 
rounded  bridge  of  bone,  to  the  outer  side  of  which  is  placed  the  irregular  opening  of 
the  jugular  foramen  (foramen  lacerum  posterius).  The  size  of  this  is  apt  to  vary  on 
the  two  sides,  and  the  lumen  is  frequently  subdivided  by  a  spicule  of  bone  which 
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runs  across  it ;  the  posterior  and  external  rounded  part  of  the  foramen  is  occupied 
by  the  lateral  sinus,  which  here  joins  the  internal  jugular  vein.  A  meningeal 
branch  from  the  ascending  pharyngeal  or  occipital  artery  also  enters  the  skull 
through  this  compartment.  The  fore  and  internal  part  of  the  foramen  is  confluent 
with  the  groove  for  the  inferior  petrosal  sinus,  which  turns  downwards  in  front  of 
the  spicule  above  referred  to.  The  interval  between  the  portions  of  the  foramen 
occupied  by  the  two  veins  allows  of  the  transmission  of  the  glosso-pharyngeal, 
vagus,  and  spinal  accessory  nerves  in  order  from  before  backwards.  About  a  quarter 
of  an  inch  above  and  to  the  outer  side  of  the  fore  paTt  of  the  foramen  jugulare  the 
posterior  surface  of  the  petrous  portion  of  the  temporal  bone  is  pierced  by  the 
internal  auditory  meatus,  through  which  the  facial  and  auditory  nerves,  together 
with  the  pars  intermedia  of  Wrisberg,  and  the  auditory  branch  of  the  basilar  artery 
leave  the  cranial  cavity.  Behind  the  jugular  foramen  and  close  to  the  margin  of 
the  foramen  magnum  the  opening  of  the  posterior  condylic  foramen,  when  present, 
may  be  seen.  This  gives  passage  to  a  vein  which  joins  the  vertebral  vein 
inferiorly.  The  internal  aperture  of  the  mastoid  foramen  is  noticed  opening  into 
the  groove  for  the  lateral  sinus,  a  little  below  the  level  of  the  superior  border  of  the 
petrous  temporal.  Through  it  passes  an  emissary  vein  which  joins  the  occipital 
vein  externally ;  the  mastoid  branch  of  the  occipital  artery  also  enters  the  cranial 
cavity  through  this  foramen. 

The  posterior  fossa  is  divided  into  two  halves  posteriorly  by  the  internal  occipital 
crest,  to  which  the  falx  cerebelli  is  attached,  the  floors  of  the  hollows  on  either  side 
of  which  are  often  exceedingly  thin  and  are  for  the  lodgment  of  the  lateral  lobes  of 
the  cerebellum.  The  grooves  for  the  following  blood  sinuses  are  usually  distinct — 
the  superior  petrosal  running  along  the  superior  border  of  the  petrous  temporal ; 
the  inferior  petrosal  lying  along  the  line  of  suture  between  the  petrous  temporal 
and  basilar  process  of  the  occipital  bone ;  the  occipital  sinus  grooving  the  internal 
occipital  crest ;  and  the  lateral  sinus  curving  forwards  and  outwards  from  the 
internal  occipital  protuberance,  across  the  internal  surface  of  the  squamous 
occipital,  to  reach  the  posterior  inferior  angle  of  tlie  parietal  bone,  in  front  of  which 
it  turns  downwards  and  inwards  to  reach  the  jugular  foramen,  describing  a  sigmoid 
curve,  and  grooving  deeply  the  inner  surface  of  the  mastoid  and  posterior  aspect  of 
the  petrous  portions  of  the  temporal  bone.  Before  it  terminates  at  the  jugular 
foramen  it  again  reaches  the  occipital  bone  and  channels  the  upper  surface  of  the 
jugular  process  of  that  bone.  Slight  grooves  for  meningeal  arteries  are  also  seen — 
some  pass  upwards,  whilst  others  turn  downwards  and  are  occupied  by  branches 
from  the  posterior  offsets  of  the  middle  meningeal  arteries. 

Mesial  Sagittal  Section  of  the  Skull. 

Such  a  section  should  be  made  a  little  to  one  or  other  side  of  the  mesial  plane, 
so  as  to  pass  through  the  nasal  fossse  lateral  to  the  septum ;  one  half  will  then 
display  the  nasal  septum  in  position,  whilst  in  the  other  the  outer  wall  of  the 
nasal  fossa  of  that  side  will  be  exposed. 

The  form  of  the  cranial  cavity  is  of  course  sul)ject  to  many  variations  dependent 
on  individual  and  racial  peculiarities.  Tlie  following  details  are,  however,  worthy 
of  note.  The  hinder  border  of  the  foramen  magnum  (opisthion),  and  consequently 
the  floor  of  the  posterior  cranial  fossa  occupies  the  same  horizontal  plane  as  the 
hard  palate.  The  anterior  bordej  of  the  foramen  magnum  (basion)  lies  a  little 
higher,  so  that  the  plane  of  the  foramen  is,  in  the  higher  races  at  least,  oblique,  and 
is  directed  downwards  and  slightly  forwards.  From  the  basion,  a  line  passing 
upwards  and  forwards  to  reach  the  suture  between  the  sphenoid  and  ethmoid 
passes  through  the  basicranial  axis  formed  by  the  basioccipital,  the  basisphenoid, 
and  the  presphenoid.  The  basicranial  axis  is  w^edge-shaped  on  section  posteriorly, 
whilst  anteriorly  it  is  of  considerable  width,  and  has  within  it  the  large  sphenoidal 
air  sinus.  Its  upper  surface  leads  upwards  and  forwards  with  a  varying  degree  of 
obliquity  from  the  Ijasion  to  the  overhanging  edge  of  the  dorsum  sellfe,  in  front  of 
which  the  pituitary  fossa,  the  floor  of  which  is  quite  thin,  is  well  seen  in  the 
section. 
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From  the  olivary  eminence  the  floor  of  the  anterior  fossa  follows  a  more  or  less 
horizontal  direction,  corresponding  pretty  closely  to  the  level  of  the  axis  of  the  orbital 
cavity.  The  roof  of  the  orbit  is  seen  to  bulge  upwards  to  a  considerable  extent  into  the 
floor  of  the  anterior  fossa  ;  whilst  the  floor  of  the  middle  fossa  sinks  to  a  level  corresponding 
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Fig.  118. — Inner  Aspect  of  Left  Half  of  Skull  sagittallt  divided. 


1.  Suture  between  parietal  and  temporal  bones.  24. 

2.  Remains  of  the  subarcuate  fossa.  25. 

3.  Grooves  for  branches  of  the  middle  meningeal  26. 

artery.  27. 

4.  Dorsum  sellfe.                                            -  28. 

5.  Pituitary  fossa.  29. 

6.  Anterior  olinoid  fossa. 

7.  Optic  foramen.  30. 

8.  Sphenoidal  sinus.  31. 

9.  Nasal  surface  of  superior  turbinated  bone.  32. 

10.  Cribriform  plate  of  ethmoid.  33. 

11.  Nasal  surface  of  middle  turbinated  bone. 

12.  Frontal  sinus.  34. 

13.  Nasal  spine  of  frontal.  35. 

14.  Nasal  bone.  36. 

15.  Nasal  process  of  superior  maxilla.  37. 

16.  Middle  meatus  of  nose. 

17.  Directed  towards  opening  of  antrum.  38. 

18.  Nasal  surface  of  inferior  turbinated  bone.  39. 

19.  Inferior  meatus  of  nose.  40. 

20.  Anterior  nasal  spine. 

21.  Anterior  palatine  canal.  41. 

22.  Palatal  process  of  superior  maxilla.  42. 

23.  Palatal  process  of  palate  bone. 


Posterior  nasal  spine. 

Hamular  process  of  internal  pterygoid  plate. 
External  pterygoid  plate. 
Superior  meatus  of  nose. 
Spheno-palatiue  foramen. 

Pterygo  -  spinous    ligament    almost  completely 

ossified  to  enclose  a  foramen. 
Styloid  process  of  temporal  bone. 
Alar  spine  of  sphenoid. 
Mastoiil  process. 

Basion  (mid-point  of  anterior  border  of  foramen 

magnum). 
Internal  auditory  meatus. 
Anterior  condylic  foramen. 
Leading  into  jugular  foramen. 
Opisthion    (mid -point  of    posterior  border  of 

foramen  magnum). 
Groove  for  sigmoid  sinus. 
Opening  of  mastoid  foramen. 
For  lateral  sinus  and  attachment  of  tentorium 

cerebelli. 

Fossa  for  lodgment  of  cerebellar  hemisphere. 
Internal  occipital  protuberance. 


to  that  of  the  under  surface  of  the  basicranial  axis,  where  it  forms  the  roof  of  the  posterior 
nares.  The  maximum  length  of  the  skull  is  measured  from  the  glabella  (a  point  between 
the  superciliary  ridges)  to  the  occipital  point  posteriorly.  It  is  noteworthy  that  the 
maximum  occipital  point  does  not  necessarily  correspond  to  the  external  occipital  pro- 
tuberance (inion).  The  greatest  vertical  height  usually  corresponds  to  the  distance  from 
the  basion  to  the  bregma  (point  of  union  of  the  sagittal  with  the  coronal  suture),  though 
11a 


168 


OSTEOLOGY. 


to  this  rule  there  are  many  exceptions.  On  looking  into  the  posterior  fossa  the  anterior 
condylic  and  jugular  foramina  and  the  internal  auditory  meatus  are  seen  in  line,  sloping 
from  below  upwards.  The  internal  auditory  meatus  lies  in  a  vertical  plane,  passing 
through  the  basion.  The  grooves  for  the  middle  meningeal  artery  and  its  branches  are 
very  obvious.  The  anterior  groove  curves  forwards  and  outwards,  and  reaching  the  inner 
surface  of  the  pterion,  jjasses  towards  the  vertex  at  a  variable  distance  behind  and  more 
or  less  parallel  to  the  coronal  suture.  From  this,  grooves  pass  forwards  across  the  suture 
to  reach  the  frontal  bone.  Another  groove  curves  upwards  and  backwards  a  little  below 
the  line  of  the  parieto-squamosal  suture.  From  this,  an  upwardly-dii'ectcd  branch 
radiates  on  the  inner  surface  of  the  parietal  bone,  in  the  region  of  the  parietal  eminence, 
whilst  a  lower  branch  passes  backwards  some  little  distance  above  the  lambdoid  suture, 
and  gives  offsets  which  curve  downwards  and  inwards  over  the  inner  surface  of  the 
squamous  portion  of  the  occipital  bone. 

Nasal  Fossae. — In  the  section  through  the  nasal  fossa  the  structures  which  form 
its  outer  wall  can  now  be  studied.  These  are — the  nasal  bone  ;  the  nasal  process  of 
the  superior  maxilla  ;  the  lachrymal  bone  ;  the  lateral  mass  of  the  ethmoid,  compris- 
ing the  superior  and  middle  turljinated  bones  ;  the  vertical  plate  of  the  palate  bone  ; 
the  inferior  turbinated  boue  ;  and  the  mesial  surface  of  the  internal  pterygoid  plate. 
The  roof  as  seen  in  the  section  is  formed  by  the  nasal  and  frontal  bones,  the  cribri- 
form plate  of  the  ethmoid,  the  body  of  the  sphenoid  and  the  sphenoidal  turbinals, 
the  sphenoidal  process  of  the  palate  and  the  ala  of  the  vomer.  The  floor,  which  is 
nearly  horizontal  from  before  backwards,  is  formed  by  the  palatal  processes  of  the 
superior  maxilla  and  palate  bones.  On  sagittal  section  the  nasal  fossa  appears 
somewhat  triangular  in  shape  with  the  angles  cut  off ;  the  base  corresponds  to  the 
floor ;  the  anterior  and  posterior  nares  to  the  truncated  anterior  and  posterior 
angles  respectively ;  the  superior  angle  is  cut  off  by  the  cribriform  plate  ;  whilst  the 
sides  correspond  to  the  frontal  and  nasal  bones  anteriorly,  and  the  sphenoidal 
turbinals,  sphenoidal  process  of  the  palate,  and  the  ala  of  the  vomer  posteriorly. 
The  cavity  is  therefore  deep  towards  its  middle,  but  gradually  becomes  shallower  in 
front  and  behind  where  the  openings  of  the  nares  are  situated.  The  opening  of 
the  anterior  naris,  which  is  of  half-heart  shape,  is  larger  than  that  of  the  posterior 
naris,  and  is  directed  forwards  and  downwards ;  the  opening  of  the  posterior  is 
of  rhomboidal  form,  and  slopes  backwards  and  downwards.  The  inferior  meatus  is 
the  channel  which  is  overhung  by  the  inferior  turbinated  bone,  and  its  floor  is 
formed  by  the  side-to-side  concavity  of  the  upper  surface  of  the  hard  palate. 
Opening  into  it  above,  under  cover  of  the  fore  part  of  the  inferior  turbinated  bone, 
is  the  canal  for  the  nasal  duct ;  whilst  its  floor  is  pierced  in  front  near  the  middle 
line  by  the  anterior  palatine  canal.  The  middle  meatus  is  the  hollow  between  the 
middle  and  inferior  turbinated  bones  ;  it  slopes  from  above  downwards  and  back- 
wards, and  is  overhung  by  the  free  curved  edge  of  the  middle  turbinal,  beneath 
which  there  is  a  passage  called  the  infundibulum,  leading  upwards  and  forwards  to 
open  superiorly  into  the  frontal  sinus,  as  well  as  into  some  of  the  anterior  ethmoidal 
cells.  Under  cover  of  the  centre  of  the  middle  turbinated  bone  there  is  an  irregular 
opening  leading  into  the  maxillary  sinus  or  antrum  of  Highmore,  and  there 
are  frequently  independent  openings  for  the  middle  and  some  of  the  anterior 
ethmoidal  cells.  The  superior  meatus,  about  half  the  length  of  the  middle  meatus, 
is  placed  between  the  superior  and  middle  turbinated  bones  in  the  back  and  upper 
part  of  the  fossa ;  it  receives  the  openings  of  the  posterior  ethmoidal  cells.  Near 
its  posterior  extremity  the  spheno-palatine  foramen  pierces  its  outer  wall,  and  brings 
it  in  relation  with  the  spheno-maxillary  fossa.  The  sphenoidal  sinus  opens  on  the 
roof  of  the  nose,  above  the  level  of  the  superior  turbinated  bone,  into  a  depression 
called  the  spheno-ethmoidal  recess. 

Nasal  Septum. — If  the  opposite  half  of  the  section  in  which  the  osseous  nasal 
septum  is  retained  be  now  studied,  it  will  be  seen  to  be  formed  by  the  crests  of  the 
superior  maxillary  and  palate  bones  below,  on  which  rests  the  vomer,  the  posterior 
border  of  which  being  free,  forms  the  posterior  edge  of  the  nasal  septum,  which 
slopes  obliquely  upwards  and  backwards  towards  the  under  surface  of  the  body  of 
the  sphenoid.  Here  the  vomer  articulates  with  the  rostrum  of  the  sphenoid.  In 
front  of  this  the  vomer  articulates  with  the  perpendicular  plate  of  tlie  ethmoid, 
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between  which  anteriorly  there  is  au  angular  recess  into  which  the  cartilaginous 
septum  fits.  Superiorly  and  anteriorly  the  osseous  septum  is  completed  by  the 
articulation  of  the  perpen- 
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Fig.  119. — Nasal  Septum  as  seen  from  the  Left  Side. 


dicular  plate  of  the  ethmoid 
with  the  nasal  process  of 
the  frontal,  together  with 
the  nasal  crest  formed  by 
the  union  of  the  nasal  bones; 
whilst  posteriorly  and  superi- 
orly the  perpendicular  plate 
of  the  ethmoid  articulates 
with  the  mesial  ethmoidal 
crest  of  the  sphenoid.  In 
most  instances  the  osseous 
septum  is  not  perfectly 
vertical,  but  is  deflected 
towards  one  or  other  side. 

Air-sinuses  in  connex- 
ion with  the  Nasal  Fossae. 
— Connected  with  the  nasal 
fossae  are  a  number  of  air- 
sinuses.  These  are  found 
within  the  body  of  the 
sphenoid,  the  lateral  mass 
of  the  ethmoid,  the  orbital 
process  of  the  palate  bone, 
the  body  of  the  superior 
maxilla,  and  the  superciliary 
arch  of  the  frontal  bone. 

The  sphenoidal  sinus,  of  variable  size,  occupies  the  interior  of  the  body  of  the 
sphenoid.  In  some  cases  it  extends  towards  the  roots  of  the  pterygoid  processes. 
In  front  it  is  formed  in  part  by  the  absorption  of  the  sphenoidal  spongy  bones,  and 
is  divided  up  into  two  cavities  by  a  sagittally-placed  partition,  which,  however,  is 
frequently  displaced  to  one  or  other  side.  It  opens  anteriorly  into  the  roof  of  the 
nose  in  the  region  of  the  spheno-ethmoidal  recess. 

The  ethmoidal  sinuses  are  placed  between  the  lateral  aspects  of  the  upper  part 
of  the  nasal  fossae,  and  the  cavities  of  the  orbit,  from  which  they  are  separated  by 
thin  and  papery  walls.  These  air  spaces  are  completed  by  the  articulation  of  the 
ethmoid  with  the  superior  maxilla,  lachrymal,  frontal  sphenoid,  and  palate  bones, 
and  are  divided  into  three  groups — an  anterior,  middle,  and  posterior.  The  latter 
communicates  with  the  superior  meatus ;  the  anterior  and  middle  open  either  inde- 
pendently or  in  conjunction  with  the  infundibulum  into  the  middle  meatus. 

The  sinus  in  the  orbital  process  of  the  palate  bone  either  communicates  with 
the  sphenoidal  sinus,  or  else  assists  in  closing  in  some  of  the  posterior  ethmoidal 
cells.    Its  communication  with  the  nasal  fossa  is  through  one  or  other  of  these  spaces. 

The  maxillary  sinus  or  antrum  of  Highmore  lies  to  the  outer  side  of  the  nasal 
fossEe,  occupying  the  body  of  the  superior  maxilla.  Its  walls,  which  are  relatively 
thin,  are  directed  upwards  to  the  orbit,  forwards  to  the  face,  backwards  to  the 
zygomatic  and  spheno-maxillary  fossa,  and  inwards  to  the  nose.  In  the  latter 
situation  the  vertical  plate  of  the  palate  bone,  the  uncinate  process  of  the  ethmoid, 
the  maxillary  process  of  the  inferior  turbinated  bone,  and  a  small  part  of  the  lach- 
rymal bone  assist  in  the  formation  of  the  thin  osseous  partition  which  separates  it 
from  the  nasal  fossa.  The  floor  corresponds  to  the  alveolar  border  of  the  jaw,  and 
differs  from  the  other  walls  in  being  stout  and  thick  ;  it  is,  however,  deeply  pitted 
inferiorly  by  the  alveoli  for  the  teeth.  The  antrum  opens  by  a  narrow  orifice  into 
the  middle  meatus. 

The  frontal  sinuses  lie,  one  on  either  side,  between  the  inner  and  outer  tables  of 
the  frontal  bone  over  the  root  of  the  nose,  and  extend  outwards  under  the  super- 
ciliary arches.    The  partition  which  separates  them  is  usually  central,  though  it 
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may  be  deflected  to  one  or  other  side.  They  communicate  with  the  nose  through 
a  passage  called  the  infundibulum,  which  opens  inferiorly  into  the  fore  part  of  the 
middle  meatus. 

The  fact  should  not  l)e  overlooked  that  the  air  spaces  within  the  temporal 
bone,  viz.  the  tym])anic  cavity  and  the  mastoid  air  cells,  are  brought  into  com- 
munication with  the  naso-pharynx  tlirough  the  Eustachian  tubes.  For  further 
details  regarding  the  air-sinuses  and  the  mode  of  their  growth,  consult  the  descrip- 
tion of  the  individual  bones. 


Coronal  Sections. 


The  relations  of  many  parts  of  the  cranium  are  well  displayed  in  a  series  of  coronal 
sections. 

By  sawing  off  a  thin  slice  from  the  front  of  the  lower  part  of  the  frontal  bone 
above,  and  caiTying  the  section  downwards  through  the  inner  wall  of  the  orbit  and 


Fig.  120.- 


-Part  of  the  Fkontal.  Nasal,  and  Superior  Maxillary  Bones  removed  in  order  to 

DISPLAY  THE  RELATION  OP  THE  VARIOUS  CaVITIES  EXPOSED. 


1.  Frontal  sinus. 

2.  Septum  of  frontal  sinus  detiected  towards  the  right. 

3.  InfuudibuluMi  leading  from  sinus  to  middle  meatus. 

4.  Anterior  ethmoidal  air  sinuses. 

5.  Middle  turbinated  bone. 

6.  Red  line  in  upper  part  of  osseous  canal  for  nasal 

duct,  laid  open  tliroughout  its  entire  length  on 
the  right  side. 


7.  Cavity  of  antrum  laid  open. 

8.  Middle  meatus  of  nose. 

9.  Inferior  meatus  of  nose. 

10.  Inferior  turbinated  bone. 

11.  Nasal  septum. 

12.  Canal  for  nasal  duct  laid  open  throughout  its 

entire  length. 

13.  Anterior  nasal  spine. 


the  nasal  process  of  the  superior  maxilla,  into  the  anterior  nares  below,  a  number  of  im- 
portant relations  are  revealed  (see  Fig.  120).  In  the  frontal  region  the  extent  and 
arrangement  of  the  frontal  sinuses  are  displayed.  The  partition  between  the  two  sinuses, 
be  it  noted,  is  usually  complete  and  central  in  position,  though  it  may  occasionally  be 
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perforated  or  oblique.  The  sinuses  are  hardly  ever  symmetrical,  the  right  being 
usually  the  smaller  of  the  two  (Logan  Turner,  Edin.  Med.  Journ.  1898). 

The  infundibulum  on  either  side,  leading  from  the  frontal  sinus  above  to  the  middle 
meatus  below,  is  seen  with  the 
middle  turbinated  bone  internal 
to  it,  and  the  anterior  ethmoidal 
cells  to  its  outer  side  above.  If 
the  section  passes  through  the 
canal  for  the  nasal  duct  the  con- 
tinuity of  that  channel  leading 
from  the  orbit  above  to  the 
inferior  meatus  of  the  nose  below 
is  clearly  shown.  Its  inner  wall 
above,  by  which  it  is  separated 
from  the  cavity  of  the  nose,  is 
formed  by  the  thin  lachrymal 
bone ;  below,  it  passes  under 
cover  of  the  inferior  turbinated 
bone  to  open  into  the  fore  part 
of  the  inferior  meatus.  It  is 
separated  from  the  antrum  ex- 
ternally by  a  thin  lamina  of  bone. 
The  cavity  of  the  antrum  is  seen 
to  extend  upwards  and  forwards 
so  as  to  pass  over  the  outer  side 
as  well  as  slightly  in  front  of  the 
canal  for  the  nasal  duct. 

The  lower  margins  of  the 
middle  turbinated  bones  lie  pretty 
nearly  on  a  level  with  the  most 
dependent  parts  of  the  orbital 
margins,  whilst  the  lower  borders 
of  the  inferior  turbinals  are 
placed  a  little  above  the  lower 
margin  of  the  anterior  nares  on 
a  level  with  the  lowest  point  of 
the  malo-maxillary  suture. 

Such  a  section  will  reveal  any 
deflection  of  the  nasal  septum 
should  it  exist,  and  will  also  show 
that  but  a  narrow  cleft  separates 
the  upper  part  of  the  septum,  on 
either  side,  from  the  inner  surface 
of  the  superior  turbinals. 

The  next  section  (Fig.  121) 
passes  through  the  fore  part  of 
the  temporal  fossa  just  behind 
the  external  angular  process  of 
the  frontal  bone  above  ;  inferiorly 
it  passes  through  the  alveolar 
process  of  the  upper  jaw  in  the 
interval  between  the  first  and 
second  molar  teeth.  The  cranial, 
orbital,  nasal,  and  maxillary 
cavities  are  all  exposed,  together 
with  the  roof  of  the  mouth. 

The  anterior  cranial  fossa  is 
deepest  in  its  centre,  where  its 
floor  is  formed  by  the  cribriform 
plate  of  the  ethmoid ;  this  corresponds  to  the  level  of  the  fronto-malar  suture 
externally.  On  either  side  the  floor  of  the  fossa  bulges  upwards,  owing  to  the  arching  of 
the  roof  of  the  orbit.  Of  the  orbital  walls,  the  external  is  the  thickest  and  stoutest ; 
the  superior,  internal,  and  inferior  walls,  which  separate  the  orbit  from  the  cranial  cavity,  the 
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Fig.  121. — Coronal  Section  passing  inferiorly  through 
Interval  between  First  and  Second  Molar  Teeth. 

loiisi-    12.  Frouto-malar  suture. 


Groove  for  superior 
tudiual  sinus. 

2.  Crest  for  attaclinient  of  falx 

cerebri. 

3.  Crista  galli  of  ethmoid. 

4.  Cribriform  plate  of  etlimoid. 

5.  Perpendicular  plate  of  eth- 

moid, assisting  in  the  forma- 
tion of  nasal  septum. 

6.  Lateral  mass  of  ethmoid  con- 

sisting of  tlieetlimoidal  cells. 

7.  Os  planum  of  ethmoid. 

8.  Middle  meatus  of  nose. 
Middle  turbinated  bone. 
Opening  from  middle  meatus 

into  antrum. 
Orbital    plate    of  superior 
maxilla. 


9. 
10. 

11. 


13.  Infraorbital  groove. 

14.  Antrnm  or  maxillary  sinus. 

15.  Canal  for  the  anterior  dental 

nerve  and  vessels  exposed. 

16.  Inferior  turbinated  bone. 

17.  Inferior  meatus  of  nose. 

18.  Alveolar  process  of  superior 

maxilla. 

19.  Groove  for  anterior  palatine 

nerve  and  vessels. 

20.  Palatal  process  of  superior 

maxilla. 
Maxillary  crest  forming  part 

of  nasal  septum. 
Vomer  forming  part  of  nasal 
septum. 
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ethmoidal  cells,  and  the  antrum,  respectively,  are  all  thin.  The  cavity  of  the  maxillary 
sinus  lying  to  the  outer  side  of  the  nasal  fosste  is  well  seen.  Its  roof,  wliich  separates  it 
from  the  orbital  cavity,  is  thin  and  traversed  by  the  infraorbital  canal.  Its  inner  wall,  with 
which  the  inferior  turbinal  articulates,  is  very  slender,  and  forms  the  outer  walls  of  both 
the  middle  and  inferior  meatuses  of  the  nose.  Its  outer  wall  is  stouter  where  it  arches 
up  to  bracket  the  zygomatic  or  malar  process.  Its  floor,  which  rests  upon  the  upper 
surface  of  the  alveolar  border  of  the  upper  jaw,  sinlfs  below  the  level  of  the  hard  palate. 
The  fangs  of  the  teeth  sometimes  project  into  the  floor  of  the  cavity. 

The  nasal  fossse  are  narrow  above,  where  they  lie  between  the  orbital  cavities,  from 
which  they  are  separated  by  the  cells  within  the  lateral  mass  of  the  ethmoid.  The  roof 
which  corresponds  to  the  cribriform  plate  is  narrow,  and  lies  between  the  septum  mesially 
and  the  lateral  masses  on  either  side. 

At  the  level  of  the  orbital  floor  the  nasal  fossas  expand  laterally,  the  middle  meatus 
running  longitudinally  in  the  angle  formed  by  the  lateral  mass  of  the  ethmoid  with  the 
body  of  the  superior  maxilla,  overhung  by  the  middle  turbinated  bone.  This  channel  is 
seen  to  have  the  ethmoidal  cells  superior  to  it,  the  orbital  cavity  above  and  to  the  outer 
side,  the  antrum  externally,  whilst  its  floor  is  formed  by  the  upper  surface  of  the  inferior 
turbinated  bone. 

The  inferior  meatus,  much  more  roomy,  runs  along  under  cover  of  the  inferior 
turbinated  bone.  Externally  it  is  related  to  the  antrum,  whilst  its  floor  is  formed  by  the 
concave  superior  surface  of  the  hard  palate. 

The  hard  palate  is  arched  below,  whilst  its  superior  surface  is  concave  upwards  on 
either  side  of  the  median  crest  which  supports  the  nasal  septum.  The  sides  of  the  arch 
below  correspond  to  the  inner  surfaces  of  the  alveolar  processes  and  fall  in  line  with  the 
outer  walls  of  the  nasal  fossae  superiorly.  The  summit  of  the  arch  lies  a  quarter  of  an  inch 
above  the  level  of  the  floor  of  the  antrum. 


SEXUAL  DIFFERENCES  IN  THE  SKULL. 

Whilst  it  is  a  matter  of  difficulty,  in  all  cases,  to  determine  with  certainty  the  sex  of 
a  skull,  the  following  points  of  difference  are  usually  fairly  characteristic.  The  female  skull 
is,  as  a  rule,  smaller  than  the  male.  In  point  of  cranial  capacity  it  averages  about  a  tenth 
less  than  the  male  of  corresponding  race.  It  is  lighter,  smoother  as  regards  the  develop- 
ment of  its  muscular  ridges,  and  possesses  less  pi'ominent  mastoid  processes.  In  the  frontal 
region,  the  superciliary  ridges  are  less  pronounced,  and  this  imparts  a  thinness  and  sharp- 
ness to  the  upper  orbital  margin,  which  is  fairly  characteristic,  and  can  best  be  appre- 
ciated by  running  the  finger  along  that  edge  of  bone.  For  the  same  reason,  the  forehead 
appears  more  vertical  and  the  projections  of  the  frontal  eminences  more  outstanding,  though 
it  is  stated  that  the  frontal  and  occipital  regions  are  less  capacious  proportionately  than  in 
the  male.  The  vertex  in  the  female  is  said  to  be  more  flattened,  and  the  height  of  the  skull 
consequently  somewhat  reduced.  In  man  the  edge  of  the  tympanic  plate  is  generally 
sharp,  and  divides  to  form  the  sheath  of  the  styloid  process,  whilst  in  the  female  the 
corresponding  border  is  stated  to  be  rounder  and  more  tubercular. 

Whilst  it  is  true  that  no  one  of  these  differences  is  sufficiently  characteristic  to  enable 
us  to  pronounce  with  certainty  on  the  matter  of  sex,  it  is  the  case  that,  taken  together, 
they  usually  justify  us  in  arriving  at  a  conclusion  which,  as  a  rule,  may  be  regarded  as 
fairly  accurate.  In  some  instances,  however,  it  is  impossible  to  express  any  definite 
opinion. 

DIFFERENCES  DUE  TO  AGE. 

At  birth  the  face  is  proportionately  small  as  compared  with  the  cranium,  constituting 
about  one-eighth  of  the  bulk  of  the  latter.  In  the  adult  the  face  equals  at  least  half  the 
cranium.  About  the  age  of  puberty  the  development  and  expansion  of  some  of  the  air- 
sinuses,  more  particulaidy  the  frontal  sinus,  lead  to  characteristic  differences  in  head  and 
face  form. 

The  eruption  of  the  teeth  in  early  life  and  adolescence  enables  us  to  determine  the 
age  with  fair  accuracy.  After  the  completion  of  the  permanent  dentition,  the  wear  of  the 
teeth  may  assist  us  in  hazarding  an  approximate  statement.  The  condition  of  the  sutures, 
too,  may  guide  us,  synostosis  of  the  coronal  and  sagittal  sutures  not  as  a  rule  taking  place 
till  late  in  life.  Complete  obliteration  of  the  synchondrosis  between  the  occipital  bone 
and  sphenoid  may  be  regarded  as  an  indication  of  maturity.  In  old  age  the  skull 
usually  becomes  lighter  and  the  cranial  bones  thinner.    The  alveolar  borders  of  the 
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superior  and  inferior  maxillae  become  absorbed  owing  to  the  loss  of  the  teeth.  This  gives 
rise  to  a  flattening  of  the  vault  of  the  hard  palate  and  an  alteration  in  the  form  of  the 
lower  jaw,  whereby  the  mandibular  angle  becomes  more  obtuse. 


CRANIOLOGY. 

The  various  groups  of  mankind  display  in  their  physical  attributes  certain  features  which  are 
more  or  less  characteristic  of  tlie  stock  to  which  they  belong.  Craniology  deals  with  these 
differences  so  far  as  they  affect  the  skull.  The  method  whereby  these  differences  are  recorded 
involves  the  accurate  measurement  of  the  skull  in  most  of  its  details.  Such  procedure  is  included 
under  the  term  craniometry.  Here  only  the  outlines  of  the  subject  are  briefly  referred  to  ; 
for  such  as  desire  fuller  information  on  tlie  subject,  the  works  of  Broca,  Toj)inard,  Flower,  and 
Turner  may  be  consulted. 

The  races  of  man  display  great  variations  in  regard  to  the  size  of  the  skull.  Apart  altogether 
from  individual  differences  and  the  proportion  of  head-size  to  body-height,  it  may  be  generally 
assumed  that  the  size  of  the  skull  in  the  more  highly  civilised  races  is  much  in  excess  of  that 
displayed  in  lower  types.  The  size  of  the  head  is  intimately  correlated  with  the  develop- 
ment of  the  brain.  By  measuring  the  capacity  of  that  part  of  the  skull  occupied  by  the 
encephalon,  we  are  enabled  to  form  some  estimate  of  the  size  of  the  brain.  The  cranial  capacity 
is  determined  by  filling  the  cranial  cavity  with  some  suitable  material  and  then  taking  the 
cubage  of  its  contents.  Various  methods  are  employed,  each  of  which  has  its  advantage.  The  use 
of  fluids,  which  of  course  would  be  the  most  accurate,  is  rendered  impracticable,  without  sjDecial 
precautions,  owing  to  the  fact  that  the  macerated  skull  is  pierced  by  so  many  foramina.  As  a 
matter  of  practice,  it  is  found  that  leaden  shot,  glass  beads,  or  seeds  of  various  sorts  are  the  most 
serviceable.  The  results  obtained  display  a  considerable  range  of  variation.  For  purposes  of 
classification  and  comparison,  skulls  are  grouped  according  to  their  cranial  capacity  into  the 
following  varieties : — 

Microcephalic  skulls  are  those  with  a  capacity  below  1350  c.c,  and  include  such  well-known 
races  as  Andamanese,  Veddahs,  Australians,  Bushmen,  Tasmanians,  etc. 

Mesocephalic  skulls  range  from  1350  c.c.  to  1450  c.c,  and  embrace  examples  of  the  following 
varieties  :  American  Indians,  Chinese,  some  African  Negroes. 

Megacephalic  skulls  are  those  with  a  capacity  over  1450  c.c,  and  are  most  commonly  met 
with  in  the  more  highly  civilised  races  :  Mixed  Europeans,  Japanese,  Eskimo,  etc. 

Apart  from  its  size,  the  form  of  the  cranium  has  been  regarded  as  an  important  factor  in  the 
classification  of  skulls ;  though  whether  these  differences  in  shaj)e  have  not  been  unduly  em- 
phasised in  the  past  is  open  to  question. 

The  relation  of  the  breadth  to  the  length  of  the  skull  is  expressed  by  means  of  the  cephalic 
index  which  records  the  proportion  of  the  maximum  breadth  to  the  maximum  length  of  the 
skull,  assuming  the  latter  equal  100,  or — 

Max.length  xl00^^,^^j^^^^  .^^^^ 

Max.  breadth 

The  results  are  classified  into  three  groups  : — 

1.  Dolichocephalic,  with  an  index  below  75  :  Australians,  Kaffirs,  Zulus,  Eskimo,  Fijians. 

2.  Mesaticephalic,  ranging  from  75  to  80  :  Europeans  (mixed),  Chinese,  Polynesians  (mixed). 

3.  Brachycephalic,  with  an  index  over  80  :  Malays,  Burmese,  American  Indians,  Anda- 

manese. 

In  order  to  provide  for  uniformity  in  the  results  of  different  observers,  some  system  is  neces- 
sary by  which  the  various  points  from  which  the  measurements  are  taken  must  corresjjond. 
Whilst  there  is  much  difference  in  the  value  of  the  measurements  insisted  on  by  individual 
anatomists,  all  agree  in  endeavouring  to  select  such  points  on  the  skull  as  may  be  readily  deter- 
mined, and  which  have  a  fairly  fixed  anatomical  position.  The  more  important  of  these  "  fixed 
points  "  are  included  in  the  subjoined  table  : — 

Nasion. — The  middle  of  the  naso-frontal  suture. 

Glabella.— A  point  midway  between  the  two  superciliary  ridges. 

Ophryon. — The  central  point  of  the  narrowest  transverse  diameter  of  the  forehead,  measured 

from  one  temporal  line  to  the  other. 
Inion. — The  external  occipital  protuberance. 

Maximum  Occipital  Point. — The  point  on  the  occipital  squama  in  the  sagittal  plane  most 

distant  from  the  glabella. 
Opisthion. — The  middle  of  the  posterior  margin  of  the  foramen  magnum. 
Basion. — The  middle  of  the  anterior  margin  of  the  foramen  magnum. 
Bregma. — The  point  of  junction  of  the  coronal  and  sagittal  sutures. 
Alveolar  Point. — The  centre  of  the  anterior  margin  of  the  upper  alveolar  margin. 
Subnasal  Point. — The  middle  of  the  inferior  border  of  the  anterior  nasal  aperture  at  the 

centre  of  the  nasal  spine. 
Vertex. — The  summit  of  the  cranial  vault. 
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Obelion. — A  point  over  the  sagittal  suture,  on  a  line  witli  the  parietal  foramina. 
Lambda. — ^The  meeting-point  of  the  sagittal  and  lambdoid  sutures. 

Pterion. — The  region  of  the  antero-lateral  fontanelle  where  the  angles  of  the  frontal, 
parietal,  squamous  temporal,  and  alisphenoid  lie  in  relation  to  one  another.  As  a 
rule,  tlie  sutures  are  arranged  like  the  letter  H,  the  parietal  and  alisphenoid  separating 
the  frontal  from  the  stpuxmous  temporal.  In  other  cases  the  form  of  the  suture  is  like 
an  X  ;  whilst  in  a  third  variety  the  frontal  and  squamous  temporal  articulate  with 
each  other,  thus  sejjarating  the  alisphenoid  from  the  parietal. 

Asterion  is  the  region  of  the  postero-lateral  fontanelle  where  the  lambdoid,  parieto-mastoid, 
and  occipito-mastoid  sutures  meet. 

Stephanion. — The  point  where  the  coronal  suture  crosses  tlie  temporal  crest. 

Dacryon. — The  point  where  the  vertical  lachrymo-maxillary  .suture  meets  the  fronto-nasal 
suture  at  the  inner  angle  of  the  orbit. 

Jugal  Point. — Corresponds  to  the  angle  between  the  vertical  border  and  tlie  margin  of  the 
zygomatic  process  of  the  malar  bone. 

Gonion. — Tlie  outer  side  of  the  angle  of  the  inferior  maxilla. 

The  measurements  of  the  length  of  the  skull  may  be  taken  between  a  variety  of  points — the 
nasion,  glabella,  or  ophryon  in  front,  and  the  inion  or  maximum  occipital  point  behind.  Or  the 
maximum  length  alone  may  be  taken  without  reference  to  any  fixed  points.  In  all  cases  it  is 
better  to  state  precisely  where  the  measurement  is  taken.  The  maximum  breadth  of  the  head  is 
very  variable  as  regards  its  po.sition  ;  it  is  advisable  to  state  whether  it  occurs  above  or  below  the 
])arieto-squamosal  suture.  Tlie  inter-relation  of  these  measurements  as  expressed  Ijy  the  cejjhalic 
index  has  been  already  referred  to.  The  width  of  the  head  may  also  lie  measured  from  one  asterion 
to  the  other,  biasterionic  width,  or  liy  taking  the  bistephanic  diameter. 

The  height  of  the  cranium  is  usually  ascertained  by  measuring  the  distance  from  the  basion 
to  the  bregma.  The  relation  of  the  height  to  the  length  may  be  expressed  by  the  height  or 
vertical  index,  thus — 

Height  X 100         ,.  ... 

— =5 —  =  V  ertical  index. 

Length 

Skulls  are  classified  in  accordance  with  tlie  relations  of  length  and  heiglit  as  follows  : — 

Tapeinocephalic  index  below  72.  Chamaecephalic  index  up  to  70. 

Metriocephalic  index  between  72  and  77.  Orthocephalic  index  from  70-1  to  75. 

Akrocephalic  index  above  77  (Turner).  Hypsicephalic  index  75-1  and  upwards 

(Kollmann,  Ranke,  and  Virchow). 

The  horizontal  circumference  of  the  cranium,  which  ranges  from  450  mm.  to  550  mm.,  is 
measured  around  a  plane  cutting  the  glabella  or  ophryon  anteriorly,  and  the  maximum  occipital 
point  posteriorly.  The  longitudinal  arc  is  measured  from  the  nasion  in  front  to  the  opisthiou 
behind  ;  if  to  tliis  be  added  the  Ijasinasal  length  and  the  distance  between  the  l)asion  and  tlie 
opisthion,  we  have  a  record  of  the  vertico-mesial  circumference  of  the  cranium.  This  may  further 
be  divided  by  measuring  the  lengths  of  the  frontal,  parietal,  and  occipital  portions  of  the 
superior  longitudinal  arc.  In  this  way  the  relative  proportions  of  these  bones  may  be 
expressed. 

The  measurements  of  the  .skeleton  of  the  face  are  more  complex,  but,  on  the  wliole,  of  greater 
value  than  the  measurements  of  the  cranium.  It  is  in  the  face  that  tlie  characteristic  features  of 
race  are  best  ol)served,  and  it  is  here  that  osseous  structure  most  accurately  records  the  form  and 
proportions  of  the  living. 

The  form  of  the  face  varies  like  that  of  the  cranium  in  the  relative  proportions  of  its  length 
and  breath.  Generally  speaking,  a  dolichocephalic  cranium  is  associated  with  a  long  face,  whilst 
the  bracliyceplialic  type  of  head  is  correlated  with  a  rounder  and  shorter  face.  This  rule,  how- 
ever, is  not  universal,  and  there  are  inanj^  exceptions  to  it. 

The  determination  of  the  facial  index  varies  according  to  whether  the  measurements  are  made 
with  or  without  the  mandible  in  position.  In  the  former  case  the  length  is  measured  from  the 
ophryon  or  nasion  above  to  the  mental  tubercle  below,  and  compared  with  the  maximum 
bizygomatic  width.  This  is  referred  to  as  the  total  facial  index,  and  is  obtained  by  the 
formula — 

OlAryomental  length X  100^^^^^^  ^^^.^^  .^^^^ 

Bizygomatic  width 

More  usually,  however,  owing  to  the  loss  of  the  lower  jaM',  the  proportions  of  the  face  are 
expressed  by  the  superior  facial  index.  This  is  determined  by  comparing  the  ophryo-alveolar  or 
naso-alveolar  length  with  the  bizygomatic  width,  thus — 

Ophryo-alveolar  length  x  100    „       .     n   .  ,  .  , 
— i,'.  ^T-,  =  Superior  facial  index. 

Bizygomatic  width 


The  terms  dolichofacial  or  leptoprosope  and  brachyfacial  or  chamoeprosope  have  been 
employed  to  express  the  differences  thus  recorded. 
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Uniformity  in  these  measurements,  however,  is  far  from  complete  since  many  anthropologists 
compare  the  width  with  the  length  =  100. 

The  projjortion  of  the  face-width  to  the  width  of  the  calvaria  is  roughly  expressed  by  the  use  of 
the  terms  cryptozygous  and  phaenozygous  as  applied  to  the  skull.  In  the  former  case  the 
zygomatic  arclies  are  concealed,  when  the  skull  is  viewed  from  above,  by  the  overhanging  and 
projection  of  the  sides  of  the  cranial  box  ;  in  tlie  latter  instance,  owing  to  the  narrowness  of  the 
calvaria,  the  zygomatic  arches  are  clearly  visible. 

The  projection  of  the  face,  so  characteristic  of  certain  races  (Negroes  for  example),  may  be 
estimated  on  the  living  by  measuring  the  angle  formed  by  two  straight  lines,  the  one  passing  from 
the  middle  of  the  external  auditory  meatus  to  the  lower  margin  of  the  sejstum  of  the  nose  ;  the 
other  drawn  from  the  most  i^rominent  part  of  the  forehead  above  to  touch  the  incisor  teeth 
below.  The  angle  formed  by  the  intersection  of  these  two  lines  is  called  the  facial  angle 
(Camper),  and  ranges  from  62°  to  85°.  The  smaller  angle  is  characteristic  of  a  muzzle-like 
projection  of  the  lower  part  of  the  face.    The  larger  angle  is  the  concomitant  of  a  more  ^'ertical 

Srofile.  The  degree  of  projection  of  the  upper  jaw  in  the  macerated  cranium  is  most  readily 
etermined  by  employing  the  gnathic  or  alveolar  index  of  Flower.  This  expresses  the  relative 
proportions  of  the  basialveolar  and  basinasal  lengths,  the  latter  being  regarded  as  =  100, 
thus — 

Basialveolar  length  x  100  „ 

 = — :  ■    "   =  Gnathic  index. 

Uasmasal  length 

The  results  are  conveniently  grouped  into  three  classes  : — 

Orthognathous,  index  below  98  :  including  mixed  Europeans,  ancient  Egyptians,  etc. 
Mesognathous,  index  from  98  to  103  :  Chinese,  Japanese,  Eskimo,  Polynesians  (mixed). 
Prognathous,  index  above  103 :  Tasmanians,  Australians,  Melanesians,  various  African 
Negroes. 

The  form  of  the  nasal  aperture  in  the  macerated  skull  is  of  much  value  from  an  ethnic 
"standpoint,  as  it  is  so  intimately  associated  with  the  shape  of  the  nose  in  the  living.  The 
greatest  width  of  the  nasal  ajserture  is  compared  with  the  nasal  height  (measured  from  the  nasion 
to  the  lower  border  of  the  nasal  ajjerture)  and  the  nasal  index  is  thus  determined  : — 

Nasal  width  x  100    „     ,  .  , 
— ^rv — TT — —  =  Nasal  index. 
JNasal  height 

Skulls  are — 

Leptorhine,  with  a  nasal  index  below  48 :  as  in  mixed  Europeans,  ancient  Egyptians, 

American  Indians,  etc. 
Mesorhine,  with  an  index  ranging  from  48  to  53  :  as  in  Chinese,  Japanese,  Malays,  etc. 
Platyrhine,  with  an  index  above  53  :  as  in  Australians,  Negroes,  Kaffirs,  Zulus,  etc. 

The  form  of  the  orbit  varies  considerably  in  different  races,  but  is  of  much  less  value  from  the 
standpoint  of  classification.  The  orbital  index  expresses  the  proportion  of  the  orbital  height  to 
•the  orbital  width,  and  is  obtained  by  the  following  formula  : — 

Orbital  height  x  100 


Orbital  width 


--  Orbital  index. 


The  orbital  height  is  the  distance  between  the  upper  and  lower  margins  of  the  orbit  at  the 
middle  ;  whilst  the  orbital  width  is  measured  from  a  j^oint  where  the  ridge  which  forms  the 
posterior  boundary  of  the  lachrymal  groove  meets  the  fronto- lachrymal  suture  (Flower),  or 
from  the  dacryon  (Broca)  to  the  most  distant  point  from  these  on  the  anterior  edge  of  the  outer 
border  of  the  orbit. 

The  form  of  the  orbital  aperture  is  referred  to  as — 
Megaseme,  if  the  index  be  over  89  ; 
Mesoseme,  if  the  index  be  between  89  and  84 ; 
Microseme,  if  the  index  be  below  84. 

The  variations  met  with  in  the  form  of  the  palate  and  dentary  arcade  may  be  expressed  by 
the  palato-maxillary  index  of  Flower.  The  length  is  measured  from  tlie  alveolar  point  to  a 
line  drawn  across  the  hinder  borders  of  the  sujierior  maxillary  bones,  whilst  the  width  is  taken 
between  the  outer  borders  of  the  alveolar  arch  immediately  above  the  middle  of  the  second 
molar  tooth.    To  obtain  the  index,  the  following  formula  is  emj^loyed  : — ■ 

Palato-maxillary  width  X  100    t>  i  ^         -n      •  j 
— T  ^  -n  5  Ti —  =  Palato-maxillary  index. 

Palato-maxillary  length 

For  purposes  of  classification  Turner  has  introduced  the  following  terms  : — 

Dolichuranic,  index  below  110. 
Mesuranic,  index  between  110  and  115. 
Brachyuranic,  index  above  115. 

As  has  been  elsewhere  stated  (p.  178),  the  size  of  the  teeth  has  an  important  influence  on  the 
architecture  of  the  skull.    Considered  from  a  racial  standpoint,  the  relative  size  of  the  teeth  to 
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the  length  of  the  cranio-facial  axis  has  been  found  by  Flower  to  be  a  character  of  much  value. 
The  dental  length  is  taken  by  measuring  the  distance  beween  the  anterior  surface  of  the  first  pre- 
molar and  the  posterior  surface  of  the  third  molar  of  the  ujjper  jaw. 
To  obtain  the  dental  index  the  following  formula  is  used  : — • 

Dental  length  x  100    _,    ,  ,  .  , 
—   —  rT  n —  =  Dental  index. 

Jjasmasal  length 

Following  the  convenient  method  of  division  adopted  with  other  indices,  the  dental  indices 
may  be  divided  into  three  series,  called  respectively — 

Microdont,  index  below  42  :  including  the  so-called  Caucasian  or  white  races. 
Mesodont,  index  between  42  and  44  :  including  the  Mongolian  or  yellow  races. 
Megadont,  index  above  44  :  comprising  the  black  races,  including  the  Australians. 

Many  complicated  instruments  have  been  devised  to  take  the  various  measurements  required, 
but  for  all  practical  purjjoses  the  calipers  designed  by  Flower  or  the  compas  glissihre  of  Broca  are 
sufficient. 

As  an  aid  to  calculating  the  indices,  the  tables  published  in  the  Osteological  Catalogue  of  the 
Royal  College  of  Surgeons  of  England,  Part  I.,  Man.,  or  the  index  calculator  invented  by  Dr. 
Waterston  will  be  found  of  much  service  in  saving  time. 


DEVELOPMENT  OF  THE  CHONDRO-CRANIUM  AND  MORPHOLOGY 

OF  THE  SKULL. 

As  has  been  already  stated  (p.  23),  the  chorda  doi'salis  extends  forwards  to  a  point 
immediately  beneath  the  anterior  end  of  the  mid-brain.  In  front  of  this  the  head  takes  a 
bend  so  that  the  large  fore-brain  overlaps  the  anterior  extremity  of  the  notochord.  At 
this  stage  of  development  the  cerebral  vesicles  are  enclosed  in  a  membranous  covering 
derived  from  the  mesenchyme  surrounding  the  notochord  ;  this  differentiated  mesodermal 
layer  is  called  the  primordial  membranous  cranium.  From  this  the  meninges  which 
invest  the  brain  are  derived.  Li  lower  vertebrates  this  membranous  capsule  becomes 
converted  into  a  thick-walled  cartilaginous  envelope,  the  primordial  cartilaginous  cranium. 
Li  mammals,  however,  only  the  basal  part  of  this  capsule  becomes  chondrified,  the  roof  and 
part  of  the  sides  remaining  membranous.  Li  considering  the  chondi'ification  of  the  skull 
in  mammals,  it  must  be  noted  that  part  only  of  the  base  is  traversed  by  the  notochord.  It 
is,  therefore,  conveniently  divided  into  two  parts — one  posterior,  surrounding  the  notochord, 
and  hence  called  chordal,  and  one  in  front,  into  which  the  notochord  does  not  extend,  and 
hence  termed  prechordal.  These  correspond  respectively  to  the  vertebral  and  evertebral 
regions  of  Gegenbauer.  In  the  chordal  region  a  pair  of  elongated  cartilages,  called  the» 
parachordal  cartilages,  appear  one  on  either  side  of  the  notochord ;  these  soon  envelop  the 
chorda,  and  expand  so  as  to  form  the  basilar  or  occipital  plate,  which  ossifies  later  to  form 
the  basilar  process  of  the  occipital  bone,  and  the  dorsum  sellse  of  the  sphenoid.  In  the 
prechordal  region  two  curved  strips  of  cartilage,  the  trabeculse  cranii  of  Rathke,  arise  and 
pass  forwards  from  the  anterior  extremity  of  the  notochord,  one  on  either  side  of  the 
cranio-pharyngeal  canal.  In  front  these  trabeculte  spread  out  and  ultimately  fuse  to  form 
the  ethmoidal  plate,  which  constitutes  the  fore  part  of  the  chondro-cranium.  Posteriorly 
the  trabeculse  unite  with  the  basilar  plate  and  thus  surround  the  cranio-pharyngeal  canal, 
the  lumen  of  which  is  subsequently  closed  to  form  the  floor  of  the  pituitary  fossa,  in  which 
rests  the  hypophysis  cerebri.  Owing  to  the  presence  of  the  nasal  capsules,  the  fore  part 
of  the  ethmoidal  plate  becomes  differentiated  into  an  ethmo-vomerine  region,  from  which 
the  nasal  septum  and  its  associated  cartilages  are  derived,  whilst  the  remainder  of  the 
ethmoidal  plate  by  expansion  and  subsequent  ossification  develops  to  form  the  pre- 
sphenoid,  the  orbito-sphenoids,  and  the  alisphenoids,  which  latter  assist  in  completing 
the  orbital  cavity  for  the  lodgment  of  the  eyeball.  The  membranous  ear  capsules  which 
lie  lateral  to  the  parachordal  cartilages  become  chondrified  and  form  the  cartilaginous 
ear  capsules.  These  soon  unite  with  the  lateral  aspects  of  the  basilar  plate,  but  are 
separated  in  front  from  the  cartilaginous  alisphenoid  of  the  ethmoidal  plate  by  a 
membi'anous  interval,  which  is  subsequently  occupied  by  the  squamosal,  a  bone  of  dermic 
origin.  This  disappearance  of  the  cartilage  under  the  squamosal  was  regarded  by  Parker 
as  the  diagnostic  mark  of  the  mammalian  chondro-cranium. 

From  the  ventral  surface  of  this  cartilaginous  platform — formed,  as  described,  by  the 
union  of  the  trabeculse,  parachordal  cartilages,  and  cartilaginous  ear  capsules — is  suspended 
the  cartilaginous  framework  of  the  visceral  arches,  which  play  so  important  a  j)art  in  the 
development  of  the  face,  an  account  of  which  is  elsewhere  given  (p.  36). 

A  consideration  of  the  facts  of  comparative  anatomy  and  embryology  appears  to  justify 
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the  assumption  that  the  mammalian  skull  is  of  two-fold  origin—  that,  in  fact,  it  is 
composed  of  two  envelojjes,  an  outer  and  an  inner,  primarily  distinct,  but  which  in  the 
process  of  evolution  have  become  intimately  fused  together.  The  inner,  called  the 
primordial  skull,  is  that  which  has  just  been  described,  and  consists  of  the  chondro- 
cranium  and  the  branchial  skeleton.  The  outer,  which  is  of  dermic  origin,  includes  the 
bones  of  tiie  cranial  vault  and  face  which  are  developed  in  membrane.  This  secondary 
skull,  whicli  first  appears  in  higher  fishes  as  ossified  dermal  plates  overlying  the  primary 
skull,  acquires  a  great  importance  in  the  mammalia,  as  owing  to  the  expansion  of  the 
brain  and  the  pi'ogressive  reduction  of  the  chondro-cranium,  these  dermal  bones  become 
engrafted  on  and  incorporated  with  the  primordial  skull,  and  act  as  covering  bones  to  the 
cavities  of  the  cranium  and  face  ;  for  it  may  be  well  to  point  out  that  these  dermal  or 
membrane  bones  are  not  necessarily  external  in  position,  as  over  the  cranial  vault,  but 
also  develop  in  the  tissues  underlying  the  mucous  membrane  of  the  cavities  of  the  face. 

Advantage  is  taken  of  this  difference  in  the  mode  of  development  of  the  bones  of  the 
skull  to  classify  them  according  to  their  origin  into  cartilage  or  primordial  bones,  and 
membrane  or  secondary  bones.  These  differences  in  the  growth  of  the  bone  must  not  be 
too  much  insisted  on  in  determining  the  homologies  of  the  bones  of  the  skull,  as  it  is  now 
generally  recognised  that  all  bone  is  of  membranous  origin,  and  that  whilst  in  some 
cases  cartilage  may  become  calcified,  it  never  undergoes  conversion  into  true  bone,  but  is 
replaced  by  ossific  deposit  derived  from  a  membranous  source.  In  the  subsequent  growth 
of  the  skull  parts  of  the  cartilaginous  cranium  persist  as  the  septal  and  alar  cartilages  of 
the  nose,  whilst  for  a  considerable  period  the  basisphenoid  and  basioccipital  are  still 
united  by  cartilage. 

Till  two  years  after  birth  there  are  membranous  intervals  between  the  edges  and 
angles  of  the  bones  of  the  cranial  vault.  These  are  termed  the  fontanelles.  Normally 
they  are  six  in  immber,  and  correspond  in  the  adult  to  the  position  of  the  bregma  and 
lambda  in  the  middle  line  and  the  pterion  and  asterion  on  either  side.  The  anterior  or 
bregmatic  fontanelle  is  diamond-shaped,  and  corresponds  to  the  converging  angles  of  the 
l^arietals  and  two  halves  of  the  frontal  bone.  The  posterior  fontanelle  is  triangular  in 
form,  and  lies  between  the  two  parietals  and  the  sununit  of  the  occipital  squama.  The 
antero-lateral  fontanelle  lies  between  the  contiguous  margins  of  the  frontal,  parietal, 
squamous  temporal,  and  great  wing  of  the  sphenoid,  whilst  the  postero  lateral  fontanelle 
is  situated  between  the  adjacent  borders  of  the  parietal,  occipital,  and  mastoid  jjortion  of 
the  temporal. 

Wliilst  in  many  instances  the  primordial  and  secondary  bones  remain  distinct  in  the 
fully-developed  condition,  they  sometimes  fuse  to  form  complex  bones,  such  as  the  temporal 
and  sphenoid  (see  pp.  116  and  123). 

Various  theories  have  been  advanced  to  account  for  the  mode  of  formation  of  the 
skull.  The  earliest  of  these  was  called  the  vertebrate  theory,  which  assumed  that  the 
cranium  was  built  up  of  a  series  of  modified  vertebrje,  the  centra  of  which  corresponded  to 
the  basicranial  axis,  whilst  the  neural  arclies  were  represented  by  the  covering  bones  of 
the  cranium.  In  view  of  the  more  recent  researches  regarding  the  composite  origin  of  the 
skull  above  referred  to,  this  theory  was  necessarily  abandoned.  It  gave  way  to  the 
suggestion  of  Gegenbauer  that  the  primordial  cranium  has  arisen  by  the  fusion  of  several 
segments  equivalent  to  vertebrse,  the  number  of  which  he  determined  by  noting  the 
metameric  arrangement  of  the  cranial  nerves,  of  which  he  concluded  there  were  nine  paii'S, 
arranged  much  like  spinal  nerves,  both  as  to  their  origin  and  distribution.  The  olfactory 
and  optic  nerves,  though  frequently  referred  to  as  cranial  nerves,  are  excluded,  since  from 
the  nature  of  their  development  they  are  to  be  regarded  as  metamorphosed  parts  of  the 
brain  itself.  Gegenbauer  therefore  assumed  that  that  portion  of  the  cranial  base  which  is 
traversed  by  the  nine  pairs  of  segmentally  arranged  cranial  nerves  must  be  formed  by  the 
fusion  of  nine  vertebral  segments  ;  and  as  the  region  where  the  nerves  escape  corresponds 
to  the  part  of  the  chondi-o-cranium  traversed  by  the  notochord,  he  calls  it  tKe  vertebral 
portion  of  the  cranial  base,  in  contradistinction  to  the  trabecular  or  non-vertebral  part 
which  lies  in  front.  This  latter  he  regards  as  a  new  formation  adapted  to  receive  the 
greatly-developed  brain  and  afford  protection  to  the  organs  of  sight  and  smell. 

As  has  been  pointed  out  by  Hertwig,  there  is  an  essential  difference  between  the 
development  of  the  axial  cartilaginous  skeleton  of  the  trunk  and  head.  The  former  becomes 
segmented  into  distinct  vertebrse  alternating  with  intervertebral  ligaments ;  whilst  the 
latter,  in  order  to  attain  the  rigidity  necessary  in  this  part  of  the  skeleton,  is  never  so 
divided.  It  follows  from  this  that  the  original  segmentation  of  the  head  is  only  expressed 
in  tlu-ee  ways,  viz.  in  the  appearance  of  several  primitive  segments  (myotomes),  in  the 
arrangement  of  the  cranial  nerves,  and  in  the  fundament  of  the  visceral  skeleton  (viscera^ 
12 
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arches).  According  to  Froriep  the  niaramaliaii  occipital  corresponds  to  the  fusion  of  four 
vertebrie,  and  there  is  some  reason  for  supjwsing  that  in  sonic  classes  of  vei'tebrates  the 
occipital  region  of  the  primordial  cranium  is  inci-eased  by  fusion  with  tlie  higher  cervical 
segments. 

The  form  of  skull  characteristic  of  man  is  dependent  on  the  large  jiroportionate 
development  of  tiie  cranial  part,  wiiich  contains  the  lirain,  and  tlie  reduction  in  size  of  the 
visceral  ])art  (face),  wliich  protects  the  organs  of  special  sense.  This  leads  to  a  decrease 
in  the  size  and  projection  of  the  jaws,  as  well  as  a  reduction  in  the  size  of  the  teeth; 
Associated  with  the  snialler  mandible  there  is  a  feebler  musculature,  with  a  reduced  area 
of  attachment  to  the  sides  of  the  skull.  In  this  way  the  disappearance  of  tlie  muscular 
crests  and  foss.e,  so  characteristic  of  lower  forms,  is  accounted  for.  At  the  same  time  the 
fact  that  the  skull  is  poised  on  the  summit  of  a  vertical  colunni,  leads  to  important 
modifications  in  its  structure.  The  disposition  of  parts  is  such  that  the  occipito-vertebral 
articulation  is  so  placed  that  the  fore  and  hind  parts  of  the  head  nearly  balance  each  other, 
thus  obviating  the  necessity  for  a  ])o\verfid  muscular  and  ligamentous  mechanism  to  hold 
tlie  head  erect. 

Another  noticeable  feature  in  connexion  with  man's  skeleton  is  the  ])rolonged  period 
during  which  growth  may  occur  before  maturity  is  reached  ;  this  is  associated  with  a  more 
complete  consolidation  of  the  skull,  since  bones,  which  in  lower  forms  remain  throughout 
life  distinct,  are  in  man  fused  witli  each  other,  as  exemplified  in  the  case  of  the  presphenoid 
and  postsjjhenoid,  the  occipital  and  the  interparietal,  to  mention  one  or  two  instances 
among  many.  It  is  noteworthy,  however,  that  during  ontogeny  the  morphological  signifi- 
cance of  these  bones  is  clearly  demonstrated- by  their  independent  ossification. 

The  points  of  exit  of  the  various  ci-anial  nerves  remain  remarkably  constant,  and  in 
their  primitive  condition  serve  to  suggest  the  segmental  arrangement  of  the  cartilaginous 
chondro-cranium  already  referred  to.  Owing  to  the  very  great  modifications  which  the 
mammalian  skull  has  undergone  in  the  process  of  its  evolution,  it  may  be  pointed  out  that 
the  passage  of  the  nerves  tlirough  the  dura  mater — a  derivative,  the  readers  may  be 
reminded,  of  the  primordial  memln-anous  cranium  (see  ante) — alone  represents  the  primitive 
disposition  of  the  nerves.  Their  subsequent  escape  through  the  bony  base  is  a  later  and 
secondary  development.  In  some  cases  the  two,  membranous  or  primary  and  the  osseous 
or  secondary  foramina,  correspond.  In  other  instances  the  exit  of  the  nerves  through  the 
dura  mater  does  not  coincide  witii  the  ])assage  through  the  bone. 

Of  interest  in  this  connexion  it  may  be  pointed  out  that  the  foramina  and  canals 
which  traverse  the  skull  are  either  situated  in  the  line  of  suture  between  adjacent  bones 
or  in  the  line  of  fusion  of  the  constituent  parts  of  which  the  bone  pierced  is  made  up. 
For  example,  the  sphenoidal  fissure  is  situated  between  the  orbito  and  alisphenoids ;  the 
anterior  condylic  between  the  basi  and  cxoccipitals  ;  the  jugular  between  the  petrous, 
basi,  and  exoccipital  ;  the  optic  between  the  orbito-sphenoid  and  the  presphenoid  ;  the 
Vidian  between  the  alis[)henoi(l,  internal  pterygoid  plate,  and  the  lingula. 


THE  HONES  OF  THE  UPPER  EXTEEMITY. 
The  Clavicle. 

The  clavicle  (clavicula),  or  collar  bone,  one  of  the  elements  in  tlie  formation 
of  the  slioulder  girdle,  consists  of  a  curved  shaft,  the  extremities  of  which  are 
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enlarged.  The  inner  end,  since  it  articulates  with  the  sternum,  is  called  the 
sternal  end :  the  outer  extremity,  from  its  union  with  the  acromion  process  of  the 
scapula,  is  known  as  tlie  acromial  end. 
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The  sternal  end  (extremitas  sternalis)  is  enlarged/and  rests  upon  the  meniscus 
of  fibro-cartilage  which  is  interposed  between  it  and  the  clavicular  facet  on  the 
upper  and  external  angle  of  the  manubrium  sterni,  as  well  as  a  small  part  of  the 
inner  end  of  the  cartilage  of  the  first  rib.    Its  articidar  surface,  usually  broader 


from  above  downwards  than  from  side  to  side,  displays  an  antero-posterior  convexity, 
whilst  it  tends  to  be  slightly  concave  in  a  vertical  direction.  The  edge  around 
the  articular  area  which  serves  for  the  attachment  of  the  capsule  of  the  sterno- 
clavicular articulation  is  sharp  and  well  defined,  except  below  where  it  is  rounded. 

The  shaft  is  so  curved  that  its  anterior  outline  is  convex  in  its  inner  two-thirds, 
whilst  concave  in  the  outer  third  of  its  length.  Eounded  or  prismatic  in  form 
towards  its  sternal  extremity,  it  becomes  compressed  and  flattened  towards  its 
outer  end.  The  superior  surface  of  the  shaft,  which  is  smooth  and  subcutaneous 
throughout  its  whole  length,  is  directed  upwards  and  forwards ;  the  inferior  surface 
is  inclined  downwards  and  backwards.  The  anterior  border,  which  separates  the 
upper  from  the  under  surface  in  front,  is  rough  and  tubercular  towards  its  inner 
end  for  the  attachment  of  the  clavicular  fibres  of  the  pectoralis  major,  whilst 
externally,  where  it  becomes  continuous  with  the  anterior  margin  of  the  acromial 
end,  it  is  better  defined,  and  bears  the  imprint  of  the  origin  of  the  fibres  of  the 
deltoid  muscle  ;  here,  not  uncommonly,  a  projecting  spur  of  bone,  called  the 
deltoid  tubercle,  may  be  seen.  The  posterior  harder  is  broad  internally,  where  it  is 
lipped  superiorly  to  furnish  an  attachment  for  the  clavicular  fibres  of  the  sterno- 
mastoid  muscle  ;  behind  and  below  this  the  sterno  -  hyoid  and  sterno  -  thyroid 
muscles  are  attached  to  the  bone.  Externally,  the  posterior  border  becomes  more 
rounded,  and  is  confluent  with  the  posterior  edge  of  the  acromial  end  at  a  point 
where  there  is  a  marked  outgrowth  of  bone  from  its  under  surface,  the  conoid 
tubercle  (tuberositas  coracoidea).  Into  the  outer  third  of  this  border  are  inserted 
the  upper  and  anterior  fibres  of  the  trapezius  muscle.  The  inferior  surface  of  the 
shaft  close  to  the  sternal  end  is  marked  by  an  irregular  elongated  impression 
(tuberositas  costalis),  often  deeply  pitted  for  the  attachment  of  the  rhomboid 
ligament,  which  unites  it  to  the  cartilage  of  the  first  rib.  External  to  this  the 
shaft  is  channelled  by  a  groove  which  terminates  close  to  the  conoid  tubercle ;  into 
this  groove  the  subclavius  muscle  is  inserted. 

The  acromial  end  of  the  bone,  is  flattened  and  compressed  from  above  down- 
wards, and  expanded  from  before  backwards ;  its  anterior  edge  is  sharp  and  well 
defined,  and  gives  attachment  to  the  deltoid  muscle,  which  also  spreads,  over  part 
of  its  upper  surface.  Its  posterior  margin  is  rougher  and  more  tubercular,  and 
provides  a  surface  for  the  insertion  of  the  trapezius.  The  area  between  these  two 
muscular  attachments  is  smooth  and  subcutaneous.  The  outer  edge  of  this 
forward-turned  part  of  the  bone  is  provided  with  an  oval  facet  (facies  articularis 
acromialis)  for  articulation  with  the  acromion  process  of  the  scapula ;  the  margins 
around  this  articular  area  serve  for  the  attachment  of  the  capsule  of  the  joint. 
The  inferior  surface  of  the  acromial  end  of  the  bone  is  traversed  obliquely  from 
behind  forwards  and  outwards  by  a  rough  ridge  or  line  called  the  trapezoid  or 
oblique  ridge.  The  posterior  extremity  of  this  ridge,  as  it  abuts  On  the  posterior 
border  of  the  bone,  forms  a  prominent  process,  the  conoid  tubercle  (tuberositas 
coracoidea) ;  to  each  of  these,  respectively,  are  attached  the  trapezoid  and  conoid 
portions  of  the  coraco-clavicular  ligaments 
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Nutrient  Foramina. — Tlie  foiamin.i  for  the  larger  nutiiout  vessels,  of  wliicli  there  may  lie 
one  or  two  ilirerti-d  outwards,  are  usually  found  aboTit.  the  luiddle  of  the  ])ostei-ior  horder,  or  it 
may  lie  opening  into  the  floor  of  the  groove  for  the  suhclavius  muscle. 

Architecture. — The  shaft  consists  of  an  outer  layer  of  compact  hone,  thickest  towards  the 
centre,  but  gradually  thinning  towards  the  extremities,  the  investing  envelojie  of  which  consists 
merely  of  a  thin  shell.  AVithin  the  shaft  the  cancellous  tissue  dis]>lays  a  longitudinal  striation, 
wdiicli  internally  assumes  a  more  cellular  api)earance.  At  the  acromial  end  the  general  arrange- 
ment of  the  fibres  resembles  the  appearance  of  the  sides  of  a  Gothic  arch. 

Variations. — The  clavicles  of  women  are  more  slender,  less  curved,  and  shoi'ter  than  those  of 
men.  In  the  latter  the  l)one  is  so  inclined  that  its  outer  end  lies  slightly  higher  or  on  the  same 
level  with  the  sternal  end.  In  women  the  bone  usually  sh^jjes  a  little  downward  and  outwarrl. 
The  more  pronounced  curves  of  some  bones  are  as.sociate(l  with  a  more  powerful  development  of 
the  ])ectoral  and  deltoid  muscles,  a  circumstance  which  also  affords  an  ex])lanation  of  the  ditfer- 
ences  usually  seen  between  the  right  and  left  Ixmes,  the  habitual  use  of  the  right  ui)per  limb 
reacting  on  the  foi-m  of  the  bone  of  that  side. 

Ossification. — Phylogenetically  of  dermic  origin,  the  clavicle  in  man  is  remarkable  in 

commencing  to  ossify  before 


sternal  ejiiphysis  ossifies  aljovit 
20tli  year  ;  luses  aljout  2'itli  year 


Primary  centre  appears  aliout 
fttli  or  Btli  niimili  of  fietal  life 


any  other  bone  in  the  body  ; 
this  occurs  as  early  as  the 
fiftli  or  sixth  week  of  foetal 
life.  The  primitive  centre 
from  whieh  the  shaft  and 
outer  extremity  are  developed 
appears  prior  to  the  forma- 
tion of  any  cartilaginous 
matrix  ;  and  it  is  not  till  a 

hiter  stage  that  cartilage  plays  a  part  in  the  development  of  the  bone  by  assisting  in  the 
growth  of  its  extremities. 

A  secondary  centre  or  epiphysis  appears  at  the  sternal  end  about  tlie  age  of  twenty 
or  later,  and  fusion  rapidly  occurring  between  it  and  the  shaft,  ossification  is  couqjleted 
at  the  age  of  twenty-five  or  thereabouts. 
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The  Scapula. 

The  scapula  (scapula),  shoulder  blade  or  blade  bone,  is  of  triangular  shape  and 
flattened  form.  It  has  two  surfaces,  ventral  and  dorsal.  From  the  latter  there 
springs  a  triangular  process  called  the  spine,  which  ends  externally  in  the  acromion  ; 
whilst  from  its  superior  border  there  arises  a  beak  -  like  projection  called  the 
coracoid  process. 

The  body  of  the  bone,  which  is  thin  and  translucent,  except  along  its  margins 
and  where  the  spine  springs  from  it,  has  three  borders  and  three  angles.  Of  these 
borders  the  internal  or  vertebral  (margo  vertebrahs)  is  the  longest  ;  it  stretches 
from  the  superior  angle  above  to  the  inferior  angle  below.  Of  curved  or  somewhat 
irregular  outline,  it  affords  a  narrow  surface  for  the  insertion  of  the  levator  anguli 
scapulfe,  rhomboideus  minor,  and  rhomboideus  major  muscles. 

The  superior  horder  (margo  superior),  which  is  thin  and  sharp,  is  the  shortest  of 
the  three.  It  runs  from  the  superior  angle  towards  the  root  of  the  coracoid  process, 
before  reaching  which,  however,  it  is  interrupted  by  the  suprascapular  notch  (in- 
cisura  scapuke),  which  lies  immediately  to  the  inner  side  of  the  base  of  that  process. 
This  notch,  which  is  converted  into  a  foramen  by  a  ligament,  or  occasionally  by  a 
spicule  of  bone,  transmits  the  suprascapular  nerve.  Attached  to  the  superior 
border,  close  to  the  notch,  is  the  posterior  belly  of  the  omo-hyoid.  The  external  or 
axillary  horder  (margo  axillaris),  so  called  from  its  relation  to  the  hollow  of  the 
armpit  (axilla),  is  much  stouter  than  either  of  the  others ;  it  extends  from  the 
external  angle  above  to  the  inferior  angle  below.  The  upper  inch  or  so  of  this 
l)order,  which  lies  immediately  belovv^  the  glenoid  articular  surface,  is  rough  and 
tubercular  (tuberositas  infraglenoidalis),  and  affords  attachment  to  the  long  head 
of  the  triceps.  Below  this  there  is  usually  a  groove  which  marks  the  position  of 
the  dorsal  artery  of  the  scapula.  The  superior  angle  (angulus  medialis)  is  sharp 
and  more  or  less  rectangular ;  the  inferior  angle  (angulus  inferior)  is  blunter  and 
more  acute ;  whilst  the  external  angle  (angulus  lateralis)  corresponds  to  that  part 
of  the  bone  which  is  sometimes  called  the  head,  and  which  supports  the  glenoid 
surface  and  tlie  coracoid  prceoss. 
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The  glenoid  surface  is  a  pyritbrm  articular  area,  slightly  concave  from  above  down- 
wards and  from  side  to  side  ;  its  border  is  but  slightly  raised  above  the  general  surface 
and  affords  attachment  in  the  recent  condition  to  the  glenoid  ligament,  which  helps 
to  deepen  the  socket  in  which  the  head  of  the  humerus  rests.  Below,  this  edge 
is  confluent  with  the  infraglenoid  impression  (tuberositas  infraglenoidalis),  whilst 
above  it  l)lends  with  a  tubercle  (tulierositas  supraglenoidalis),  to  which  the  long  head 

Clavicular  facet 
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Fig.  125. — The  Right  Scapula  as  seen  from  Behind. 


of  the  biceps  muscle  is  attached.  Springing  from  the  upper  part  of  the  head,  in 
line  with  the  superior  border,  is  the  coracoid  process  (processus  coracoideus).  The 
base  of  this  is  limited  externally  by  the  glenoid  edge,  whilst  internally  it  is  separ- 
ated from  the  superior  border  by  the  suprascapular  notch.  Eising  upwards  for  a 
short  space,  it  bends  on  itself  at  nearly  a  right  angle,  and  ends  in  a  process  which 
is  directed  outwards  and  slightly  forwards,  overhanging  the  glenoid  fossa  above 
and  in  front.  Compressed  from  above  downwards,  it  has  attached  to  its  upper 
surface  near  its  angle  the  conoid  ligament,  wide  of  which  there  is  a  rough  area 
for  the  trapezoid  ligament.  Attached  to  its  posterior  border  is  the  coraco-acromial 
ligament,  whilst  at  its  extremity  and  towards  the  front  part  of  its  anterior  border,  * 
is  the  combined  origin  of  the  biceps  and  coraco-brachialis,  together  with  the  insertion 
of  the  pectoralis  minor.  The  neck  (collum  scapulae)  is  that  somewhat  constricted 
part  of  the  bone  which  supports  the  head ;  it  corresponds  in  front  and  behind  to  a 
line  drawn  from  the  suprascapular  notch  to  the  infraglenoid  tubercle. 

The  body  of  the  bone  has  two  surfaces,  a  dorsal  (facies  dorsalis)  and  a  ventral 
(facies  costalis).  The  former  is  divided  into  two  fossae  by  an  outstanding  process 
of  triangular  form,  called  the  spine  (spina  sca^ailiTe).    The  attached  l)order  of  this 
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crosses  the  Lack  of  tlie  l)ody  obliquely  in  a  direction  outwards  and  slightly 
upwards,  extending  from  the  vertebral  border  near  the  lower  limit  of  its  upper 
fourth  towards  the  centre  of  the  posterior  glenoid  edge,  from  which,  however,  it 
is  separated  by  the  great  scapular  notch,  which  here  corresponds  to  the  posterior 
aspect  of  the  neck.  The  surfaces  of  the  spine,  which  are  directed  upwards  and 
downwards,  are  concave,  the  upper  entering  into  the  formation  of  the  supraspinous 
fossa,  which  lies  above  it,  the  lower  forming  the  upper  wall  of  the  infraspinous  fossa, 
which  lies  below  it.  The  two  foss;e  are  in  communication  with  each  other  round 
the  free  external  concave  border  of  the  spine,  where  that  curves  over  the  great 
scapular  notch.  The  posterior  free  l)order  of  the  spine  is  subcutaneous  throughout 
its  entire  length.  Its  uppet  and  lower  edges  are  strongly  lipped,  and  serve — the 
superior,  for  the  attachment  of  the  trapezius ;  the  inferior,  for  the  origin  of  the 

deltoid.  The  inter- 
vening surface  varies 
in  width  —  broad  and 
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triangular  where  it  be- 


comes confluent  with 
the  vertebral  border, 
it  displays  a  smooth 
surface,  over  which 
the  tendinous  fibres  of 
the  trapezius  play ; 
narrowing  rapidly,  it 
forms  a  surface  of 
varying  width  which 
blends  externally  with 
a  flattened  process, 
the  two  forming  a 
compressed  plate  of 
bone  which  arches 
across  the  scapular 
notch  al)ove  and  be- 
hind, and  then  curves 
forwards,  upwards,  and 
outwards  to  overhang 
the  glenoid  fossa.  The 
internal  border  of  this 
process  is  continuous 
with  the  upper  mar- 
gin of  the  spine,  and 
is  gently  curved.  The 
external  border,  more 
curved  tlian  the  inner, 
with  which  it  is  united 
in  front,  is  confluent 
with  the  inferior  edge 
of  the  spine,  with 
which  it  forms  an 
abrupt  bend,  termed 
the    acromial  angle. 

The  bone  included  between  these  two  borders  is  called  the  acromion  process.  Of 
compressed  form,  it  much  resembles  the  acromial  end  of  the  clavicle,  with  which 
it  articulates  by  means  of  a  facet  (facies  articularis  acromii)  which  is  placed  on  its 
internal  l)order  near  its  anterior  extremity.  The  superior  surface  of  the  acromion, 
wliicli  is  broad  and  expanded,  is  subcutaneous,  and  is  directed  upwards  and  liack- 
wards,  and  in  the  normal  po.sitiou  of  the  bone  outwards  as  well.  Its  internal 
edge,  where  not  in  contact  with  the  clavicle,  has  attached  to  it  the  fibres  of  the 
trapezius,  whilst  its  external  margin  affords  origin  to  the  central  part  of  the 
deltoid.    At  its  anterior  extremity  it  is  connected  with  the  coracoid  process  by 


Inferior  anulf. 

Fii!.  126. — The  Rkjht  Scapula,  as  seen  from  the  Front. 
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means  of  the  coraco-acromial  ligament.  Its  under  surface  is  smooth  and  overhangs 
the  shoulder  joint. 

The  supraspinous  fossa,  of  much  less  extent  than  the  infraspinous,  is  placed 
above  the  spine,  the  upper  surface  of  which  assists  in  forming  its  curved  floor ;  in 
it  is  lodged  the  supraspinatus  muscle.  The  suprascapular  notch  opens  into  it  above, 
whilst  below  and  externally  it  communicates  with  the  infraspinous  fossa  l:»y  the 
great  scapular  notch,  through  which  the  suprascapular  artery  and  nerve  pass  to 
reach  the  infraspinous  fossa. 

The  infraspinous  fossa,  overhung  by  the  spine  above,  is  of  triangular  form.  The 
axillary  border  of  the  bone  limits  it  in  front,  whilst  the  vertebral  margin  bounds  it 
l)ehind  ;  the  greater  part  of  this  surface  affords  origin  to  the  infraspinatus  muscle, 
excepting  a  well-defined  area  which  skirts  the  axillary  border  and  inferior  angle  of 
the  bone,  and  which  affords  an  attachment  to  the  fibres  of  origin  of  the  teres  minor. 
This  muscle  extends  along  the  posterior  surface  of  the  axillary  border  in  its  upper 
two-thirds,  reaching  nearly  as  high  as  the  glenoid  edge  ;  whilst  a  crescentic  surface, 
which  occupies  the  lower  third  of  the  axillary  border  and  curves  backward  round 
the  posterior  aspect  of  the  inferior  angle,  furnishes  an  origin  for  the  teres  major 
muscle.  Here  also,  near  the  inferior  angle,  are  occasionally  attached  some  of  the 
fibres  of  the  latissimus  dorsi  muscle. 

The  ventral  aspect  (facies  costalis)  of  the  body  is  hollow  from  above  downwards  and 
from  side  to  side,  the  greatest  depth  being  in  correspondence  with  the  spring  of  the 
spine  from  the  dorsal  surface.  Its  inner  boundary,  which  is  formed  by  the  anterior 
lipped  edge  of  the  vertebral  border,  affords  attachment  to  the  fibres  of  insertion  of 
the  serratus  magnus  along  the  greater  part  of  its  extent.  The  area  of  insertion  of 
this  muscle  is,  however,  considerably  increased  over  the  anterior  aspects  of  the 
superior  and  inferior  angles  respectively.  Eunning  down  from  the  head  and  neck 
above  to  the  inferior  angle  Ijelow,  there  is  a  stout  rounded  ridge  of  bone,  which 
imparts  a  fulness  to  the  anterior  aspect  of  the  axillary  border  and  increases  the 
depth  of  the  ventral  lioUow ;  to  this,  as  well  as  to  the  fioor  of  the  fossa,  the  sul)- 
scapularis  muscle  is  attached. .  The  tendinous  intersections  of  this  muscle  leave 
their  imprint  on  this  surface  of  the  bone  in  a  series  of  three  or  four  rough  lines 
which  converge  towards  the  neck. 

Nutrient  Foramina. — Foramina  for  tlie  passaj^e  of  mitrient  ^n-ssels  are  s(_'fu  in  diftVi't'iit  parts 
of  the,  Ijoue  ;  tlic  most  constant  in  position  is  one  wliicli  opens  into  tlie  infras])inous  fossa,  al  wnt  an 
incli  or  so  from  the  sea])ular  notcli.  Others  are  met  witli  on  tlie  upper  and  under  surfaces  of  the 
spine,  on  the  ventral  aspect  near  its  deepest  part,  and  also  around  the  glenoid  margin. 

Connexions. — The  scapula  is  not  directly  connected  witli  the  trunk,  \>x\t  articulates  with  the 
outer  end  of  the  clavicle,  in  union  with  which  it  forms  the  shoujdei'  girdle  supporting  the 
humerus  on  its  glenoid  surface.  Placed  on  tlie  upper  and  l)ack  pai-t  of  the  thorax,  it  covers  the 
ribs  from  the  second  to  the  seventh  inclusive.  Possessed  of  a  wide  range  of  movement,  it  alters 
its  position  according  to  the  attitude  of  the  linih,  rising  or  falling,  lieiug  drawn  inwards  or 
outwards,  or  being  rotated  upon  itself  according  as  the  arm  is  moved  in  A'arious  dii'ections.  These 
changes  in  positicm  can  easily  he  determined  by  recognising  the  altered  relations  of  the  subciitaneous 
and  bony  prominences,  more  especially  the  former,  which  include  the  spine,  the  acromion  process, 
and  the  lower  half  of  the  vertel)ral  border. 

Architecture. — For  so  light  and  thin  a  bone,  the  scapuhi  ]iossesses  a  remarkable  ligidity.  This 
is  owing  t(3  the  arrangement  of  .its  ]iarts.  Stout  and  thick  where  it  supports  the  glenoid  surface 
and  coracoid  i)rocess,  the  rest  of  the  l)one  is  tliin,  excejit  along  the  a.xillary  border  ;  but  strength  is 
imparted  to  the  body  by  the  manner  in  which  the  s])ine  is  fused  at  right  angles  to  its  posterior  surface. 

Variations. — The  most  conunon  variation  met  with  is  a  separated  acromion  proce.ss.  In 
these  cases  there  has  been  faihu-e  in  the  ossific  union  between  the  spine  and  acromion,  the 
junction  between  the  two  being  effected  by  a  layer  of  cartilage  cr  an  articulation  possessing  a 
joint  cavity.  The  condition  is  usually  symmetrical  on  both  sides,  though  instances  are  recorded 
where  this  arrangement  is  luiilateral.  Very  nuu-h  rarer  is  the  condition  in  which  tlie  coracoid 
jirocess  is  separable  from  the  rest  of  the  bone.  The  size  and  form  of  the  suprasca2)ular  notch 
differs.  In  certain  cases  the  superior  border  of  the  bone  describes  a  uniform  cui've  reaching  the 
base  of  the  coracoid  without  any  indication  of  a  notch.  In  some  sca]iul;e,  more  particularly  in 
those  of  very  old  peo])le,  the  floor  of  the  suljscapular  fossa  is  deficient  owing  to  the  absorption  of 
the  thin  bone,  the  periosteal  layers  alone  filling  nj)  the  gap. 

At  birth  the  vertical  length  of  the  licme  is  less  in  i)ro])ortion  to  its  width  than  in  the  adult. 

Ossification. — Ossification  begins  in  the  body  of  the  cartilaginous  scapula  about  the 
end  of  the  second  mouth  of  foetal  life.  At  birth  the  head,  neck,  body,  spine,  and  base  of 
the  coracoid  process  are  well  defined  ;  the  vertebral  border,  inferior  angle,  glenoid  fossa, 
acromion  and  coracoid  processes,  are  still  cartilaginous.    The  centre  for  the  upper  and 
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Primary  centre 
appears  about 
I'nd  ni.  f(Ktal  bfe. 


Acromial  centres 
appears  15-lB  yrs. ; 
fuses  aboiit  25  yrs.  \^ 

Secondary  cen  tre  for 
coracoid  appears 
about  end  1st  yr. ; 
fuses  about  18  yrs. 

V 


Appears  about 
IB-l"  yrs. ;  fuses 
about  20  yrs 


fSubcoracoid  centi'e 
appears  10 yrs.;  fuses 
"  yrs. 
Appears  about 


Ajipears  about 
16  or  17  vrs.  ; 
fuses  18-20  yrs. 


17  yrs.  ; 
fuses  20-25  vrs. 


Scai)ula  at  end  of  First  Year.  Scapula  about  the  Age  of  Puberty. 

Fig.  127. — Ossification  of  the  Scapula. 


fore  part  of  the  coracoid  appears  in  the  first  year,  and  fusion  along  an  oblique  line  leading 
from  the  upper  edge  of  the  glenoid  fossa  to  the  conoid  tubercle  is  complete  about  the 
fifteenth  year.    A  separate  centre  (subcoracoid),  which  ultimately  includes  the  upper  part 

of  the  glenoid  fossa  and 
external  part  of  the 
coracoid  process,  makes 
its  appearance  about  the 
tenth  year,  and  fuses 
with  the  surrounding 
1)0116  about  sixteen  or 
seventeen.  Up  till  the 
age  of  puberty  the  acro- 
mion remains  cartilagin- 
ous ;  centres,  two  or  more 
in  number,  then  make 
their  appearance,  which 
coalesce  and  ultimately 
unite  with  the  spine 
about  ■ the  twenty  -  fifth 
year.  Failure  of  union 
ma}",  however,  persist 
tlu'ougliout  life  (see  ayite, 
Variations). 

Ossification  commences 
in  the  cartilage  in  the 
inferior  angle  about 
])uberty,  and  indepen- 
dently and  a  little 
later,  along  the  verte- 
bral   margin,  fusion 

witli  the  body  occurring  at  from  twenty  to  twenty-five  years. 

Small  scale-like  epiphyses  make  their  appearance  on  the  upper  surface  and  at  the 
extremity  of  the  coracoid,  and  are  completed  about  the  twentieth  year.  A  thin  epiphysial 
plate  develops  over  the  lower  part  of  the  glenoid  fossa  about  sixteen  or  seventeen,  fusion 
being  complete  about  eighteen  or  twenty  yenrs  of  age. 

The  Humerus. 

The  humerus,  or  bone  of  the  upper  arm,  articulates  with  the  scapula  above  and 
witli  the  bones  of  the  forearm,  the  radius  and  ulna,  below.  Its  upper  end  com- 
prises the  head  and  great  and  small  tuberosities  ;  its  shaft,  which  is  longer  than  any 
of  the  other  bones  of  the  upper  extremity,  is  cylindrical  above  and  flattened  below, 
where  it  ends  in  the  inferior  extremity,  which  is  expanded  to  form  the  condyles  on 
either  side,  and  supports  the  trochlear  and  capitellar  articular  surfaces  for  the  ulna 
and  radius  respectively. 

The  superior  extremity  is  the  thickest  and  stoutest  part  of  the  bone.  The  head 
(caput  humeri),  which  forms  about  one-third  of  a  spheroid  and  is  covered  by 
articular  cartilage,  is  directed  upwards,  inwards,  and  slightly  backwards,  and  rests  in 
the  glenoid  fossa  of  the  scapula ;  the  convexity  of  its  surface  is  most  pronounced  in 
its  posterior  half.  Separating  the  head  from  the  tuberosities  externally  is  a  shallow- 
groove,  which  fades  away  on  the  surface  of  the  bone  which  supports  the  articular 
surface  interiorly.  This  is  named  the  anatomical  neck  (collum  anatomicum)  and 
serves  for  the  attachment  of  the  capsule  of  the  shoulder  joint.  The  articular  edge  of 
the  groove  opposite  the  small  tuberosity  is  usually  notched  for  the  attacliment  of  the 
superior  gleno-humeral  ligament.  The  great  tuberosity  (tuberculum  majus)  abuts 
on  the  outer  side  of  the  head  and  becomes  continuous  with  the  shaft  below.  Its 
upper  surface  forms  a  quadrant,  which  is  subdivided  into  three  more  or  less  smooth 
areas  of  unequal  size.  Of  these  the  liighest  and  anterior  is  for  the  insertion  of  the 
supraspinatus  muscle,  the  middle  for  the  infraspinatus,  whilst  the  lowest  and 
posterior  serves  for  the  insertion  of  the  teres  minor  muscle.  The  outer  surface  of 
this  tuberosity,  which  bulges  beyond  the  line  of  the  shaft,  is  rough  and  pierced  by 
numerous  foramina.    Anteriorly  the  great  tuberosity  is  separated  from  the  small 
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tuberosity  (tul)erculum  minus)  by  a  well-defined  furrow,  called  the  bicipital  groove 

(sulcus  intertubercularis),  from  the  circumstance  that  the  tendon  of  origin  of  the 
long  head  of  the  biceps  muscle 


IS  lodged  within  it.  The  small 
tuberosity  lies  in  front  of  the 
outer  half  of  the  head  ;  it  forms 
a  pronounced  elevation,  which 
fades  into  the  shaft  below. 
The  surface  of  this  tuberosity 
is  faceted  above  and  in  front 
for  the  insertion  of  the  sub- 
scapularis  muscle,  whilst  ex- 
ternally it  forms  the  prominent 
inner  lip  of  the  bicipital  groove. 
Below  the  head  and  tuberosities 
the  shaft  of  the  bone  rapidly 
contracts,  and  is  here  named 
the  surgical  neck  (collum  chirur- 
gicum)  owing  to  its  liability  to 
fracture  at  this  spot. 

The  shaft,  or  body  (corpus 
humeri),  is  cylindrical  in  its 
On  it  the  bicipital 
be  traced  down- 
slightly  inwards, 
its  anterior  surface.  The 


Supraspinatus 
Great  tuberosity 


Bk'ipit. 


Head 
Subscapularis 


Pcctorali: 


upper  half, 
groove  may 

wards  and 
along 


edges  of 
termed 


UeLT(.)ID 


Brai.'liio-i 


L  EPICONDYLIC 


the  groove,  which  are 
its  lips,  are  confluent 
above  with  the  great  and  small 
tuberosities  respectively.  Here 
they  are  prominent,  and  form 
the  crests  of  the  great  and 
small  tuberosities  (cristfe  tuber- 
culi  majoris  et  minoris).  In- 
teriorly the  lips  of  the  bicipital 
groove  gradually  fade  away,  the 
inner  more  rapidly  than  the 
outer,  which  latter  may  usually 
be  traced  down  to  a  rough 
elevation  placed  on  the  outer 
side  of  the  shaft  about  its 
middle,  called  the  deltoid  emi- 
nence. Into  the  outer  lip  of  the 
bicipital  groove  are  inserted 
the  fibres  of  the  pectoralis 
major  muscle  ;  hence  it  is  some- 
times described  as  the  pectoral 
ridge.  To  the  floor  of  the  groove 
the  latissimus  dorsi  is  attached ; 
whilst  the  teres  major  muscle 
is  inserted  into  the  inner  lip. 

The  deltoid  eminence  (tul)er- 
ositas  deltoidea),  to  which  the 
powerful  deltoid  muscle  is 
attached,  is  a  rough,  slightly 
elevated  V  -  shaped  surface, 
placed  on  the  outer  side  of  the 

shaft  about  its  middle.  The  anterior  limb  of  the  V  is  parallel  to  the  axis  of  the 
shaft,  and  is  continuous  with  the  outer  lip  of  the  l)icipital  groove  above,  whilst  the 


Extensor  carpi 


Radial  fossa 
Tendon  of  exten- 
sor muscle 
External 
epicondyle 
Capitellum 


CORONDID  FOSSA 

Pronator  radii  teres 
Internal 
epicondylk 
Tendon  of  flexor 
muscles 

Trochlea 


Fk;.  128. — Antkiuor  View  of  the  RiiiHT  Humerus. 
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posterior  limb  of  the  V  winds  ol)liquely  round  the  outer  side  of  the  bone  towards 
the  posterior  surface,  where  it  becomes  continuous  with  a  slightly  elevated  and 

occasionally  rough  ridge  which  leads 
up  the  back  of  the  bone  towards  the 
great  tuberosity  superiorly ;  from 
this  latter  ridge  the  outer  head  of 
the  triceps  muscle  arises. 

The  inner  surface  of  the  shaft 
about  its  middle  inclines  to  form 
a  rounded  border,  on  which  there 
is  often  a  rough  linear  impression, 
which  marks  the  insertion  of  the 
coraco-bracliialis    muscle.  Below' 
this  the  shaft  becomes  compressed 
and    expanded    laterally,  ending 
inferiorly  on    either   side    in  the 
condyles.       Its    surfaces   are  now 
anteriorand  posterior, being  separated 
from  each  other  by  two  clearly  de- 
fined borders,  the  epicondylic  ridges. 
Of     these,     the     internal,  margo 
medialis,  is  the  more  curved  and  less 
pj'ominent,  and  is  continuous  above 
with  the  surface  to  which  the  coraco- 
brachialis    is  attached,  whilst  in- 
feriorly it  ends  by  blending  with 
the  internal  condyle.    The  external 
epicondylic    ridge,   margo  lateralis, 
is  straighter  and  more  projecting ; 
its  edge  is  usually  distinctly  lipped. 
Confluent  with  the  external  condyle 
inferiorly,  it  may  be  traced  upwards 
to  near  the  deltoid  eminence,  where 
it   turns    backwards  more   or  less 
parallel    to   the    posterior  oblique 
border  of  that  impression,  to  be  lost 
on  the  posterior  surface  of  the  shaft. 
The  interval  between  this  border 
and  the  deltoid  eminence  is  thus 
converted   into  a   shallow  oblique 
furrow,  which  winds  round  the  outer 
surface  of  the  bone  just  below  its 
middle  ;  this  constitutes  the  musculo- 
spiral  groove'  (sulcus  radialis)  along 
which  the  musculo-spiral  nerve,  to- 
gether with  the  superior  profunda 
artery,  passes  from  the  back  to  reach 
tlie  front  of  the  arm.     To  the  epi- 
condylic  ridges   are   attached  the 
intermuscular  septa,  whilst  the  ex- 
ternal   in    its    upper    two  -  thirds 
furnishes  a  surface  for  the  origin 
of  the  brachio- radialis  (supinator- 
longus),  and  in  its  lower  third  for 
the  extensor  carpi  radialis  longior 
muscle. 

The  anterior  surface  of  the  lower 
triauguliir  form,  the  base  corresponding  to  the 
down  the  centre  of  this  is  a  broad, 
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Fig.  129. — Posterior  View  ok  the  Right  Humerus, 


half  of  the  shaft  is  of  elongated 
inferior  extremity  of  the  bone.  Runniu 
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Lesser  ti'bf.rositv 

Snbsc:iiJiilaiis 


Head 


rounded,  elevated  ridge,  most  pronounced  altove,  where  it  joins  the  deltoid 
eminence,  and  sloping  on  either  side  towards  the  epicondylic  ridges ;  it  is  into  the 
outer  of  these  slopes  that  the 
musculo  -  spiral  groove  flows. 
Inferiorly  the  elevated  surface 
spreads  out,  and  becomes  con- 
fluent with  the  condyles,  more 
correctly  termed  the  epicondyles. 
The  internal  epicondyle  (epicon- 
dylus  medialis)  is  the  more 
prominent  of  the  two,  and 
furnishes  a  surface  for  the  origin 
'of  the  pronator  radii  teres,  and 
the  superficial  flexor  muscles  of 
the  foreann.  The  external  epi- 
condyle (epicondylus  lateralis), 
stunted  and  but  little  projecting, 
serves  for  the  attachment  of 


Int.  ei'i-_ 
i'ondyi.e' 


Great 
tuberosity 


Infra- 
spinatus 


Fi(i.  130.— Thk  Head  (ik  the  Richt  Humkkcs  as  seex  fho.m 
Above  (with  the  outline  of  tlie  lower  e.xtreniity  in  relation 
thereto  shown  in  dotted  line. ) 


Capitelutm 


(Olecranon  fossa 


Fig.  1.31.— The  Lower  Extremity  of  the 
RioHT  Hdmerus  as  seen  from  Bei.ow. 


for  the  passage  of  the  ulnar 
anconeus  muscle.    The  inner 

muscle  has  an  extensive  origin  from  the  posterior 
surface  of  the  lower  two-thirds  of  the  shaft,  internal 
to  and  below  the  musculo-spiral  groove. 

The  lower  extremity  of  the  humerus  is  furnished 
with  two  articular  surfaces  (the  condyles  proper), 
the  outer  of  which,  called  the  capitellum  (capitu- 
lum),  for  articulation  with  the  upper  surface  of  the 
liead  of  the  radius,  is  a  rounded  eminence,  placed 
on  the  anterior  surface  and  lower  border,  but  not 
extending  upwards  on  the  posterior  surface  of  the 
inferior  end  of  the  bone.  Above  it,  in  front,  there 
is  a  shallow  depression  (fossa  radialis),  into  which 
the  margin  of  the  head  of  the  radius  sinks  when  the 
elbow  is  strongly  flexed.  A  shallow  groove  separates 
the  capitellum  internally  from  the  trochlea,  which  is 
a  grooved  articular  surface,  with  prominent  edges 
winding  spirally  round  the  lower  extremity  of  the 
shaft.  The  spiral  carves  from  behind  forwards  and 
inwards,  and  its  axis  is  slightly  oblique  to  the  long 
axis  of  the  shaft.  The  inner  lip  is  the  more  salient 
of  the  two,  and  forms  a  sharp  and  well-defined 
margin  to  the  articular  area  ;  its  cartilage-covered 
surface  is  slightly  convex.  The  outer  lip,  much 
less  prominent,  is  rounded  off  into  the  articular 
groov^  which  separates  it  from  the  capitellum, 
posterior  to  which,  however,  it  is  carried  up  as 
a  more  or  less   definite   crest.     It   is   by  means 


the  common  tendon  of  origin  of  the  extensor 
muscles.  The  brachialis  anticus  muscle 
has  an  extensive  origin  from  the  anterior 
surface  of  the  lower  half  of  the  shaft,  in- 
cluding between  its  upper  slips  the  inser- 
5  tion  of  the  deltoid. 

5        The  posterior  surface  of  the  lower  ]ialf 
I  of  the  shaft  is  smooth  and  rounded  from 
f.  side  to  side ;  somewhat  flattened  below, 
r  where  the  whole  shaft  tends  to  incline 
forwards,  it  Ijecomes  continuous  on  either 
side  with  the  posterior  surfaces  of  the 
epicondyles,  the  inner  of  which  is  grooved 
nerve,  whilst  the  external  supplies  an  origin  for  the 
head  of  the  triceps 
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huineruH  articulates  with  the  great  sigmoid  cavity  of  the  ulna.  On  the  anterior 
surface  of  the  bone,  immediately  above  the  trochlea,  is  a  depression — the  coronoid 
fossa  (fossa  coronoidea),  in  which  the  coronoid  process  of  the  ulna  rests  in  tiexion 
of  the  joint,  whilst  in  a  corresponding  position  on  the  back  of  the  lower  end  of 
the  shaft  there  is  a  hollow,  called  the  olecranon  fossa  (fossa  olecrani),  just  above  the 
trochlea  posteriorly.  Into  this  the  olecranon  process  sinks  when  the  elbow  is 
extended.  The  two  fossa;  are  separated  by  a  thin  translucent  layer  of  bone  which 
may  be  deficient,  thus  leading  to  the  formation  of  a  foramen  between  the  two 
hollows  in  the  macerated  bone.  The  anterior  part  of  the  capsule  of  the  elbow 
joint  is  attached  to  the  superior  margins  of  the  radial  and  coronoid  fosste  in 
front,  whilst  the  posterior  ligament  is  connected  with  the  upper  border  and  lateral 
edges  of  the  olecranon  fossa  behind.  The  strong  internal  and  external  lateral 
ligaments  are  attached  superiorly  to  the  internal  and  external  epicondyles  respec- 
tively. The  proportionate  length  of  the  humerus  to  the  body  height  is  as  1  is  to 
4-93-5-25. 

Nutrient  foramina  are  usually  to  he  seen,  one  at  or  near  tlie  surface  for  the  insertion  of  the 
coraco-hracliialis,  tlie  other  usually  close  to  tlie  hinder  horder  of  tlie  deltoid  eniinenee  ;  l)oth 
have  a  downward  direction.  Numerous  vascular  foramina  are  scattered  along  the  line  of  the 
anatomical  neck,  tin-  lai'j^er  ones  being  situated  near  the.upper  end  of  tlie  bicipital  groove. 

Connexions. — The  humerus  articulates  with  tlic  scapula  above,  and  radius  and  ulna  lielow. 
Enilx'dded  as  the  humerus  is  in  the  substance  of  the  upper  arm,  its  shaft  and  head  are  surrounded 
on  all  sides.  It  is  only  at  its  lower  part  that  it  comes  into  direct  relation  with  tlie  surface,  the 
internal  epicondyle  forming  a  characteristic  projection  on  the  inner  side  of  the  ell)ow  ;  whilst  the 
external  epicondyle,  less  prominent,  and  the  external  epicondylic  ridge  can  liest  be  recognised 
when  tlie  elbow  is  bent. 

Architecture. — The  shaft  consists  of  a  layer  of  compact  bone  surrounding  a  long  medullary 
canal.  The  outer  shell,  thickest  in  the  lower  third  of  the  bone,  gradually  thins  until  it  reaches 
the  sujicrior  e])i]>hysial  line,  where  it  forms  a  layer  no  thicker  than  stout  paper.  Inferiorly 
the  external  shtdl  is  thicker  and  stouter  than  above,  until  it  reaches  the  epicondyles,  below 
which  tile  articular  surfaces  are  formed  of  a  layer  of  compact  spongy  bone.  The  upper  end  of 
the  medullary  canal  is  surrounded  l)y  loose  sjiongy  tissue,  the  filires  of  which  arch  inwards 
from  the  inner  surface  of  the  compact  outer  layer,  ^\•^lilst  inferiorly  tlie  cancellous  tissue 
wliich  springs  fr(.)ni  the  outer  shell  sweeps  downwards  in  a  radiating  fashion  on  either  side 
of  the  olecranon  fossa  towards  the  epicondyles.  Above  tlie  olecranon  fossa  there  are  a 
number  of  lamina;  of  dense  'bone  which  arch  across  from  one  side  to  the  other,  the  con- 
vexity of  the  arches  being  directed  downwards.  The  superior  epijiliysis,  formed  of  spongy 
bone,  is  united  to  the  shaft  by  a  wavy  line,  concave  externally  and  convex  internally,  leading 
from  the  l)ase  of  the  great  tnlierosity  on  the  outer  side  to  the  inferior  articular^ edge  on  the  inner 
side.  The  mass  above  this  includes  the  head  and  two  tuberosities.  The  sjiongy  tissue  of  the 
head  is  line,  and  is  arranged  generally  in  lines  radial  to  its  surface  ;  that  of  the  great  tuberosity 
is  more  open,  and  often  displays  large  .spaces  towards  its  interior,  which  in  old  l)ones  communi- 
cate freely  with  tlie  medullary  cavity  of  the  shaft.  The  general  direction  of  the  filiires  is 
parallel  to  the  outer  surface  of  tlie  tuberosity.  The  lower  articular  end  is  formed  of  fine  spongy 
tissue,  more  compact  towards  the  surface,  and  arranged  in  lines  more  or  less  at  right  angles  to  its 
articular  planes.  In  the  adult  the  principal  nutrient  canal,  viz.  that  which  opens  on  the 
surface  near  the  insertion  of  the  coraco-bracliialis,  traverses  the  outer  compact  wall  of  the  shaft 
oblicpiely  downwards  for  a  distance  of  two  and  a  quarter  inches  before  it  opens  into  tlie 
med ullai'y  cavity. 

Variations. — As  has  been  already  stated,  the  olecranon  and  coronoid  foss;e  may  communicate 
with  each  other  in  the  macerated  bone.  The  resulting  supratrochlear  foramen  is  more 
commonly  met  with  in  the  flower  races  of  man,  as  well  as  in  the  anthropoid  apes,  and  in 
some  other  mammals.  The  occurrence  of  a  hook -like  sjiine,  called  the  eiiicondylic  jn-ocess, 
which  projects  in  front  of  the  internal  epicondylic  ridge,  is  not  uncommon.  Its  extremity  is 
connected  with  the  internal  epicondyle  by  means  of  a  fibrous  band,  underneath  which  the  median 
nerve,  accompanied  by  the  lirachial  artery,  or  one  of  its  large  branches,  may  jiass,  or  in  some 
instances,  the  nerve  alone,  or  the  artery  unaccompanied  by  tlie  nerve.  This  process  is  tlie  homo- 
logue  in  a  rudimentary  form  of  a  canal  present  in  many  animals,  notably  in  the  carnivora  and 
marsupials.  In  addition  to  the  liroad  iiiusculo-spiral  groove  already  described,  and  which  is  no 
doubt  jH'oduced  by  the  twisting  or  torsion  of  the  shaft,  there  is  occasionally  a  distinct  narrow 
groove  posterior  to  it,  Mdiicli  marks  jirecisely  the  course  of  the  niusculo-spiral  nerve  as  it  turns 
round  the  outer  side  of  the  sliaft  of  the  lione. 

Ossification. — At  birth  tlie  shaft  of  the  humerus  is  usually  the  only  part  of  the 
bone  ossified,  if  we.  except  the  occasional  presence  (22  per  cent)  of  an  ossific  centre  in  the 
head.  (H.  R.  Spencer,  Journ.  Anat.  and  Physiol,  vol.  xxv.  p.  552.)  The  centre  for  the 
sliaft  makes  its  appearance  early  in  the  second  month  of  intrauterine  life.  AVithin  the 
hrst  six  months  after  birth  a  centre  usually  appears  for  the  head  ;  this  is  succeeded  by 
one  for  the  great  tuberosity  during  the  second  or  third  year.    Tliese  soon  coalesce  ;  and 
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u  third  centre  for  the  small  tuberosity  begins  to  appear  about  the  end  of  the  third  year, 
or  uiiiy  l)e  deUxj'ed  till  the  fourth  or  fifth  year.  These  three  centres  are  all  blended  by 
the  seventh  year,  and  form  an  epiphysis,  which  ultimately  unites  with  the  shaft  about 
the  age  of  twenty-five.  It  may  be  noticed  that  the  superior  end  of  the  diaphysis  is 
conical  and  pointed  in  the  centre,  over  which  the  epiphysis  fits  as  a  cap,  an  arrangement 
which  thus  tends  to  prevent  its  displacement  before  union  has  occurred.  The  first  centre 
to  appear  in  the  loiver  e.rtremlty  is  that  for  the  capitellum  about  the  second  or  third 
year.  This  extends  inwards,  and  forms  the  outer  half  of  the  trochlear  surface,  the 
centre  for  the  inner  lialf  not  making  its  appearance  till  the  eleventh  or  tweltth  year. 


At  liirtli.    About  5  years. 


About  12  year.s. 
Fig.  133.— Os.sification  of  thk  Humerus. 


Al)out  16  yeiu> 


1.  Appears  early  in  2iid  montli  fetal  life. 

2.  For  tuberosity,  appears  2  to  3  years. 

3.  For  head,  appears  within  first  B  months. 

4.  For  internal  condyle,  appears  about  5  years. 

5.  For  capitellum,  appears  2  to  3  years, 
(i.  Appears  about  12  years. 

7.  Centres  for  head  and  great  tuberosity,  coalesce»about 
5  years. 


S.  Centres  for  small  tuberosity  fuse  with  other  centres 

about  7  years, 
ii.  Appears  about  11  or  12  years. 

10.  Inferior  epiphysis  fuses  with  .sliaft  about  Ifi  to  17  years. 
U.  Superior  epiphysis  fu.ses  with  shaft  about  2.5  years. 
12.  Fuses  with  shaft  aboiit  17  to  IS  years. 


Separate  centres  are  developed  in  connexion  with  the  epicondyles  ;  that  for  the  external 
appears  about  the  twelfth  year,  and  rapidly  coalescing  with  the  centres  for  the  capitellum  and 
trochlea  forms  an  epiphysis,  which  luiites  with  the  shaft  about  the  sixteenth  or  seventeenth 
year.  The  centre  for  the  internal  epicondyle  appears  about  the  fifth  year ;  it  forms  a 
separate  epiphysis,  which  unites  with  the  shaft  about  eighteen  or  nineteen.  These  two 
epiphyses  at  the  lower  end  of  the  bone  are  separated  by  a  down-growth  of  the  shaft, 
which  lies  between  the  internal  epicondyle  and  the  trochlea,  and  forms  part  of  the 
base  and  inner  side  of  the  latter  process. 

The  epicondylic  process  when  present  is  developed  from  the  diaphysis,  and  has 
been  observed  to  be  already  well  ossified  by  the  third  year.  ("  Proc.  Anat.  Soc."  Journ. 
Anat.  and  Physiol,  1898.)  ^ 


The  Ulna. 

Of  the  two  bones  of  the  forearm,  the  ulna,  which  is  placed  internally,  is  the 
longer.  It  consists  of  a  large  superior  extremity  supporting  the  olecranon  and 
coronoid  processes ;  a  shaft  tapering  from  above  downwards ;  and  a  small  rounded 
inferior  end  called  the  head. 

Superior  extremity. — The  olecranon  process  (olecranon)  lies  in  line  with  the 
shaft.     Its  posterior  surface,  more  or  less  triangular  in  form,  is  smooth  and 
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subcutaneous  and  covered  by  a  l)ui-sa.  Its  superior  aspect,  which  forms  with  tlie 
posterior  surface  a  nearly  rectangular  projection — the  tip  of  the  elbow — furnishes 

a  surface  for  the  insertion  of  the  tendon  of  the 
triceps  muscle,  together  with  a  smooth  area  which 
is  overlain  })y  the  same  tendon,  but  separated 
from  it  by  a  bursal  sac.  To  the  anterior  crescentic 
Ijorder  of  this  process  are  attached  the  fibres  of  the 
posterior  part  of  the  capsule  and  portion  of  the 
internal  lateral  ligament  of  the  elbow  joint.  The 
anterior  surface  is  articular,  and  enters  into  the 
formation  of  the  great  sigmoid  cavity. 

The  coronoid  process  (processus  coronoideus)  is 
a  bracket-like  process,  which  juts  forwards  from 
the  fore  and  upper  part  of  the  shaft,  and  is  fused 
with  the  olecranon  process  superiorly.  By  its 
upper  surface  it  enters  into  the  formation  of  the 
great  sigmoid  cavity,  whilst  its  anterior  aspect, 
which  is  separated  from  its  upper  side  by  a  sharp 
irregular  margin,  slopes  downwards  and  backwards 
to  become  confluent  with  the  anterior  surface  of 
the  shaft.  Of  triangular  shape,  tliis  area,  which 
is  rough  and  tul)ercular,  terminates  inferiorly  in 
an  oval  elevated  tubercle  (tuberositas  ulnie),  into 
which  the  tendon  of  the  brachialis  anticus  muscle 
is  inserted,  (^f  the  lateral  margins  of  the  coronoid 
process,  the  inner  is  usu3.11y  the  better  defined. 
Above,  where  it  joins  the  superior  border,  there 
is  generally  a  salient  tul)ercle,  to  which  one  of 
the  heads  of  origin  of  the  flexor  sublimis  digi- 
torum  muscle  is  attached,  whilst  below  this  point 
the  inner  tiorder  furnishes  origins  for  t?he  pronator 
radii  teres,  and  occasionally  for  the  flexor  longus 
pollicis  muscles,  from  above  downwards.  The 
smooth  inner  surface  of  the  coronoid  pi'ocess 
merges  with  the  olecranon  behind,  and  with  the 
internal  surface  of  the  shaft  below. 

The  great  sigmoid  cavity  (iocisura  semilunaris), 
for  articulation  with  the  trochlea  of  the  humerus, 
is  a  semicircular  notch,  the  upper  part  of  which 
is  formed  by  the  anterior  surface  of  the  olecranon, 
whilst  below  it  is  completed  by  the  upper  surface 
of  the  coronoid  process.  Constricted  towards  its 
deepest  part  by  the  notching  of  its  lateral  borders, 
the  articular  surface  is  Qccasionally  crossed  by  a 
narrow  impression  which  serves  to  define  the 
olecranon  process  above  from  the  coronoid  below, 
jl-i   jn  The   articular   area   is   divided   into  an  inner 

' ])ortion,  slightly  concave   transversely,  and  an 

outer  part,  transversely  convex  to  a  slight  degree, 
by  a  longitudinal  smooth  ridge  which  extends 
from  the  most  prominent  part  of  the  border  of 
the  olecranon  above  to  the  most  outstanding  point 
of  the  coronoid  process  below.  The  margins  of 
the  great  sigmoid  cavity  are  sharp  and  well  de- 
fined, and  serve,  with  the  exception  of  the  area 
occupied  by  the  small  sigmoid  cavity,  for  the 
attachment  of  the  capsule  of  the  elbow  joint. 

The  small  sigmoid  cavity,  placed  on  the  outer  side  of  the  coronoid  process,  is  an 
oblono-  articular  surface  for  the  receiition  of  the  head  of  the  radius.    It  encroaches 
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on  the  lower  and  outer  part  of  the  great  sigmoid  notch,  so  as  to  narrow  it 
considerably.  Separated  from  it  by  a  rectangular  curved  edge,  it  displays  a  surface 
which  is  plane  from  above  downwards,  and  concave  from  before  backwards.  Its 
anterior  extremity  is  narrower  and  more  pointed  than  its  posterior,  and  becomes 
continent  with  the  anterior  edge  of  the  coronoid  process,  at  which  point  the 
orbicular  ligament,  which  retains  the  head  of  the  radius  in  position,  is  attached  in 
front.  Its  posterior  border,  wider  and  more  outstanding,  lies  in  line,  and  is  con- 
tinuous with  the  interosseous  margin  of  the  shaft.  Behind  this  border,  the 
orbicular  ligament  is  attached  posteriorly. 

The  shaft  of  the  ulna  (corpus  ulute),  which  is  nearly  straight,  or  but  slightly 
curved,  is  stout  and  thick  above,  gradually  tapering  towards  its  lower  exti-emity. 
It  may  be  divided  into  two  surfaces,  a  flexor  and  an  extensor,  by  two  well-defined 
l)orders,  an  external  or  interosseous  (crista  interossea),  and  a  posterior  (margo 
dorsahs),  which  latter  is  subcutaneous  throughout  its  whole  length. 

The  outer,  or  interosseous  border  (crista  interossea),  is  crisp  and  sharp  in  the 
upper  three-fourths  of  the  shaft,  but  becomes  faint  and  ill-defined  in  the  lower 
fourth.  To  this,  with  the  exception  only  of  the  part  which  forms  the  posterior 
boundary  of  the  bicipital  hollow,  is  attached  the  interosseous  membrane  which 
connects  the  two  bones  of  the  forearm.  The  posterior  border  (margo  dorsalis),  of 
sinuous  outline,  curving  outwards  above,  and  slightly  inwards  below,  is  continuous 
superiorly  with  the  triangular  subcutaneous  area  on  the  back  of  the  olecranon, 
being  formed  by  the  contiueuce  of  the  borders  which  bound  that  surface ;  well 
marked  above,  it  becomes  faint  and  more  rounded  below,  but  may  be  traced  down- 
wards to  the  posterior  surface  of  the  base  of  the  styloid  process.  To  this  border  is 
attached  an  aponeurosis  common  to  the  flexor  carpi  ulnaris,  extensor  carpi  ulnaris, 
and  flexor  profundus  digitorum  muscles.  A  noteworthy  feature  in  connexion  with 
this  part  of  the  sliaft  is  the  fact  that  it  is  subcutaneous,  and  can  easily  be  felt 
beneath  the  skin  throughout  its  whole  length. 

The  flexor  surface  corresponds  to  the  front  and  inner  side  of  the  shaft.  It  is 
frequently  described  as  consisting  of  two  surfaces,  an  anterior  and  an  internal, 
which  are  separated  by  a  rounder  anterior  border  (margo  volaris),  which  extends 
from  the  tubercle  above  towards  the  styloid  process  below.  The  prominence  of 
this  ridge  varies  in  different  l^ones,  being  well  marked  in  bones  of  a  pronounced 
type,  but  corresponding  merely  to  the  rounding  of  the  surfaces  in  poorly  developed 
specimens.  The  flexor  aspect  of  the  bone  affords  an  extensive  origin  to  the  flexor 
profundus  digitorum  muscle,  which  clothes  its  anterior  and  inner  sides  in  its  upper 
three-fourths,  reaching  as  far  back  as  the  posterior  border,  and  extending  upwards 
as  high  as  the  inner  side  of  the  cpronoid'  process.  Immediately  below  the  small 
sigmoid  cavity  there  is  a  hollow  triangular  area,  limited  behind  by  the  upper  part 
of  the  interosseous  crest,  and  defined  in  front  by  an  oblique  line  wliich  extends 
downwards  and  backwards  from  the  outer  margin  of  the  coronoid  process.  In  this 
hollow  the  bicipital  tubercle  of  the  radius  rests  when  the  forearm  is  in  the  prone 
position,  and  to  its  floor  are  attached  the  fibres  of  origin  of  the  supinator  brevis 
muscle.  The  lower  fourth  of  the  shaft  is  crossed  by  the  fibres  of  the  pronator 
quadratus  muscle,  which  derives  its  origin  from  a  more  or  less  well  defined  crest, 
which  winds  spirally  downwards  and  backwards  towards  the  front  of  the  root  of  the 
styloid  process,  and  is  continuous  above  with  the  so-called  anterior  border. 

The  extensor  aspect  of  the  shaft  lies  posteriorly  between  the  posterior  border 
and  the  interosseous  crest.  At  its  upper  part  it  is  placed  behind  the  great  and 
small  sigmoid  cavities,  extending  on  to  the  outer  side  of  the  olecranon.  Here  an 
area  corresponding  to  the  upper  tliird  of  the  length  of  the  bone  is  marked  off 
inferiorly  by  an  oblique  ridge  which  leaves  the  interosseous  crest  about  an  inch  or 
more  below  the  liinder  edge  of  the  small  sigmoid  cavity.  Into  this  somewhat 
triangular  surface  the  fibres  of  the  anconeus  are  inserted.  Below  this  the 
posterior  surface  is  subdivided  by  a  faint  longitudinal  ridge,  the  bone  between 
which  and  the  interosseous  crest  furnishes  origins  for  the  extensor  ossis  metacarpi 
poUicis,  extensor  longus  poUicis,  and  extensor  indieis  muscles,  in  order  from  above 
downwards.  The  surface  of  bone  between  the  posterior  border  and  the  afore-men- 
tioned longitudinal  line  is  smooth  and  overlain  by  the  extensor  carpi  ulnaris  muscle. 
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The  inferior  extremity  of  the  uhia  presents  ii  rounded  head  (capitulum  nhue), 
from  which,  on  its  inner  and  posterior  a,spect,  there  ])rojects  downwards  a  cylindrical 

pointed  process  called  the  styloid 
process  (processus  styloideus). 
To  the  extremity  of  this  latter 
is  attached  the  external  lateral 
ligament,  wliilst  in  front  it  has 
connected  with  it  the  antero- 
internal  portion  of  the  capsule 
of  the  wrist  joint.  The  autero- 
external  half  of  the  circum- 
ference of  the  head  is  furnished 
with  a  smooth  narrow  convex 
articular  surface,  which  fits  into 
the  sigmoid  cavity  of  the  radius. 
Its  inferior  surface,  flat  and 
semilunar  in  shape,  and  separ- 
ated from  the  root  of  the  styloid 
process  by  a  well-marked  groove, 
rests  on  the  upper  surface  of 
the  triangular  fibro  -  cartilage 
of  the  wrist,  the  apex  of  which 
is  attached  to  the  groove  just 
mentioned.  The  margins  of  the 
head  in  front  and  behind  the 
radial  articular  surface  have 
attached  to  them  the  anterior 
and  posterior  inferior  radio- 
ulnar ligaments.  The  hinder 
and  outer  surface  of  the  styloid 
process  is  channelled  by  a  groove 
which  separates  it  from  the 
posterior  surface  of  the  head, 
and  extends  some  little  way  up 
the  posterior  aspect  of  the  lower 
end  of  the  shaft.  In  this  is 
lodged  the  tendon  of  the  ex- 
tensor carpi  ulnaris  muscle. 
The  proportionate  length  of  the 
ulna  to  the  body  height  is  as 
1  is  to  6-26-6-66. 
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Nutrient  Foramina. — A  fora- 
men, having  an  ui>ward  direction 
for  the  nutrient  artei-y  of  tlie  sliaft, 
opens  on  the  anterior  surface  of  the 
l)one  from  two  to  three  inches  helow 
tile  tuberosity.  Vascuhir  canals  of 
large  size  are  seen  above  and  Ijehind 
the  small  sigmoid  cavity,  just  jjos-  . 
terior  to  the  notched  external  border 
of  tlie  great  sigmoid  cavity.  At  the 
lower  end  of  the  bone  similar  open- 
ings are  seen  in  the  groove  between 
the  styloid  process  and  the  inferior 
articular  surface  of  the  lieacl. 

Connexions. — The  ulna  articu- 
lates al>o\e  witli  the  trochlea  of 
the  humerus.  On  the  outer  side  it 
is  in  contact  with  the  radius  above  and  below,  the  superior  radio  -  ulnar  articulation  being 
formed  by  the  head  of  the  radius  and  the  small  sigmoid  cavity  of  the  ulna,  the  inferior  radio- 
ulnai'  joint  comprising  the  head  of  the  ulna,  which  fits  into  the  sigmoid  cavity  of  the  ratlins. 
]5etween  lliese  two  joints  the  shafts  of  the  bones  are  united  by  the  interosseous  mendjrane.  The 
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inferior  surface  of  tlie  head  of  the  ulna  does  not  articuhite  witli  the  carpus,  but  rests  on  the 
upper  surface  of  tlie  interposed  triangular  fibro-cartilage.  The  ulna  is  superficial  throughout  its 
entire  extent.  Superiorly  the  olecranon  process  can  be  readily  recognised,  particularly  when  the 
elbow  is  bent,  as  in  this  position  the  olecranon  is  withdrawn  from  the  olecranon  fossa  of  the 
humerus  in  which  it  rests  when  the  Joint  is  extended.  Below  this  the  suljcutaneous  triangular 
area  on  the  back  of  the  olecranon  can  be  easily  determined,  and  from  it -the  posterior  border  of 
the  bone  can  readily  Ije  traced  along  the  line  of  the  "  ulnar  furrow  "  to  the  styloid  jarocess  below. 
With  the  hand  supine  tliis  latter  jirocess  can  be  felt  to  the  inner  side  and  slightly  behind  the 
wi'ist.  When  the  hand  is  jironated,  the  lowei'  end  of  the  radius  rolls  round  the  lower  extremity 
of  the  ulna,  and  the  ])Osterior  sui'face  of  tlie  head  of  the  latter  bone  now  forms  a  well-marked 
projection  on  the  back  of  the  wrist  in  line  with  the  cleft  between  the  little  and  ring  fingers. 

Architecture. — The  weakest  parts  of  the  bone  are  the  constricted  portion  of  the  great 
sigmoid  cavity,  and  tlie  shaft  in  its  lower  third,  the  bone  being  most  liable  to  fracture  at  these 
points.  On  section  the  medullary  cavity  is  seen  to  extend  upwards  as  high  as  the  base  of  the 
cor.onoid  process;  inferiorly  it  reaches  as  low  as  the  upjier  end  of  the  lower  fifth  of  the  bone.  The 
walls  of  the  shaft,  which  are  formed  of  dense  bone,  are  much  thicker  posteriorly  than  anteriorly. 
Above  they  are  continuous  with  the  front  of  the  coronoid  process  and  the  back  of  the  olecranon, 
■where  they  are  composed  of  layers  of  looser  texture,  which,  however,  gradually  Ijecome  thinner  as 
the  ijoints  of  these  processes  are  reached.  Inferiorly  they  gradually  taper  until  the  head  and' 
styloid  jjrocess  are  reached,  round  which  they  form  a  thin  shell,  considerably  thickened,  however, 
in  the  region  of  the  groove  for  the  extensor  car2)i  ulnaris  muscle.  The  bulk  of  the  upper 
extremity  is  formed  of  loose  cellular  bone,  arranged  in  a  series  of  arcades,  stretching  from  the 
anterior  to  the  posterior  wall  over  the  upper  end  of  the  medullary  canal.  Above  the  constricted 
part  of  the  great  sigmoid  cavity  the  bone  displays  a  different  structure ;  here  it  is  formed  of 
spongy  bone,  of  closer  texture,  arranged  generally  in  lines  radial  to  the  articular  surface.  At  the 
point  of  constriction  of  the  great  sigmoid  cavity,  the  layer  immediately  subjacent  is  much  denser 
and  more  compact. 

The  lower  fifth  of  the  bone  is  formed  of  loose  spongy  bone,  the  fibres  of  which  have  a  general 
longitudinal  arrangement ;  towards  its  extremity  the  meshes  become  smaller. 

Variations. — Cases  of  partial  or  comjilete  absence  of  the  ulna  through  congenital  defect  have 
been  recorded.  Rosenmiiller  has  descrilied  a  case  in  which  the  oleciunon  was  separated  from  the 
upper  end  of  the  bone,  resembling  thus  in  some  respects  the  patella.  In  powerfully  developed 
bones  there  is  a  tendency  to  the  formation  of  a  sharp  projecting  crest  corresponding  to  the  inser- 
tion of  the  tiiceps. 

Ossification. — 'J'lie  ulna  is  ossified  from  one  priniar\'  and  two  or  more  secondarv 
centres.  The  centre  for  tlie  shaft  appears 
eai'ly  in  the  second  month  of  foetal  life. 
At  birth  the  shaft  and  a  considerable  part 
of  the  upper  extremity,  including  the 
coronoid  process,  are  ossified,  as  well  as  part 
of  the  lower  extremity.  The  olecranon 
process  and  the  inferior  surface  of  the  head 
and  the  styloid  process  are  cartilaginous. 
About  ten  years  of  age  a  secondary  centre 
appears  in  the  cartilage  at  the  upper  ^end 
of  the  bone,  and  forms  an  epiphysis 
which  unites  with  the  shaft  about  sixteen. 
A  scale-like  centre  appears  in  the  cartilage 
of  the  bead  about  the  sixth  ye;ir,  from 
which  the  under  surface  of  that  part  of  the 
bone  is  developed,  and  by  tlie  extension  of 
which  the  styloid  process  is  also  ossified  ; 
this  epiphysis  does  not  unite  with  the  shaft 
till  the  twentieth  or  twenty -third  year. 
Independent  centres  for  the  styloid  process 
and  for  the  extreme  edge  of  the  olecranon 
have  also  been  described.  The  student 
may  here  be  warned  that  the  epiphysial 
line  between  the  shaft  and  superior  or 
olecranon  epiphysis  does  not  correspond 

to  thC'  constricted  part  of  the  great  sigmoid  cavity,  but  lies  considerably  above  it. 
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The  radius,  or  outer  bone  of  the  forearm,  is  shorter  than  the  ulna,  with  which 
it  is  united  on  the  inner  side.    Superiorly  it  articulates  with  the  humerus,  and 
13 


FiLses  with  sliaft  about  lU  years 


Fust'.s  with  shaft  20-Ti  years 
At  Birtli.    About  1'2  years.       About  16  years. 
Fio.  136. — The  Ossification  of  the  Ulna. 
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below  supports  the  carpus.  It  consists  of  a  head,  a  neck,  a  tubercle,  a  shaft, 
and  an  expanded  lower  extremity.    The  shaft  is  narrow  above,  but  increases  in  all 

its  diameters  below. 

Upper  Extremity. — The 
head  (capitulum)  is  disc- 
shaped and  provided  with 
a  shallow  concave  surface 
(fovea  capituli  radii)  superi- 
orly for  articulation  with 
the  capitellum  of  the 
humerus.  The  circum- 
ference of  the  head  (cir- 
cumferentia  articularis)  is 
smooth  and  is  embraced  by 
the  orbicular  ligament.  On 
the  inner  side  it  is  usually 
much  broader,  and  dis- 
plays an  articular  surface, 
plane  from  above  down- 
wards, which  rolls  within 
the  small  sigmoid  cavity 
of  the  ulna  in  the  move- 
ments of  pronation  and 
supination.  The  character 
of  the  outer  half  of  the 
circumference  differs  from 
the  inner  in  being  nar- ' 
rower,  and  rounded  from ' 
above  downwards. 

The  neck  (collum  radii) 
is  the  narrow  part  of  the 
shaft  which  supports-  the 
head,  the  overhang  of  the 
latter  being  greatest  to- 
wards the  outer  and  pos- 
terior side.  Below  the 
nebk,  on  the  inner  side, 
there  is  an  outstanding 
oval  prominence,  the  bi- 
cipital tuberosity  (tuber- 
ositas radii).  The  posterior 
half  of  this  is  rough  for 
the  insertion  of  the  biceps 
tendon,  whilst  the  anterior 
half  is  smooth  and  covered 
by  a  bursa  wliich  intervenes 
between  it  and  the  tendon. 

The  shaft  (corpus  radii), 
which  has  an  outward  curve 
and  is  narrow  above  and 
broad  below,  is  wedge- 
shaped  on  section.  The 
edge  of  the  wedge  corre- 
sponds to  the  sharp  inner 
interosseous  margin  of  the 
bone  (crista  interossea), 
whilst  its  base  corresponds 
to  the  thick  and  rounded  outer  border  around  wliicli  the  anterior  or  flexor  surface 
becomes  confluent  with  the  posterior  or  extensor  surface. 
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The  internal  or  interosseous  border,  faint  above  where  it  lies  in  line  with  the 
posterior  border  of  the  bicipital  tubercle,  becomes  sharp  and  prominent  in  the  middle 
third  of  the  bone.  Below  this  it  splits  into  two  faint  lines,  which  lead  to  either 
side  of  the  sigmoid  cavity  on  the  lower  end  of  the  bone,  thus  including  between 
them  a  narrow  triangular  area  into  which  the  deeper  fibres  of  the  pronator 
quadratus  muscle  are  inserted.  To  this  border,  as  well  as  to  the  posterior  of  the 
two  divergent  lines,  the  interosseous  membrane  is  attached. 

The  external  border  (oftentimes  described  as  the  external  surface)  is  thick  and 
rounded  above,  but  becomes  thinner  and  more  prominent  below,  where  it  merges 
with  the  base  of  the  styloid  process.  About  its  middle  the  anterior  and  posterior 
oblique  lines  become  confluent  with  it,  and  here,  placed  between  them,  is  a  rough 
elongated  impression  which  marks  the  insertion  of  the  pronator  radii  teres  muscle. 
Above  this,  and  on  the  outer  surface  of  the  neck,  the  supinator  brevis  muscle  is 
inserted,  whilst  this,  border  below  is  overlain  by  the  tendons  of  the  brachio-radialis 
and  the  extensor  carpi  radialis  longior  and  brevier  muscles. 

The  anterior  or  flexor  surface  (facies  volaris)  is  crossed  obliquely  by  a  line  which 
runs  from  the  bicipital  tubercle  above,  downwards  and  outwards  towards  the 
middle  of  the  outer  border  of  the  shaft.  This,  oftentimes  called  the  anterior  oblique 
line,  serves  for  the  attachment  of  the  radial  head  of  origin  of  the  flexor  suljlimis 
digitorum  muscle.  Above  it,  the  front  of  the  bone  has  the  fibres  of  the  supinator 
brevis  muscle  inserted  into  it,  whilst  below  and  internal  to  it,  extending  as  low  as 
the  inferior  limit  of  the  middle  third  of  the  bone,  is  an  extensive  surface  for  the 
origin  of  the  flexor  longus  pollicis  muscle.  In  the  lower  fourth  of  the  bone,  where 
the  shaft  is  broad  and  flat  in  front,  there  is  a  surface  for  the  insertion  of  the 
pronator  quadratus  muscle  which  also  extends  to  the  interosseous  ridge. 

The  extensor  or  posterior  surface  (facies  dorsalis)  is  also  crossed  by  an  oblique 
line,  less  distinct  than  the  anterior.  This  serves  to  define  the  superior  limit  of  the 
origin  of  the  extensor  ossis  metacarpi  pollicis  muscle.  Above  this,  the  back  of  the 
neck  and  upper  part  of  the  shaft  is  overlain  by  the  fibres  of  the  supinator  brevis, 
which  become  attached  to  this  surface  of  the  bone  in  its  outer  half.  Below  the 
posterior  oblique  line  the  posterior  surface  in  the  upper  part  of  its  inner  half  gives 
origin  to  the  extensor  ossis  metacarpi  pollicis,  and  the  extensor  brevis  pollicis 
muscles  in  order  from  above  downwards. 

The  lower  extremity,  which  tends  to  be  turned  slightly  forward  when  viewed 
from  below,  has  a  somewhat  triangular  form.  Its  inferior  carpal  articular  surface, 
concave  from  before  backwards,  and  slightly  so  from  side  to  side,  is  divided  into  two 
facets  by  a  slight  antero-posterior  ridge,  best  marked  at  its  extremities  where  the 
anterior  and  posterior  margins  are  notched;  the  external  of  these  areas,  of  tri- 
angular shape,  is  for  articulation  with  the  scaphoid,  whilst  the  inner,  quadrilateral  in 
form,  is  for  the  semilunar  bone.  The  anterior  border,  prominent  and  turned  forward, 
is  rough  at  its  edge,  where  it  serves  for  the  attachment  of  the  anterior  part  of  the 
capsule  of  the  wrist  joint.  The  posterior  border  is  rough,  rounded,  and  tubercular, 
and  is  grooved  by  many  tendons  ;  of  these  grooves  the  best  marked  is  one  which  passes 
obliquely  across  its  posterior  surface.  This  is  for  the  tendon  of  the  extensor  longus 
pollicis  muscle.  The  outer  lip  of  this  groove  is  often  very  prominent,  and  forms 
an  outstanding  tubercle.  To  the  ulnar  side  of  this  oblique  groove  there  is  a  broad 
shallow  furrow  in  which  the  tendons  of  the  extensor  communis  digitorum  and 
extensor  indicis  muscles  are  lodged,  whilst  to  its  outer  side  and  between  it  and  the 
styloid  process,  there  is  another  broad  groove,  subdivided  by  a  faint  ridge  into  two, 
for  the  passage  of  the  tendons  of  the  extensor  carpi  radialis  brevier  and  the  extensor 
carpi  radialis  longior  in  that  order  from  within  outwards.  The  styloid  process  (pro- 
cessus styloideus)  lies  to  the  outer  side  of  the  inferior  extremity  ;  broad  at  its  base, 
it  becomes  narrow  and  pointed  below  where  by  its  inner  cartilage-covered  surface 
it  forms  the  summit  of  the  inferior  triangular  articular  area.  The  puter  surface  of 
this  process  is  crossed  obliquely  from  above  downwards  and  forwards  by  a  shallow 
groove,  the  anterior  lip  of  which  is  sharp  and  well  marked,  and  serves  to  separate  it 
from  the  anterior  surface  of  the  bone,  whilst  the  posterior  lip  is  often  emphasised 
by  a  small  tubercle  above.  The  tendon  of  the  brachio-radialis  muscle  is  inserted 
into  the  upper  part  of  either  lip,  and  also  spreads  out  on  to  the  floor  of  the  groove. 
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whilst  the  tendons  of  the  extensor  ossis  metacarpi  pollicis  and  the  extensor  brevis 
pollicis  muscles  lie  within  the  groove.  To  the  tip  of  the  styloid  process  is  attached 
the  external  lateral  ligament  of  the  wrist.  On  the  inner  side  of  the  lower  extremity 
is  placed  the  sigmoid  cavity  (incisura  ulnaris)  for  the  reception  of  the  head  of  the 
ulna.  Concave  from  before  backwards,  and  plane  from  above  downwards,  it  forms 
by  its  inferior  margin  a  rectangular  edge  which  separates  it  from  the  inferior 
carpal  surface.  To  this  edge  the  base  of  the  triangular  fibro-cartilage  is  attached, 
a  structure  which  serves  to  separate  the  inferior  articular  surface  of  the  head  of 
the  ulna  from  the  carpus.  The  anterior  and  posterior  edges  of  the  sigmoid  cavity, 
more  or  less  prominent,  serve  for  the  attachment  of  ligaments. 

The  proportionate  length  of  the  radius  to  the  body  height  is  as  1  is  to 
6-70-7-11. 

Nutrient  Foramina. — The  ojjeuings  of  several  small  nutrient  canals  may  be  seen  in  the 
reo-ion  of  tlie  nctk.  That  for  the  shaft,  which  has  an  upward  direction,  is  usually  placed  on  the 
front  of  the  l)one,  internal  to  the  anterior  oblique  line,  and  from  an  inch  and  a  half  to  two  inches 
below  the  bicipital  tubercle.  The  back  of  the  lower  extremity  of  the  bone  is  2nerced  by  many 
small  foramina. 

Connexions.  —  The  radius  articulates  with  the  capitellum  of  the  humerus  in  the  flexed 
i)osition  of  the  elbow,  with  the  ulna  to  its  inner  side  by  the  superior  and  inferior  radio-ulnar 
joints,  and  with  the  scaphoid  and  semilunar  bones  of  the  carj)us  below.  Above,  the  head  of  the 
bone  can  be  felt  in  the  internuiscular  depression  on  the  outer  side  of  the  back  of  the  elbow  ;  here 
the  bone  is  onlv  covered  by  the  skin,  superficial  fascia,  and  the  thin  common  tendinous  origin  of 
the  extensor  muscles,  as  well  as  the  ligaments  which  support  it.  Its  jiosition  can  best  be  ascer- 
tained by  pronating  and  supinating-  the  bones  of  the  forearm,  when  the  head  will  be  felt  rotating 
beneath  the  finger.  The  lower  end  of  the  bone  is  overlain  in  front  and  liehind  hj  the  flexor  and 
extensor  tendons,  but  its  general  form  can  be  readily  made  out.  The  styloid  process  lying  to  the 
outer  side  of  the  wrist  in  line  with  the  extended  thumb,  can  easily  be  recognised  :  note  that  it 
reaches  a  lower  level  than  the  corresponding  process  of  the  ulna.  The  outer  border  of  the  lower 
third  of  the  shaft  can  be  distinctly  felt,  as  liere  the  bone  is  only  overlain  by  tendons. 

Architecture. — The  neck  is  the  narrowest  part  of  the  bone  ;  here  fracture  may  occur,  though 
not  commonly.  The  point  at  which  the  bone  is  usually  broken  is  about  one  inch  above  the 
lower  extremity.  This  is  accounted  for  by  the  fact  that  the  radius  supjwrts  the  hand  at  the 
radio-carpal  articulation,  and  the  shocks  to  which  the  latter  is  subjected,  as  in  endeavouring  to 
save  oneself  from  falling,  are  naturally  transmitted  to  the  radius.  On  section,  the  medullaiy 
canal  is  seen  to  extend  as  high  as  the  neck  ;  below,  it  reaches  to  the  level  of  the  inferior  fifth  of 
the  bone.    Its  walls  are  thick  as  compared  with  the  diameters  of  the  bone,  particularly  along  the 

interosseous  border,  thus  imparting  rigidity  to 
2  the  curve  of  the  shaft ;  these  walls  thin  out 

above  and  belo\v^  Sujieriorly,  the  surface  of 
the  bicipital  tubercle  is  formed  of  a  thin 
shell  of  bone,  which,  however,  thickens  again 
where  it  passes  on  to  the  neck.  The  upper 
extremity  is  formed  of  spongy  bone  arranged 
in  the  form  of  arcades,  reaching  below  the  level 
of  the  bicipital  tubei'cle  internally,  but  not 
extending  l)elOw  the  level  of  the  neck  ex- 
ternally. Beneath  the  cajjitellar  articular 
surface  there  is  a  dense  layer,  thickest  in  the 
centre,  and  thinning  towards  the  circum- 
ference ;  this  is  overlain  l)y  a  very  thin  layer 
of  less  compact  bone. 

The  inferior  fifth  of  the  shaft  and  lower 
extremity  are  formed  of  loose  spongy  bone 
arranged  more  or  less  longitudinally.  Im- 
mediately subjacent  to  the  carpal  ai'ticular 
surface  the  tissue  is  more  compact,  and  dis- 
plays a  striation  parallel  to  the  articular  jjlaue. 
The  nutrient  canal  of  the  shaft  pierces  the 
anterior  M'all  of  the  upper  part  of  the  medul- 
lary cavity  obliquely  from  below  upwards  for 
the  space  of  half  an  inch. 

Variations. — Cases  of  congenital  absence  of 
the  radius  are  recorded  ;  in  these  the  tliumb 
is  not  infrequently  wanting  as  well. 

Ossification. — The  centre  for  the  shaft 
makes  its  appearance  early  in  the  second 
month  of  intrauterine  life.  At  birth  the  shaft  is  well  formed ;  its  upper  and  lower 
extremities  are  capped  with  cartilage,  and  the  bicipital  tubercle  is  beginning  to  appear. 


Fuses  with  shaft  18-20  years 


Appears  about 
2-3  years 


Unites  with  shaft 
20-25  years 


At  Birth. 
Fig.  138.- 


Aliout  12  years.  About  It)  years. 
-The  Ossification  op  the  Radius. 
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A  secondary  centre  appears  in  the  cartilage  of  tlie  lower  extremity  about  the  second  or 
third  year ;  this  does  not  unite  with  the  shaft  until  the  twentieth  or  twenty-fifth  year, 
somewhat  earlier  in  tlie"  female.  From  this  the  carpal  and  ulnar  articular  surfaces  are 
formed.  The  centre  for  the  head  appears  from  the  fifth  to  the  seventh  year,  and  fuses 
with  tlie  neck  about  the  age  of  eighteen  or  twenty.  It  forms  the  capitellar  articular 
surface  and  combines  with  the  neck  to  form  the  area  for  articulation  with  the  small 
sigmoid  cavity  of  the  ulna.  A  scale-like  epiphysis  capping  the  summit  of  the  bicipital 
tubercle  has  been  described ;  this  appears  about  fourteen  or  fifteen,  and  rapidly  fuses  with 
that  process. 

THE  BONES  OF  THE  HAND. 

The  bones  of  the  hand,  twenty-seven  in  number,  may  be  conveniently  divided 
into  three  groups  : — 

(1)  The  bones  of  the  wrist  or  carpus — eight  in  number. 

(2)  The  bones  of  „  , 
the  palm  or  meta- 
carpus— five  in 
number. 

(3)  The  bones  of 
the  fingers  and 
thumb  or  phalan- 
ges— fourteen  in 
number. 


Abductor  poUici 

Oppimens  pollici 

Extensor  ossi 
metaearpi  poUici; 

Plexor  carpi  radialis 
Adductor  obliquiit 
poUicis 

A 

( m 

Sesamoid  bon  ~rr'-^ 
Abductor  _  O 
pollicis  t 
Flexor  brevis-  i 
pollicis  / 
Adductor   /  ■ 
transversu; 
pollici 


I.  Metacarpai 


Unciform 

cuneifokm 
Pisiform 

Abductor  niiuiiiii  digiti 
Flexor  carpi  uliiaris 

F  lexor  brevis 
and 

Opi)onenH  niiniiiii  digiti 
Palmar  interossei 


Metacarpal 


Flexor  brevi.s 

and 
Abductor 
minimi  digiti 
Palmar 
interossei 

1<  IRST  PHALANX 


The  Cakpus. 

The  carpal  bones 

(ossa  carpi)  are  ar- 
ranged in  two  rows : 
the  first  or  proxi- 
mal row  comprises 
from  without  in- 
wards the  scaphoid 
(os  naviculare), 
semilunar  (os  luna- 
tum),  cuneiform  (os 
triquetrum),  and 
pisiform  (os  pisi- 
forme) ;  the  second 
or  distal  row  in- 
cludes the  trapezium 
(os  multangulum 
majus),  trapezoid  (os 
multangulum  min- 
us), OS  magnum  (os 
capitatum),  and 
unciform  (os  hama- 
tum).  Irregularly 
six-sided,  each  of 
these  bones  possesses 
non  -  articular  pal- 
mar and  dorsal  sur- 
faces. In  addition, 
the  marginal  bones 
are  non -articular 
along  their  ulnar  ^^^-^ 
and  radial  aspects 
according  as  they  form  the  inner  or  outer  members  of  the  series. 

Note. — In  the  illustrations  (Figs.  141  to  148)  the  bones  are  represented  in  the  centre  of 
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Cuneiform 


Unciform 


Extensor  carpi 
uhlans 


Extensor  ossis 
iiietacarpi  i>ollicis 

Extensor  carpi 
ladialis  bre\'ior 
^Extensor  carpi 
"  ailialis  longior 

Metacarpal 


tlie  figures  in  the  position  they  occupy  in  the  hand  viewed  from  the  front.  Tlie  views 
on  either  side  and  above  and  below  represent  respectively  the  corresponding  surfaces  of 
the  bone  turned  towards  the  spectator. 

Scaphoid  Bone  (os  navicitlare). — This  is  the  largest  as  well  as  the  outermost 
bone  of  the  first  row.    It^  palmar  surface,  rougli  for  the  attachment  of  ligaments, 

is  irregularly  triangular. 
The  inferior  external 
angle  forms  a  projection 
called  the  tuberosity;  this 
can  be  felt  at  the  base  of 
the  root  of  the  thumb.  Its 
superior  surface  is  convex 
I'rom  side  to  side  and  be- 
fore backwards  for  articu- 
lation with  the  radius. 
This  area  extends  con- 
siderably over  the  pos- 
terior surface  of  the  bone. 
Its  inferior  surface  is 
convex  from  before  back- 
wards, and  extends  on  to 
the  dorsal  aspect  of  the 
bone,  slightly  convex  from 
side  to  side ;  it  is  divisible 
into  two  areas,  the  outer 
for  articulation  with  the 
trapezium,  the  inner  for 
the  trapezoid.  The  outer 
surface  is  narrow  and 
rounded  and  forms  a  non- 
articular  border,  which 
extends  from  the  radial 
articular  surface  above 
to  the  tuberosity  below. 
The  inner  surface  is 
hollowed  out  in  front 
for  articulation  with  the 
head  of  the  os  magnum. 
.Above  this  it  displays  a 
small  semilunar  -  shaped 
facet  for  the  semilunar 
bone.  The  dorsal  non- 
articular  surface  lies  be- 
tween the  radial  articular 
surface  above  and  the 
surface  for  the  trapezium 

and  trapezoid  below.  It  is  obliquely  grooved  for  the  attachment  of  the  posterior 
ligaments  of  the  wrist.  The  scaphoid  articulates  with  five  bones — the  radius,  the 
semilunar,  the  os  magnum,  the  trapezoid,  and  the  trapezium. 

Semilunar  Bone  (os  lunatum). — So  called  from  its  deeply  excavated  form,tIie  semi- 
lunar bone  lies  between  the  scaphoid  on  the  outer  side  and  the  cuneiform  on  the  inner. 

palmar  surface,  of  rhomljic  form  and  considerable  size,  is  rough  for  the  attachment 
of  ligaments ;  its  superior  surface,  convex  from  side  to  side  and  from  l)efore  back- 
wards, articulates  with  the  radius  and  in  part  with  the  under  surface  of  the 
triangular  fibro-cartilage  of  the  wrist.  Its  inferior  aspect,  deeply  hollowed  from 
Ijefore  backwards,  is  divided  into  two  articular  areas,  of  which  the  outer  is  the 
larger;  this  is  for  the  head  of  the  os  magnum ;  the  inner,  narrow  from  side  to  side, 
articulates  with  the  unciform.    Its  external  surface,  crescentic  in  shape,  serves  for 
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articulation  with  the  scaphoid,  and  also  for  the  attachment  of  the  interosseous 

Its  inner  surface,  of  quadrilateral 


ligaments  whicli  connect  it  with  that  bone, 
form,    is    cartilage  -  covered  for 


Os  iiiagiuu]i-__j 


Trapezoid 


Trapeziiiiii 


Radius 


Radius 


Semilunar 


Fig.  141. — The  Rkiht  Scaphoid  Bone. 


Os  uiaiiuuiii 


articulation  with  the  cuneiform, 
and  the  edge  which  separates  this 
from  the  superior  surface  has 
attached  to  it  the  interosseous 
lioament  which  unites  these  two 
bones.  The  rough  dorsal  7w?i- 
articular  surface  is  much  smaller 
than  the  palmar ;  by  this  means 
the  front  and  back  of  the  bone  can 
readily  be  determined.  The  semi- 
lunar articulates  with  five  bones 
—  the  scaphoid,  the  radius,  the 
cuneiform,  the  unciform,  and  the 
OS  magnum. 

Cuneiform  or  Pyramidal  Bone 
(os  triquetrum). — This  bone  may 
be  recognised  by  the  small  oval 
or  circular  facet  on  its  anterior 
surface  for  the  pisiform.  This  is 
placed  towards  the  lower  part  of  the  palmar  surface,  which  is  elsewhere  rough  for 
ligaments.  The  bone  is  placed  obliquely,  so  that  its  surfaces  cannot  be  accurately 
described  as  inferior,  superior,  etc. ;  but  for  convenience  of  description,  the  method 
already  adopted  is  adhered  to.     The  superior  surface  has  a  convex  rhombic  surface 

for  articulation  with  the  under 
°""  surface  of  the  triangular  hbro- 

cartilage  in  adduction  of  the 
hand,  though  ordinarily  it  does 
not  appear  to  be  in  contact  with 
that  structure.  To  the  ulnar 
side,  of  this  it  is  rough  for 
ligaments.  The  inferior  surface 
is  elongated  and  concavo-convex 
from  without  inwards  ;  here  the 
bone  articulates  with  the  unci- 
form. The  external  surface, 
broader  in  front  than  behind, 
articulates  with  the  semilunar. 
The  inner  surface,  rounded  and 
rough,  is  conliuent  above  and 
behind  with  the  superior  and 
dorsal  aspects  of  the  bone.  The 
dorsal  surface,  rounded  and 
smooth  externally,  is  ridged  and 
grooved  internally  for  the  attach- 
ment of  ligaments.  The  cunei- 
form articulates  with  three  bones,  viz.  the  pisiform,  the  unciform,  and  the  semilunar. 

The  pisiform  bone  (os  pisiforme),  about  the  size  and  shape  of  a  large  pea,  rests 
on  the  anterior  surface  of  the  fore  end  of  the  cuneiform,  with  which  it  articulates 
by  an  oval  or  circular  facet  on  its  dorsal  aspect.  The  rounded  mass  of  the  rest  of 
the  bone  is  non-articular,  and  inclines  downwards  and  outwards  so  as  to  overhang  the 
articular  facet  in  front  and  externally.  The  mass  of  the  bone  is  usually  separated 
from  the  articular  surface  by  a  small  but  distinct  groove.  Into  the  summit  of  the 
bone  the  tendon  of  the  flexor  carpi  ulnaris  muscle  is  inserted,  and  here  also  the 
anterior  annular  ligament  is  attached. 

Trapezium  (os  multangulum  inajus). — The  trapezium  is  the  outermost  boneof  the 
second  row  of  the  carpus.    It  may  be  readily  recognised  by  the  oval  saddle-shaped 
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Uncilbni 


Pisiform 


facet  on  its  inferior  surface  for  articulation  with  the  metacarpal  bone  of  the  thunil). 
From  its  ^)a/?ftar  aspect  there  rises  a  prominent  ridge,  within  which  is  a  groove  along 

which  tlie  tendon  of  tlie  Hexor  carpi 
radialis  muscle  passes.  The  ridge 
furnishes  an  attachment  for  the  an- 
terior annular  ligament,  as  well  as  for 
some  of  the  short  muscles  of  tiie  thumb. 
The  superior  surface  has  a  half  oval 
facet  for  the  scaphoid,  external  towhicli 
it  is  rougli,  and  becomes  continuous 
with  the  non-articular  external  aspect, 
which  serves  for  the  attachment  of 
ligaments.  On  its  inner  surface  there 
are  two  i'acets ;  the  upper  is  a  half 
(ival,  concave  from  above  downwards, 
and  verj^  slightly  convex  from  before 
backwards,  and  is  for  articulation  with 
the  trapezoid.  The  lower,  small  and 
circular,  and  not  always  present,  is  for 
articulation  with  the  outer  side  of  the 
base  of  the  second  luetacarpal  l)one. 
The  dorsal  surface,  of  irregular  outline, 
is  rough  for  the  attachment  of  liga- 
four  l)()nes,  tlie  scaphoid,  trapezoid,  and  the 


143. — Thk  Rii;ht  Cunkikohm  Bonk. 
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Cuiieiforni 

The  Rk;ht  Pisiform 
Bone. 


Separated  from  this 


Tiaiiezoid' 


ments.    The  trapezium  articulates  witli 
first  and  second  metacarpal  bones. 

Trapezoid  Bone  Tos  multangulum  minus). — With 
the  exception  of  the  pisiform,  this  is  the  smallest  of  the 
carpal  bones.  Its  rough  pabnar  surface  is  small  and 
pentagonal  in  outline.  By  a  small  oblong  surface  on 
its  superior  aspect  it  articulates  with  the  scaphoid. 
hiferiorly,  by  a  somewhat  saddle-shaped  surface,  it 
articulates  with  the  base  of  the  second  metacarpal. 

by  a  rougli  V-shaped  impression,  is  the  surface  on  the  outer 
side  for  articulation  with  the  trape- 
zium ;  this  appears  as  if  obliquely 
grooved  from  before  backwards  and 
downwards.  The  internal  facet  for 
articulation  with  the  os  magnum  is 
narrow  from  above  downwards,  and 
deeply  curved  from  before  backwards. 
Tlie  dorsal  surface  of  the  bone,  which 
is  rough  and  non-articular,  is  much 
larger  than  the  palmar  aspect.  The 
mass  of  the  bone,  dorsally,  is  directed 
downwards  and  towards  the  ulnar  side. 
The  trapezoid  articulates  with  four 
bones — the  trapezium,  scaphoid,  os. 
magnum,  and  the  second  metacarpal. 

Os  Magnum  (os  capitatum). — This 
is  the  largest  of  the  carpal  bones.  Its 
'palmar  surface  is  rough  and  rounded. 
The  superior  portion  of  the  bone  forms 
the  head,  and  is  furnished  with  convex 
articular  facets  which  fit  into  the 
hollows  on  the  inferior  surfaces  of  the 
scaphoid  and  semilunar ;  that  for  the 
latter  is  internal  to  and  separated  by 
a  slight  ridge  from  the  scaphoid  articular  area.  Tlie  inferior  surface,  narrow 
towards  its  palmar  l)order  and  broad  dorsally,  is  subdivided  usually  into  three 
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Os  magnum 


ir.  Metacarpal 


Scaphoid 


Tiappzium 


Fig.  146. — The  Right  Trapezoid. 


facets  by  two  ridges — that  towards  the  radial  side  is  for  the  base  of  the  second 
metacarpal ;  the  middle  facet  is  for  the  third  metacarpal ;  whilst  the  innermost 
facet  of  the  three,  not  always 
present,  very  small  and  placed 
near  the  dorsal  side  of  the  bone, 
is  for  the  fourth  metacarpal. 
The  outer  Side  of  the  body  has  an 
articular  surface  for  the  trapezoid, 
not  infrequently  separated  from 
the  scaphoid  surface  on  the  head 
by  a  rough  line,  to  which  the 
interosseous  ligament  connecting 
it  with  the  scaphoid  is  attached. 
The  inner  side  of  the  Ijody  has  an 
elongated  articular  surface,  usually 
deeply  notched  in  front,  or  it  may 
be  divided  anteriorly  into  a  small 
circular  area  near  the  dorsal  edge  ; 
and  a  larger  posterior  part.  This 
latter  articulates  either  singly  or 
doubly  with  the  unciform,  the  in- 
terosseous ligament  whicli  unites 
the  two  bones  being  attached 
either  to  the  notch  or  to  the  sur- 
face separating  the  two  articular  facets.  The  dorsal  surface  is  rough  for  ligaments  ; 
it  is  somewhat  constricted  below  the  head,  the  articular  surface  of  which  sweeps 
rounds  its  upper  border. 

The  OS  magnum  articulates  with  seven  l)()nes — the  unciform,  tlie  semilunar,  the 

scaphoid,  the  trapezoid,  and 
the  second,  third,  and  fourth 
metacarpal  bones ;  occasion- 

IV.  Metacarpal,^  \/^0l ^'^   II.  Metacarpal  ally  the  fourth  metacarpal 

does  not  articulate  with  the 


magnum. 

Unciform     Bone  (os 

hamatum). — The  unciform 
can  readily  be  distin- 
guished by  the  hook-like 
process  (hamulus)  which  pro- 
jects from  the  lower  and 
inner  aspect  of  its  anterior 
surface.  To  this  is  attached 
the  anterior  annular  liga- 
ment as  well  as  some  of  the 
fibres  of  origin  of  the  short 
muscles  of  the  little  finger. 
The  ulnar  side  of  the  unci- 
form process  is  sometimes 
grooved  by  the  deep  branch 
of  the  ulnar  nerve  (Ander- 
son, W.,  "  Proc.  Anat.  Soc." 
Journ.  Anat.  and  Physiol. 
vol.  xxviii.  p.  11).  The 
palmar  surface,  rough  for 
ligaments,  is  somewhat  tri- 
angular in  shape.  Superiorly  and  internally  there  is  an  elongated  articular  surface 
for  the  cuneiform,  convex  above  and  concave  below.  The  oiUer  aspect  of  the  bone 
is  provided  with  a  plane  elongated  facet,  occasionally  divided  into  two  (see  above) 
for  articulation  with  the  os  magnum.    Wliere  the  superior  and  external  surfaces 
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Fig.  147. — The  Right  Os  Magndm. 
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meet,  the  angle  is  bhmt,  and  has  a  narrow  facet  which  articulates  with  the  semi- 
lunar.   Inferiorly  there  are  two  articular  facets  separated  by  a  ridge  ;  these  are 

slightly  concave  from  be- 
fore backwards,  and  are  for 
articulation,  the  outer  with 
the  fourth,  and  the  inner 

V.  .MetafariKU  ^«<*»T^lf  _  IV.  Mpt;i<'arpai  witli  tlic   fifth  metacarpal 

bone.  The  dorsal  surface, 
more  or  less  triangular  in 
shape,  is  rough  for  liga- 
ments. 

The  unciform  articulates 
with  five  bones — viz.  the  os 
magnum,  semilunar,  cunei- 
form, and  the  fourth  and 
fifth  metacarpals. 

The  Carpus  as  a  whole. 

When  the  carpal  bones 
are  articulated  together  they 
form  a  Ijony  mass,  the  dorsal 
surface  of  which  is  convex 
from  side  to  side.  Anteri- 
orly they  present  a  grooved 
appearance,  concave  from 
side  to  side.  This  arrange- 
ment is  further  emphasised 
by  the  forward  projection  on  the  inner  side  of  the  pisiform  and  hook  of  the 
unciform,  whilst  externally  the  tuberesity  of  the  scaphoid  and  the  ridge  of  the 
trapezium  help  to  deepen  the  furrow  by  their  elevation.  To  these  four  points  the 
anterior  annular  ligament  of  the  wrist  is  attached,  which  stretches  across  from  side 
to  side,  and  thus  converts  the  furrow  into  a  canal  through  which  the  fiexor  tendons 
pass  to  reach  the  fingers. 

Architecture. — Tlie  bones  are  foriued  of  fairly  compact  spongy  tissue,  surrounded  by  a  tliin 
shell  of  denser  bone.  They  are  very  vascular,  and  their  non-articular  surfaces  are  pierced  by 
many  foramina. 

Variations. — Increase  in  the  number  of  the  carpal  elements  is  occasionally  met  with,  and 
these  have  been  ascribed  to  division  of  the  scaphoid,  semilunar,  cuneiform,  os  magnum,  trape- 
zoid, and  unciform.  In  the  last-mentioned  case  the  hook-like  process  persists  as  a  separate 
ossicle  ;  but  the  researches  of  Thilenius  {Morph.  Arheitea,  Bd.  v."Heft  3,  S.  462),  together  with  the 
■oljservations  of  Pfitzner,  prove  that  all  these  superniuiierary  bones  are  but  the  persistence  of  inde- 
pendent cartilaginous  elements  which  are  met  with  in  the  hand  of  thp  human  embryo  between 
the  second  and  fourth  months,  and  which  either  disappear  or  become  fused  with  adjacent 
elements.  Of  these  the  most  interesting  is  the  os  ceutrale,  first  described  by  Rosenberg,  and 
subsequently  investigated  by  Henke,  Leboucq,  and  others.  This  is  met  with  almost  invariably 
as  an  independent  cartilaginous  element  during  the  earlier  months  of  fcBtal  life,  and  occasionally 
becomes  developed  into  a  distinct  ossicle  placed  on  the  back  of  the  carpus  between  the  scaphoid 
and  OS  magnum  and  the  trapezoid.  Its  significance  depends  on  the  fact  that  it  is  an  im- 
portant component  of  the  carpus  in  most  mammals,  and  is  met  with  normally  in  the  orang 
and  most  monkeys.  Ordinarily  in  man,  as  was  pointed  out  by  Leboucq,  it  Ijecomes  fused  with  the 
scaphoid,  where  its  jiresence  is  often  indicated  by  a  small  tuljercle,  a  condition  which  maintains 
in  the  chimpanzee,  the  gorilla,  and  the  gibbons. 

Further  addition  to  the  number  of  the  carjjal  elements  may  be  due  to  the  separation  of  the 
styloid  process  of  the  third  m.etacarjial  bone  and  its  j)ersistence  as  a  sejiarate  ossicle.  Reduction 
in  the  number  of  the  carpus  has  been  met  with,  but  this  is  probably  due  to  pathological  causes. 
Morestin  (Bull.  Soc.  Anat.  de  Paris,  tome  71,  p.  651),  who  has  investigated  the  subject, 
finds  that  ankylosis  occurs  most  frequently  between  the  bases  of  the  second  and  third  metacarpal 
bones  and  the  carpus,  seldom  or  never  between  the  carpus  and  the  first  metacarpal,  or  between 
the  pisiform  and  cuneiform. 

Ossification. — At  birth  the  carpus  is  entirely  cartilaginous.  An  exceptional  case  is 
figured  by  Lambertz,  in  wliich  the  centres  for  the  os  magnum  and  unciform  were  already 
present.    The  same  authority  states  that  it  is  not  uncommon  to  meet  with  these  centres 


Fi(!.  148. — Thk  Right  Uxfii-ouM  Bone. 
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ill  the  second  month  after  birth.  Accor 
vol.  xxii.,  1886,  p.  285),  ossification  takes 

Os  magnum 
Unciform  . 
Cuneiform  . 
Semihinar  . 
Trapezium  . 
Scaphoid 
Trapezoid  . 
Pisiform 

The  same  observer  failed  to  note  the 
of  the  unciform,  and  records  the  occurrer 


ling  to  Debierre  (Jour,  de  I'Anat.  et  de  la  Physiol. 
place  approximately  as  follows  : — 

11  to  12  months. 

12  to  14  months. 
3  years. 

5  to  6  years. 

6  years. 
6  years. 

6  to  7  years. 
10  to  12  years. 

appearance  of  a  separate  centre  for  the  apophysis 
ice  of  two  centres  for  the  pisiform. 


The  Metacarpus. 

The  metacarpal  bones  form  the  skeleton  of  the  palm,  articulating  proximally 
with  the  carpus,  whilst  by  their  distal  extremities  or  heads  they  support  the  bones 
of  the  fingers.  Five  in  number,  one  for  each  digit,  they  lie  side  by  side  and 
slightly  divergent  from  each  other,  being  separated  by  intervals,  termed  interosseous 
spaces.  Distinguished  numerically  from  without  inwards,  they  all  display  certain 
common  characters  ;  each  possesses  a  body  or  shaft,  a  base  or  carpal  extremity,  and 
a  head  or  phalangeal  end. 

The  shafts,  which  are  slightly  curved  towards  the  palmar  aspect,  are  narrowest 
towards  their  middle.  Their  dorsal  surface  is  marked  by  two  divergent  lines 
which  pass  forward  from  the  back  of  the  base  to  tubercles  on  either  side  of  the 
head.  The  surface  included  between  the  two  lines  is  smooth  and  of  elongated 
triangular  form.  On  either  side  of  these  lines  two  broad  shallow  gi'ooves  wind 
spirally  forward  on  to  the  palmar  surface,  where  they  are  separated  in  front  by  a 
sharp  ridge  which  is  continuous  with  a  somewhat  triangular  surface  which  corre- 
sponds to  the  palmar  aspect  of  the  base.  The  grooved  surfaces  on  either  side  of  the 
shaft  furnish  origins  for  the  interossei  muscles.  Close  to  the  palmar  crest  is  the 
opening  of  the  nutrient  canal,  which  is  directed  towards  the 
carpal  extremity,  except  in  the  case  of  the  first  metacarpal 
bone. 

The  head  (capitulum)  is  provided  with  a  surface  for 
articulation  with  the  proximal  phalanx.  This  area  curves 
farther  over  its  palmar  than  its  dorsal  aspect.  Convex  from 
Ijefore  backwards  and  from  side  to  side,  it  is  wider  anteriorly 
than  posteriorly ;  notched  on  its  palmar  aspect,  its  edges  form 
two  prominent  tubercles,  which  are  sometimes  grooved  for 
the  small  sesamoid  bones  which  may  occasionally  be  found  on 
the  anterior  surface  of  the  joint.  On  either  side  of  the  head 
of  the  bone  there  is  a  deep  pit,  behind  which  is  a  pro- 
minent tubercle ;  to  these  are  attached  the  lateral  ligaments 
of  the  metacarpo-phalangeal  joints.  ^ 

The  bases  (basis),  all  more  or  less  wedge-shaped  in  form,  | 
articulate  with  the  carpus ;  they  differ  in  size  and  shape  | 
according  to  their  articulation.  ^ 

Of  the  five  metacarpal  bones,  the  first,  viz.  that  of  the 
thumb,  is  the  shortest  and  stoutest,  the  second  is  the  longest, 
whilst  the  third,  fourth,  and  fifth  display  a  gradual  reduction 
in  length. 

The  four  inner  bones  articulate  by  their  bases  with  each  Ymn'v  Right 

other,  and  are  united  at  their  distal  extremities  by  ligaments.      metacarpal  Bone. 
They  are  so  arranged  as  to  conform  to  the  hollow  of  the  palm, 

l^eing  concave  from  side  to  side  anteriorly,  and  convex  posteriorly.  The  first  meta- 
carpal differs  from  the  others  in  being  free  at  its  distal  extremity,  whilst  its 
proximal  end  possesses  only  a  carpal  articular  facet. 

The  first  metacarpal  bone  is  the  shortest  and  stoutest  of  the  series.    Its  shaft 
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Head 


Tubercle 


is  compressed  from  before  backwards.  Its  head,  of  large  size,  is  but  slightly  couvex 
from  side  to  side,  and  is  grooved  in  front  for  the  sesamoid  bones.  The  base  is  pro- 
vided with  a  saddle-shaped  surface  for  articula- 
tion witli  the  trapezium,  and  has  no  lateral 
facets.  Externally  there  is  a  slight  tubercle  to 
wbich  the  abductor  longus  pollicis  muscle,  is 
attached.  The  canal  for  the  nutrient  artery 
is  directed  towards  the  head  of  the  bone. 

The  second  metacarpal  bone  is  recognised 
by  its  leugtli  and  its  Ijro.ad  and  deeply-notched 
l)ase  for  articulation  with  the  trapezoid.  It 
has  a  small  half-oval  facet  for 
the  trapezium  on  the  radial 
side  of  its  base,  whilst  on  its 
ulnar   aspect   it    presents  a 
narrow  vertical  strip  for  the 
OS  magnum,  iu  front  of  which 
there  are  two  half-oval  surfaces 
for  the  third  metacarpal.  To 
the  dorsal  aspect  of  the  base 
is  attached  the  tendon  of  the 
extensor  carpi  radialis  longior 
muscle,  whilst  the  flexor  carpi 
radialis   is  inserted 
in  front. 

The  third  meta- 
carpal bone  can 
usually  be  recog- 
nised by  the  pointed 
styloid  process  which 
springs  from  the 
back  of  its  base,  and 


Trapezoi<l 


Os  inai;uuiM 


Trapezium 


Fig.  150.- 


Trapezuiil 

-Second  Metacarpal  Bone. 


is  directed  radial  -  wards. 
Superiorly  there  is  a  facet 
on  the  base  for  the  os  mag- 
num. To  the  radial  side 
there  are  two  half- oval 
facets  for  the  second  meta- 
carpal. To  the  ulnar  side 
there  are  usually  two  small 
oval  or  nearly  circular 
facets  for  the  fourth  meta- 
carpal. Tile  extensor  carpi 
radialis  l)revior  muscle  is 
inserted  into  the  back  of 


styloid 


11.  Jletacariial 


Fic.  151. — THUiD  Metacakpai,  Bone. 


the  base. 

The  fourth  metacarpal 
bone  may  be  recognised  by 
a  method  of  exclusion.  It 
is  unlike  either  the  first, 
second,  or  third,  and 
differs  from  the  fifth,  wliich  it  resembles  in  size,  by  having  articular  surfaces  on 
both  sides  of  its  base.  Superiorly  there  is  a  quadrilateral  surface  on  its  base  for 
articulation  with  the  unciform.  On  its  radial  side  there  are  usually  two  small  oval 
facets  for  the  third  metacarpal.  Of  these  facets  the  dorsal  one  not  infrequently 
lias  a  narrow  surface  for  articulation  with  the  os  magnum.  On  the  ulnar  side 
there  is  a  narrow  articular  strip  for  the  base  of  the  fifth  metacarpal. 

The  fifth  metacarpal  bone  can  be  recognised  by  its  size  and  the  fact  that  it 
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has  only  one  lateral  articular  facet  on  its  base,  namely,  that  on  its  radial  side  I'or 
tlie  fourtli  metacarpal.    The  caxpal  articular  surface  is  saddle-shaped,  and  there  is 


Fig.  152. — Fourth  Metacarpal  Bone. 


a  tubercle  on  the  ulnar  side  of  the  base  for  the  insertion  of  the  extensor  carpi 
ulnaris  muscle. 

As  has  been  ah'eady  pointed  out,  the  oi^enings  of  the  arterial  canals  are  usually  seen  on  the 
palmar  surfaces  of  the  metacarpals,  those  of  the  four  inner  bones  being  directed  upwards  towards 
the  base  or  carpal  end,  differing  in  this  resjject  from  that  of  the  first  metacarpal,  which  is  directed 
downwards  towards  the  head  or  phalangeal  extremity.  The  opening  of  the  latter  canal  usually 
lies  to  tlie  ulnar  sidi?,  of  the  palmar  asjject  of  the  shaft. 

Architecture. — Similar  in  arrangement  to  that  of  long  bones  generally,  though  it  may  be 
noted  that  the  compact  walls  of  the  shaft  are  thicker  in  proportion  to  the  length  of  the  bone 
than  in  the  other  long  bones  of  the  upper  extremity. 

.Variations. — As  previously  stated  {ante,  p.  202),  the  styloid  apophj^sis  of  the  third  meta- 
carpal bone  appears  as  a  separate  ossicle'4n  about  1-8  per  cent,  of  cases  examined  ("  Fourth  Annual 
Report  of  the  Committee  of  Collect.  Invest.  Anat.  Soc.  Gt.  Brit,  and  Ireland,"  Journ.  Anaf.  and 
PImjsiol.  vol.  xxviii.  p.  64).  In  place  of  being  united  to  the  third  metacarpal,  the  styloid 
apophysis  may  be  fused  with  either  the  os  magnum  or  the  trapezoid,  under  wliich  conditions  the 
base  of  the  third  metacarpal  bone  is  without  this  characteristic  process. 

Ossification. — The  metacarpal  bones  are  developed  from  primary  and  secondary 
centres  ;  but  there  is  a  remarkable  difference  between  the  mode  of  growth  of  the  first  and 
the  remaining  four  inner  metacarpals,  for  whilst  the  shaft  and  head  of  tlie  first  metacarpal 
are  developed  from  the  primary  ossific  centre,  and  its  base  from  a  secondary  epiphysis,  in 
the  case  of  the  second,  tliird,  fourth,  and  fifth  metacarpals,  the  shafts  and  bases  are  de- 
veloped from  the  primary  centres,  the  heads  in  these  instances  being-  derived  from  the 
secondary  epiphyses.  In  this  respect,  therefore,  as  will  be  seen  hereafter,  the  metacarpal 
bone  of  the  thumb  resembles  the  phalanges  in  the  manner  of  its  growth,  a  circumstance 
which  has  given  rise  to  considerable  discussion  as  to  whether  the  thumb  is  to  be  regarded 
as  possessing  three  phalanges  and  no  metacarpal,  or  one  metacarpal  and  two  phalanges. 
The  primary  centres  for  the  shafts  and  bases  of  the  second,  third,  fourth,  and  fifth  meta- 
carpals appear  in  that  order  dui'ing  the  ninth  or  tenth  week  of  intrauterine  life,  some 
little  time  after  the  terminal  phalanges  have  begun  to  ossify,  that  for  the  shaft  and  head 
of  the  metacarpal  bone  of  the  thumb  a  little  later.  At  birth  the  shafts  of  the  bones  ;ire 
well  formed.  The  secondary  centres  from  which  the  heads  of  the  second,  tiiird,  foxuth, 
and  fifth  metacarpals  and  the  base  of  the  first  are  developed,  appear  about  the  third  year, 
and  usually  completely  fuse  with  the  shafts  about  the  age  of  twenty.    There  may  be  an 
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independent  centre  for  the  styloid  jjrocess  of  tiie  third  metacarpal,  and  there  is  usnally  a 
scale-like  epiphysis  on  the  head  of  the  first  metacarpal  which  makes  its  appearance  about 
eight  or  ten,  and  rapidly  unites  w  ith  the  head. 


The  Phalanges. 


nr. 

I'lialaiix, 
ungual  or 
terminal 


II.  riialanx 


I.  Plialaux 


Head 


Hllaa 


The  phalanges  or  huger  boues  (phalanges  digitorum  manus)  are  fourteen  in 
number — three  for  each  finger,  and  two  for  the  thumb. 

Named  numerically  in  order  from  the  proximal  toward  the  distal  ends  of  the 
fingers,  tlie  first  phalanx  (phalanx  prima),  the  longest  and  stoutest  of  the  three,  has  a 

semi-cylindrical  shaft  which  is  slightly  curved  forwards. 
The  palmar  surface  is  Hat,  and  bounded  on  either  side  by 
two  sharp  l)orders  to  which  the  sheath  of  the  flexor  tendons 
is  attached.  The  dorsal  surface,  convex  from  side  to  side, 
is  overlain  by  the  extensor  tendons.  The  proximal  end, 
considerably  enlarged,  has  a  simple  oval  concave  surface, 
which  rests  on  the  head  of  its  corresponding  metacarpal 
bone.  On  either  side  of  this  the  bone  is  tubercular,  and 
affords  attachment  to  the  lateral  ligaments  of  the  meta- 
carpo-phalangeal  joint.  The  distal  end  is  much  smaller 
than  the  proximal ;  the  convex  articular  surface  is  divided 
into  two  condyles  by  a  central  groove  running  from  be- 
fore backward.  The  second  phalanx  (phalanx  secunda) 
resembles  the  first  in  general  form,  but  is  of  smaller  size. 
It  dift'ers,  however,  in  the  form  of  its  proximal  articular 
surface,  which  is  not  a  simple  oval  concavity,  but  is  an 
oval  area  divided  into  two  small,  nearly  circular  con- 
cavities by  a  central  ridge  passing  from  before  backwards  ; 
these  articulate  with  the  condyloid  surfaces  of  the  proxi- 
mal phalanx.  The  third,  terminal  or  ungual  phalanx 
(phalanx  tertia),  is  tlie  smallest  of  the  three ;  it  is  easily 
recognised  by  the  spatula-shaped  surface  on  its  distal 
extremity  which  supports  the  nail.  The  articular  surface 
on  its  proximal  end  resembles  that  on  the  proximal  end 
of  the  second  phalanx,  but  is  smaller.  On  the  palmar 
aspect  of  this  end  of  the  l)one  there  is  a  rough  surface  for 
Base  the  insertion  of  the  tendon  of  the  flexor  profundus  digi- 
torum muscle.  The  phalanges  of  the  thumb  resemble 
in  the  arrangement  of  their  parts  the  first  and  third 
phalanges  of  the  fingers. 

The  arterial  canals,  usually  two  in  luunher,  jjlaced  on  eitluT 
side  of  the  ])abnar  as])e(;t  and  nearer  the  distal  than  the  proximal 
end  of  the  bone,  are  directed  towards  the  tinger-tiiJ.s. 

Architecture. — Each  jdialanx  has  a  medullary  cavity,  the  walls  of  the  shaft  being  formed  of 
(h'nse  coiiii>act  l)one,  es])ccially  thick  along  the  doi-sal  aspect.  The  extremities  are  made  uj)  of 
sjiongy  l)one  within  a  thin  dense  shell. 

Variations. — Staderini  has  recorded  a  case  in  which  there  were  three  i)lialanges  in  tin- 
tliundj  {Imf.  Anaf.  Ji  Firenze  G.  Chinrimj  Mimifore  Zool.  Ital.  Anno  5,  N.  6-7,  \\  119-123). 

Ossification. — 'i'he  phalanges  are  ossified  from  primaiy  and  secondary  centres.  From 
the  former,  which  appear  as  early  as  the  ninth  week  of  fa^tal  life,  the  shaft  and  distal  ex- 
tremities are  developed  :  whilst  the  latter,  which  begin  to  appear  about  the  third  year, 
form  the  proximal  epiphyses  which  unite  with  the  shafts  from  eighteen  to  twent}'.  Dixey 
{Prof.  Roy.  Soc.  xxx.  and  xxxi.)  has  pointed  out  tiiat  the  primary  centre  in  the  ungual 
phalanges  commences  to  ossify  in  the  distal  part  of  the  bone  rather  than  towards  the 
centre  of  the  shaft.  This  observation  has  been  confirmed  by  Lambertz,  who  furthei- 
demonstrates  the  fact  that  ossification  commences  earlier  in  the  distal  phalanges  than  in 
any  of  the  other  bones  of  the  hand.  Of  the  other  phalanges,  those  of  the  first  row,  begin- 
ning with  that  of  the  third  finger,  next  ossify,  subsequent  to  the  appearance  of  ossifie 
centres  in  the  shafts  of  the  metacarpal  bones,  wiiilst  the  second  or  intermediate  row  of  the 
]>halanges  is  the  last  to  ossify  about  the  end  of  the  third  month. 


Metacarpal 
Fig.  154. — Thk  Pn.ALANiiES  of 
THE  FiNCERS  (palmar  aspect). 
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Sesamoid  Bones. 

Two  little  oval  nodules  (ossa  sesamoidea),  which  play  in  grooves  on  the  palmar 
aspect  of  the  articular  surface  of  the  head  of  the  first  metacarpal  bone,  are  constantly 
met  with  in  the  tendons  and  ligaments  of  that  metacarpo-phalangeal  articulation. 
Similar  nodules,  though  of  smaller  size,  are  sometimes  formed  in  the  corresponding 
joints  of  the  other  fingers,  more  particularly  the  index  and  little  finger ;  as  Thilenius 
has  pointed  owt,  {Moiyh.  Arheiten,  vol.  v.),  these  are  but  the  persistence  of  cartilaginous 
elements  which  have  a  phylogenetic  interest. 

THE  LOWEE  LIMB. 

THE  PELVIC  (4IRDLE  AND  THE  LOWER  EXTREMITY. 

The  pelvic  girdle  is  formed  by  the  articulation  of  the  two  haunch  bones  with 
the  sacrum  behind,  and  their  union  with  each  other  in  front,  at  the  joint  called  the 
symphysis  pubis. 

The  Innominate  Bone. 

The  innominate  or  haunch  bone  (os  coxse)  is  the  largest  of  the  flat  bones  of  the 
skeleton.  It  consists  of  three  parts — the  ilium,  the  ischium,  and  the  pubis — 
primarily  distinct,  but  fused  together  in  the  process  of  growth  to  form  one  large 
irregular  bone.  The  coalescence  of  these  elements  takes  place  in  and  around  the 
acetabulum,  a  large  circular  articular  hollow  which  is  placed  on  the  outer  side  of  the 
bone.  The  expanded  wing-like  part  above  this  is  the  ilium ;  the  stout  V-shaped 
portion  below  and  behind  it  constitutes  the  ischium  ;  while  the  ^-shaped  part  to 
the  inner  side,  and  in  front  and  below,  forms  the  pubis.  The  two  latter  portions  of 
the  bone  enclose  between  them  a  large  aperture  of  irregular  outline,  called  the 
thyroid  or  obturator  foramen  (foramen  obturatorum),  which  is  placed  in  front  and 
below,  and  to  the  inner  side  of  the  acetabulum. 

The  ilium,  almost  a  quadrant  in  form,  consists  of  an  expanded  plate  of  bone, 
having  a  curved  superior  border,  the  iliac  crest  (crista  iliaca).  Viewed  from  the 
side,  this  forms  a  curve  corresponding  to  the  circumference  of  the  circle  of  which 
the  bone  is  the  quadrant ;  viewed  from  above,  however,  it  will  be  seen  to  display 
a  double  bend — convex  anteriorly  and  externally,  and  concave  posteriorly  and 
externally.  The  iliac  crest  is  stout  and  thick,  and  for  descriptive  purposes  it  is 
divided  into  an  outer  lip  (labium^  externum),  an  inner  lip  (labium  internum),  and 
an  intermediate  surface  (linea  intermedia)  which  is  broad  behind,  narrowest  about 
its  middle,  and  wider  again  in  front.  About  2^  inches  from  the  anterior  extremity 
of  the  crest  the  outer  lip  is  usually  markedly  prominent  and  forms  a  projecting 
tubercle,  which  can  readily  be  felt  in  the  living.  Attached  to  these  surfaces  and 
lips  anteriorly  are  the  muscles  of  the  flank,  whilst  from  them  posteriorly  the 
latissimus  dorsi,  quadratus  lumborum,  and  erector  spinse  muscles  derive  their 
origins.  In  front,  the  crest  ends  in  a  pointed  process,  the  anterior  superior  iliac  spine 
(spina  iliaca  anterior  superior).  To  this  the  outer  extremity  of  Poupart's  ligament 
is  attached,  as  well  as  the  sartorius  muscle,  which  also  arises  from  the  edge  of  bone 
immediately  below  it,  whilst  from  the  same  process  and  from  the  anterior  end  of 
the  outer  lip  of  the  iliac  crest  externally  the  tensor  fascife  femoris  muscle  takes, 
origin. 

The  anterior  border  of  the  ilium  stretches  from  the  anterior  superior  iliac  spine 
to  the  margin  of  the  acetabulum  below.  Above,  it  is  thin  ;  but  below,  it  forms  a 
thick  tubercular  process,  the  anterior  inferior  iliac  spine  (spina  iliaca  anterior  in- 
ferior). From  this  the  rectus  femoris  muscle  arises,  whilst  strong  fibres  of  the 
ilio-femoral  ligament  of  the  hip-joint  are  attached  to  it  immediately  above  the 
acetabular  margin.  Posteriorly,  the  crest  terminates  in  the  posterior  superior  iliac 
spine  (spina  iliaca  posterior  superior).  Below  this,  the  posterior  border  of  the  bone 
is  sharp  and  irregularly  notched,  terminating  in  a  prominent  angle,  the  posterior 
inferior  iliac  spine  (spina  iliaca  posterior  inferior),  in  front  of  which  the  edge  of  the 
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bone  becomes  tbick  and  rounded,  and  forms  a  wide  notcb  wbicb  sweeps  forwards 
and  downwards  to  join  tbe  mass  of  bone  behind  tbe  acetabubim,  where  itjf  become* 
fused  with  the  ischium  ;  this  is  called  the  ilio-sciatic  or  great  sciatic  notchancisural 
ischiadica  major). 

The  ilium  has  two  surfaces,  an  inuer  and  an  outer.  The  external  surface  is 
divided  into  two  parts,  viz.  a  lower  acetabular,  and  an  upper  gluteal  part.  The 
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Fig.  155. — The  Right  Innominate  Bone  as  seen  from  the  Outer  Side. 


lower  forms  a  little  less  than  the  upper  two-tifths  of  tlie  acetabular  hollow,  and  is 
separated  from  the  larger  gluteal  surface  above  by  the  upper  prominent  margin  of 
the  articular  cavity.  The  gluteal  surface,  broad  and  expanded,  is  concavo-convex 
from  behind  forward.  It  is  traversed  by  three  rough  curved  lines,  well  seen  in 
strongly  developed  bones,  but  often  faint  and  indistinct  in  feebly  marked  speci- 
mens. Of  these  the  inferior  curved  line  (linea  glutcea  inferior)  curves  backwards 
from  a  point  immediately  above  the  anterior  inferior  spine  towards  the  ilio-sciatic 
notch  posteriorly ;  the  bone  between  this  and  the  ap^fabular  margin  is  marked  liy 
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a  rough,  shallow  groove,  from  which  the  reflected  head  of  the  rectus  femoris  muscle 
arises.  The  middle  curved  line  (linea  glutsea  anterior)  commences  at  the  crest  of 
the  ilium,  ahout  one  inch  and  a  half  behind  the  anterior  superior  iliac  spine,  and 
sweeps  backwards  and  downwards  towards  the  upper  and  posterior  part  of  the  ilio- 
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Fig.  156. — The  Right  Innominate  Bone  (Inner  Aspect). 

sciatic  notch.  The  surface  between  this  line  and  the  preceding  furnishes  an  exten- 
sive origin  for  the  gluteus  minimus  muscle.  The  posterior  or  superior  curved  line 
(linea  glutcTea  posterior)  leaves  the  iliac  crest  about  two  and  a  half  inches  in  front 
of  the  posterior  superior  iliac  spine,  and  bends  downwards  and  slightly  forwards  in 
a  direction  anterior  to  the  posterior  inferior  spine.  The  area  between  this  and  the 
middle  curved  line  is  for  the  origin  of  the  gluteus  medius  muscle,  whilst  the  rough 
14 
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surface  immediately  above  and  behind  it  is  for  some  of  the  fibres  of  origin  of  tlie 
gluteus  maximus  muscle. 

The  inner  surface  of  the  ilium  is  divided  into  two  areas  which  present  very 
characteristic  differences.  The  posterior  or  sacral  part,  which  is  rough,  displays  in 
front  a  somewhat  smooth,  auricular  surface  (facies  auricularis)  which  is  cartilage- 
coated  in  the  recent  condition,  and  articulates  with  the  sacrum.  Above  and  behind 
this  there  is  an  elevated  irregular  area,  the  tuberosity  (tuberositas  iliaca),  which  is 
here  and  there  deeply  pitted  for  the  attachment  of  the  strong  posterior  sacro-iliac 
ligaments.  Above  this  the  bone  becomes  confluent  with  the  inner  lip  of  the  iliac 
crest,  and  here  it  affords  an  origin  to  the  erector  spiniB  and  multitidus  spina; 
muscles.  The  anterior  part  of  the  inner  aspect  of  the  bone  is  smooth  and  exten- 
sive ;  it  is  subdivided  by  an  oblique  ridge,  called  the  ilio-pectineal  line  (linea 
arcuata),  which  passes  forwards  and  downwards  from  the  most  prominent  point  of 
the  auricular  surface  towards  the  inner  side  of  the  ilio-pectineal  eminence  which 
is  placed  just  above  and  in  front  of  the  acetabulum,  and  marks  the  fusion  of  the 
ilium  with  the  pubis.  Above  this  the  bone  forms  the  shallow  iliac  fossa  (fossa 
iliaca),  from  the  floor  of  which  the  iliacus  muscle  arises,  whilst  leading  from  the 
fossa,  below  anji  in  front,  there  is  a  shallow  furrow,  passing  over  the  superior 
acetabular  margin,  between  the  anterior  inferior  iliac  spine  on  the  outer  side  and 
the  ilio-pectineal  eminence  internally,  for  the  lodgment  of  the  tendinous  and  fleshy 
part  of  the  ilio-psoas  muscle.  If  held  up  to  the  light  the  floor  of  the  deepest  part 
of  the  iliac  fossa  will  be  seen  to  be  formed  of  but  a  thin  layer  of  bone.  A  nutrient 
foramen  of  large  size  is  seen  piercing  the  bone  towards  the  hinder  part  of  the 
fossa.  Below  and  behind  the  ilio-pectineal  line  the  inner  surface  of  the  ilium 
forms  a  small  portion  of  the  wall  of  the  true  pelvis ;  the  bone  here  is  smooth,  and 
rounded  off  posteriorly  into  the  ilio-sciatic  notch,  where  it  becomes  confluent  with 
the  inner  aspect  of  the  ischium.  Just  anterior  to  the  ilio-sciatic  notch  there  are 
usually  the  openings  of  one  or  two  large  vascular  foramina.  From  this  surface 
arise  some  of  the  posterior  fibres  of  the  obturator  internus  muscle. 

The  ischium  constitutes  the  lower  and  hinder  part  of  the  innominate  bone. 
Superiorly  its  body  (corpus)  forms  somewhat  more  than  the  inferior  two-fifths  of 
the  acetabulum  together  with  the  bone  supporting  it  behind  and  within.  Below 
this  the  superior  ramus  passes  downwards  and  backwards  as  a  stout  three -sided 
piece  of  l)one,  from  the  inferior  extremity  of  which  a  compressed  bar  of  bone,  called 
the  inferior  ramus,  extends  forwards  at  an  acute  angle.  This  latter  unites  in  front 
and  above  with  the  descending  ramus  of  the  pubis,  and  encloses  the  aperture  called 
the  obturator  foramen. 

Superiorly,  and  on  the  outer  aspect  of  the  ischium,  the  acetabular  surface  is 
separated  from  the  bone  below  by  a  sharp  and  prominent  margin,  which  is, 
however,  deficient  in  front,-  where  it  corresponds  to  the  cotyl6id  notch  (incisura 
acetabuli)  leading  into  the  articular  hollow;  the  floor  of  this  notch  is  entirely 
formed  by  the  ischium.  Below  the  prominent  acetabular  margin  there  is  a  well- 
marked  groove  in  which  the  tendon  of  the  obturator  externus  lies.  Beneath  this 
the  autero-external  surface  of  the  superior  and  inferior  rami  furnish  surfaces  for  the 
attachments  of  the  obturator  externus,  quadratus  femoris,  and  adductor  magnus 
muscles.  The  postero-external  surface  of  the  ischium  forms  the  convex  surface  on 
the  back  of  the  acetabulum.  The  inner  border  of  this  is  sharp  and  well  defined, 
and  is  confluent  above  with  the  border  of  the  ilium,  which  sweeps  round  the  great 
or  ilio-sciatic  notch.  From  this  border,  on  a  level  with  the  lower  edge  of  the 
acetabulum,  there  springs  a  pointed  process,  the  spine  (spina  ischiadica),  to  which  is 
attached  the  lesser  sacro-sciatic  ligament  and  the  superior  gemellus  muscle.  Below 
this  the  postero-external  surface  narrows  rapidly,  its  inner  border  just  below  the 
spine  being  hollowed  out  to  form  the  small  sciatic  notch  (incisura  iscliiadica  minor). 
The  lower  part  of  this  surface  and  the  angle  formed  by  the  two  rami  are  capped  by 
an  irregularly  rough  pyriform  mass  called  the  tuberosity  (tuber  ischii).  This  is 
divided  by  an  ol)lique  ridge  into  two  areas,  the  upper  and  outer  for  the  tendon  of 
origin  of  the  semimembranosus  muscle,  the  lower  and  inner  for  the  conjoined  heads 
of  the  l)iceps  and  semitendinosus  muscles.  Its  prominent  inner  lip  serves  for  the 
attachment  of  the  great  sacro-sciatic  ligament,  whilst  its  outer  edge  furnishes  an 
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origin  for  the  quadratus  femoris  muscle  ;  in  front  and  below,  the  adductor  magnus 
muscle  is  attached  to  it. 

The  inner  surface  of  the  body  and  superior  ramus  of  the  ischium  form  in  part 
the  wall  of  the  true  pelvis.  Smooth  and  slightly  concave  from  before  backwards, 
and  nearly  plane  from  above  downwards,  it  is  widest  opposite  the  level  of  the  ischial 
spine.  Below  this  its  posterior  edge  is  rounded  and  forms  a  groove  leading  to  the 
small  sciatic  notch,  along  and  over  which  the  tendon  of  the  obturator  internus 
passes.  To  part  of  this  surface  the  fibres  of  the  obturator  internus  are  attached, 
whilst  the  inner  aspect  of  the  spine  supplies  points  of  origin  for  the  coccygeus  and 
levator  ani  muscles,  as  well  as  furnishing  an  attachment  to  the  "  white  line  "  of  the 
pelvic  fascia.  The  inner  surface  of  the  inferior  ramus  of  the  ischium  is  smooth, 
and  so  rounded  that  its  inferior  edge  tends  to  be  everted.  To  this,  as  well  as  to  its 
margin,  is  attached  the  crus  penis,  together  with  the  ischio-cavernosus,  obturator 
internus,  transversus  perinei,  and  compressor  urethras  muscles.  In  the  female, 
structures  in  correspondence  with  these  are  also  found. 

The  fore-part  of  the  innominate  bone  is  formed  by  the  pubis ;  it  is  by  means  of 
the  union  of  this  bone  with  its  fellow  of  the  opposite  side  that  the  pelvic  girdle  is 
completed  in  front. 

The  pubis  (os  pubis)  consists  of  two  rami — a  superior,  ascending,  or  horizontal 
(ramus  superior  oss.  pubis)  and  an  inferior  or  descending  (ramus  inferior  oss.  pubis). 
The  broad  part  of  the  bone  formed  by  the  fusion  of  these  two  rami  is  the  body. 

The  body  is  sometimes  described  as  that  part  of  the  bone  which  enters  into  the 
formation  of  the  acetabulum,  but  the  English  nomenclature  has  here  been  followed. 

The  body  of  the  pubis  has  two  surfaces.  Of  these  the  inner  or  posterior  is 
smooth,  and  forms  the  fore-part  of  the  wall  of  the  true  pelvis ;  hereto  are  attached 
the  levator  ani  muscle  and  puboprostatic  ligaments.  The  ariterior  or  external 
surface  is  rougher,  and  furnishes  origins  for  the  gracilis,  adductor  longus,  adductor 
brevis,  and  some  of  the  fibres  of  the  obturator  externus  muscles.  The  inner  harder 
is  provided  with  an  elongated  oval  cartilage -covered  surface  by  means  of 
which  it  is  united  to  its  fellow  of  the  opposite  side,  the  joint  being  called 
the  symphysis  pubis.  The  upper  border,  thick  and  rounded,  projects  somewhat,  so 
as  to  overhang  the  anterior  surface.  It  is  called  the  crest.  Internally  this  forms 
with  the  inner  border  or  symphysis  the  angle,  whilst  externally  it  terminates  in  a 
pointed  process,  the  spine  (tuberculum  pubicum).  From  the  crest  arise  the  rectus 
abdominis  and  pyramidalis  muscles,  and  to  the  spine  is  attached  the  inner  end  of 
Poupart's  ligament.  Passing  upwards  and  outwards  from  the  outer  side  of  the 
body  towards  the  acetabulum,  o£  which  it  forms  al)out  the  anterior  fifth,  is  the 
superior  ramus  (ramus  superior).  This  has  three  surfaces :  an  antero-superior,  an 
antero- inferior,  and  an  internal  or  posterior.  The  antero-superior  surface  is 
triangular  in  form.  Its  apex  corresponds  to  the  pubic  spine ;  its  anterior  inferior 
border  to  the  obturator  crest  (crista  obturatoria),  leading  from  the  spine  to  the 
upper  border  of  the  cotyloid  notch ;  whilst  its  sharp  postero-superior  border  trends 
upwards  and  outwards  from  the  spine,  and  is  continuous  with  the  iliac  portion  of 
the  ilio-pectineal  line  just  internal  to  the  ilio-pectineal  eminence,  forming  as  it 
passes  along  the  superior  ramus  the  pubic  portion  of  that  same  line  (pecten  oss. 
pubis).  On  this  line,  just  within  the  ilio-pectineal  eminence,  there  is  often  a  short 
sharp  crest  which  marks  the  insertion  of  the  psoas  parvus.  The  base  of  the 
triangle  corresponds  to  the  iUo-pectineal  eminence  above,  and  the  upper  margin  of 
the  cotyloid  notch  below.  Slightly  hollow  from  side  to  side,  and  convex  from 
before  backwards,  this  surface  provides  an  origin  for,  and  is  in  part  overlain  by,  the 
pectineus  muscle.  The  internal  or  posterior  surface  of  the  superior  ramus  is  smooth, 
concave  from  side  to  side,  and  slightly  rounded  from  above  downwards ;  by  its 
sharp  inferior  curved  border  it  completes  the  thyroid  foramen,  as  seen  from  behind. 
The  antero -inferior  surface  forms  the  roof  of  the  broad  obturator  groove  (sulcus 
obturatorius)  which  passes  obliquely  downwards  and  forwards  between  the  lower 
margin  of  the  antero-superior  surface  in  front  and  the  inferior  sharp  border  of  the 
internal  surface  behind.  The  inferior  or  descending  ramus  of  the  pubis  (ramus 
inferior)  passes  downwards  and  outwards  from  the  lower  part  of  the  body. 
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Flattened  aud  compressed,  it  unites  with  the  inferior  ramus  of  the  ischium,  and 
thus  encloses  the  thyroid  foramen,  whilst  in  correspondence  with  its  fellow  of 
the  opposite  side  it  completes  the  formation  of  the  pubic  arch.  Anteriorly  it 
furnishes  origins  for  the  gracilis,  adductor  brevis,  and  adductor  magnus  muscles, 
as  well  as  some  of  the  fibres  of  the  obturator  externus  muscle.  Its  inner  surface 
is  smooth,  whilst  its  lower  border,  rounded  or  more  or  less  everted,  has  attached  to 
it  the  fore-part  of  the  crus  penis  and  the  sub-pubic  ligament. 

The  acetabulum  or  cotyloid  cavity  is  the  nearly  circular  hollow  in  which  the 
head  of  the  thigh  bone  fits.  As  has  been  already  stated,  it  is  formed  by  the  fusion 
of  the  ilium  and  ischium  and  pubis  in  the  following  proportions :  the  ilium  a  little 
less  than  two-fifths,  the  ischium  somewhat  more  than  two-fifths,  the  pubis  con- 
stituting the  remaining  one-fifth.  It  is  so  placed  as  to  be  directed  downwards, 
outwards,  and  forwards,  and  is  surrounded  by  a  prominent  margin,  to  which  the 
capsule  and  cotyloid  ligament  of  the  hip -joint  are  attached.  Opposite  the 
obturator  foramen  this  margin  is  interrupted  by  the  cotyloid  notch  (incisura 
acetabuli) ;  immediately  external  to  the  ilio-pectineal  eminence  the  margin  is 
slightly  hollowed,  whilst  occasionally  there  is  a  feeble  notching  of  the  border 
above  and  behind.  These  irregularities  in  the  outline  of  the  margin  correspond  to 
the  lines  of  fusion  of  the  ilium  and  pubis  and  the  ilium  and  ischium  respectively. 
The  fioor  of  the  acetabulum  is  furnished  with  a  horseshoe-shaped  articular  surface, 
which  lines  the  circumference  of  the  hollow,  except  in  front,  wliere  it  is  interrupted 
by  the  cotyloid  notch.  It  is  Inroad  above ;  narrower  in  front  and  below.  Within 
this  articular  surface  there  is  a  more  or  less  circular  rough  area  (fossa  acetabuli) 
continuous  in  front  and  below  with  the  floor  of  the  cotyloid  notch.  This,  some- 
what depressed  below  the  surface  of  the  articular  area,  lodges  a  quantity  of  fat, 
and  provides  accommodation  for  the  interarticular  ligament  of  the  joint.  As  may 
be  seen  by  holding  the  bone  up  to  the  light,  the  floor  of  this  part  of  the  acetabulum 
is  not  usually  of  great  thickness.  The  major  part  of  the  non-articular  area  is 
formed  by  the  ischium,  which  also  forms  the  floor  of  the  cotyloid  notch. 

The  thyroid  or  obturator  foramen  (foramen  obturatum)  lies  in  front  of, 
below,  and  internal  to  the  acetabulum.  The  margins  of  this  opening,  which  are 
formed  in  front  and  above  by  the  pubis,  and  behind  and  below  by  the  ischium,  are 
sharp  and  thin,  except  above,  where  the  under  surface  of  the  superior  ramus  of  the 
pubis  is  channelled  by  the  obturator  groove.  Below,  and  on  either  side  of  this 
groove,  two  tubercles  can  usually  be  seen.  The  one,  situated  on  the  edge  of  the 
ischium,  just  in  front  of  the  cotyloid  notch,  is  named  the  posterior  obturator 
tubercle  (tuberculum  obturatorium  posterius) ;  the  other,  placed  on  the  lower 
Ijorder  of  the  inner  surface  of  the  superior  ramus  of  the  pubis,  is  called  the 
anterior  obturator  tubercle  (tuberculum  obturatorium  anterius).  Between  these 
two  tubercles  there  passes  a  ligamentous  band,  which  converts  the  groove  into  a 
canal  along  which  the  obturator  vessels  and  nerve  pass.  Elsewhere  in  the  fresh 
condition  the  obturator  or  thyroid  membrane  stretches  across  the  opening  from 
margin  to  margin.  The  form  of  the  foramen  varies  much,  being  oval  in  some 
specimens,  in  others  more  i:?^rly  triangular;  its  relative  width  in  the  female  is 
greater  than  the  male. 

Nutrient  foramina  for  the  ihum  are  seen  on  tlie  floor  of  the  iliac  fo!^.sa,  just  in  front  of  tlie 
sacro-auricular  surface  ;  on  the  jjelvic  aspect  of  the  bone,  close  to  the  great  sciatic  notch  ;  and  on 
the  gluteal  surface  externally,  near  the  centre  of  the  middle  curved  line.  For  the  ischium,  on  its 
pelvic  surface,  and  also  externally  on  the  groove  below  the  acetabulum.  For  the  pubis,  on  the 
surface  of  the  body,  and  deeply  also  from  the  acetabular  fossa. 

Connexions. — The  innominate  bone  articulates  with  the  sacrum  behind,  with  the  femur  to 
the  outer  side  and  below,  and  with  its  fellow  of  the  ojjposite  side  internally  and  in  front.  Each 
of  its  three  parts  comes  into  direct  relation  with  the  surface.  Above,  the  iliac  ci-est  assists  in 
forming  the  iliac  furrow,  which  serves  to  separate  the  region  of  the  flank  from  that  of  the 
buttock.  In  front,  the  anterior  superior  iliac  spine  forms  a  definite  landmark  ;  whilst  behind, 
the  posterior  superior  iliac  spines  will  be  found  to  correspond  with  dimples  situated  on 
either  side  of  the  middle  line  of  the  root  of  the  back.  The  symphysis,  the  crest,  and  sjjine  of  the 
pubis  can  all  be  distinguished  in  front,  though  overlain  by  a  consideralile  quantity  of  fat, 
whilst  the  position  of  the  tubei'osities  of  the  ischia,  when  uncover'ed  by  the  great  gluteal 
muscles  in  the  flexed  ])osition  of  the  thigh,  can  readily  be  a.scertained.  In  the  j^erineal  regicjn 
the  outline  of  the  pubic  and  ischial  rami  can' easily  be  determined  by  digital  examination. 


THE  PELVIS. 


213 


Architecture. — As  a  flat  liouc  the  os  innoiuinatutn  consists  of  spougy  tissue  between  two 
compact  external  layers.  These  latter  vary  nuieli  in  thickness,  being  exceptionally  stout  along 
the  ilio-ijectineal  line  and  the  floor  of  the  iliac  fossa  immediately  above  it.  The  gluteal  aspect 
of  the  ilium  is  also  formed  by  a  layer  of  considerable  thickness.  The  spongy  tissue  is  loose  and 
cellular  in  the  thick  part  of  tlie  ilium  and  in  the  body  of  the  ischium  ;  absent  where  the  floor  of 
the  iliac  fossa  is  formed  by  the  coalescence  of  the  thin  dense  confining  layers  ;  fine  grained  and 
more  compact  in  the  tuberosity  of  the  ischium,  the  iliac  crest,  and  the  floor  of  the  acetabulum, 
in  which  latter  situation  it  is  striated  by  fibres  which  are  directed  radially  to  the  surface  of  that 
hollow,  these  again  l^eing  crossed  at  right  angles  by  others  which  are  arranged  circumferentially. 
This  spongy  tissue  forms  a  more  compact  layer  over  the  surface  of  the  upper  and  Ijack  jiortion  of 
the  acetabular  articular  area.  The  bottom  of  the  floor  of  the  acetabulum  varies  in  thickness  ;  in 
most  cases  it  is  thin  and  in  exceptional  instances  the  bone  is  here  deficient.  The  same  condition 
lias  been  met  with  in  the  iliac  fossa,  where  absorption  of  the  thin  bony  plate  has  taken  place. 

Variations. — Some  of  the  anomalies  met  with  in  the  haunch  bone  are  due  to  ossification  of 
the  ligaments  connected  with  it ;  in  other  cases  they  de^Jend  on  errors  of  development.  Failure  of 
union  Ijetween  the  pubic  and  ischial  rami  has  also  been  recorded.  Cases  have  occurred  where  the 
obturator  groove  has  been  bridged  across  by  bone,  and  one  case  is  noted  of  absence  of  the  cotyloid 
notch  on  the  acetabular  margin.  In  rare  cases  the  os  acetabuli  (see  Ossification)  remains  as  a 
separate  bone. 

Ossification  commences  in  the  ilium  about  the  ninth  week  of  intra-uterine  life ; 
about  the  fourth  month  a  centre  appears  below  the  acetabulum  for  the  ischium,  the  pubis 
being  developed  from  a 
centre  which  appears  in 


Ajjpears  about 
later  end  of  2iiil 
in.  of  fcetal  life 


Apijears  about  1.5 
years ;  fuses  22-25 
yf 


Appears  about 
15  years  ;  fuses 
22-25  years 


front  of  the  acetabulum 
about  the  fifth  or  sixtli 
month.  At  birth  the  form 
of  tlie  ilium  is  well  defined ; 
tlie  body  and  part  of  the 
tuberosity  of  the  ischium 
are  ossified,  as  well  as  the 
horizontal  ramus  and  part 
of  the  body  of  the  pubis. 
All  three  parts  enter  into 
the  formation  of  the  sides 
of  the  acetabulum,  and  by 
the  third  year  have  con- 
verged to  form  the  bottom 
of  that  hollow,  being 
separated  from  each  other 
by  a  triradiate  piece  of 
cartilage,  in  which,  about 
the  twelfth  year,  independ- 
ent ossific  centres  make 
their  appearance,  which 
may  or  may  not  become 
fused  with  the  adjacent  bones.  In  the  latter  case  they  unite  to  form  an  independent 
ossicle,  the  os  acetabuli,  which  subsequently  fuses  with  and  forms  the  acetabular  part  of  the 
pubis.  By  the  age  of  sixteen  the  ossification  of  the  acetabulum  is  usually  completed, 
whilst  the  rami  of  the  ischium  and  pubis  commonly  unite  about  the  tenth  year.  Secondary' 
centres,  six  in  number,  make  their  appearance  about  the  age  of  puberty,  and  are  found  in 
the  following  situations  :  one  for  the  anterior  inferior  iliac  spine,  one  for  the  iliac  crest  and 
the  anterior  and  posterior  superior  iliac  spines,  a  scale-like  epiphysis  over  the  tuberosity  of 
the  ischium,  a  separate  epiphysis  for  the  spine  of  the  ischium,  (1)  a  point  for  the  spine 
and  another  for  the  angle  of  the  pubis.  Fusion  between  these  and  the  primary  centres 
is  usually  complete  between  the  twenty-second  and  twenty-fifth  years. 


A|ipeais  about 
4th  lii.  of  fcetal 
life 


Appears  about  15 
years  ;  fuses  22- 
%  25  years 

At  Birth. 


Unite  about  10  years 


About  12  or  13  years. 
Fig.  157. — Ossification  of  the  Innominate  Bone. 


The  Pelvis. 

The  pelvis  is  formed  by  the  union  of  the  innominate  bones  with  each  other  in 
front,  and  with  the  sacrum  behind.  In  man  the  dwarfed  caudal  vertebraj 
(coccygeal)  are  curved  forwards  and  so  encroach  upon  the  limits  of  tlie  pelvic 
cavity  inferiorly.  The  pelvis  is  divided  into  two  parts  by  the  ilio-pectineal  lines, 
which  curve  forwards  from  the  upper  part  of  the  lateral  masses  of  the  sacrum 
behind,  to  the  roots  of  the  spines  of  the  pube's  in  front.    The  part  above  is  called 
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the  false  pelvis  (pelvis  major),  and  serves  by  the  expanded  iliac  fossa-  to  support  the 
abdominal  contents:  the  part  below,  the  true  pelvis  (pelvis  minor)  contains  the 
pelvic  viscera,  and  in  the  female  forms  the  liony  canal  through  which,  at  full  term, 
the  foetus  is  expelled. 

The  true  pelvis  is  bounded  in  front  by  the  l)ody  and  rami  of  the  pubis  on  eitlier 


Fiii.  158. — Male  Pklvis  as  skkx  i  uom  the  Front. 


side,  with  the  symphysis  pubis  in  tlie  middle  line,  laterally  by  the  smooth  inner  ' 

surfaces  of  the  ischia  and  ischial  rami,  together  with  a  small  part  of  the  ilium  ! 

below  the  iliac  portion  of  the  ilio-pectineal  line.    Springing  from  the  posterior  ,, 

margin  of  the  ischium  are  the  inturned  ischial  spines.    Behind,  the  broad  curved  i| 

anterior  surface  of  the  sacrum,  and  below  it,  the  small  and  irregular  coccyx,  form  f 

its  posterior  wall.    Between  the  sides  of  the  sacrum  behind,  and  the  ischium  and  i 


Fig.  159.  —  Female  Pelvis  as  seen  from  the  Front. 


ilium  in  front  and  above,  there  is  a,  wide  interval,  called  the  sacro-sciatic  notch, 
which  is,  however,  bridged  across  in  the  recent  condition  by  the  great  and  small 
sacro-sciatic  ligaments,  which  thus  convert  it  into  two  foramina,  the  larger  above 
the  spine  of  the  ischium — the  great  sacro-sciatic  foramen,  the  lower  and  smaller 
below  the  spine,  called  the  small  sacro-sciatic  foramen. 
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The  inlet  (apertura  pelvis  superior)  of  the  pelvis  is  bounded  in  front  by  the 
symphysis  pubis,  with  the  body  of  the  pubis  on  either  side ;  laterally  by  the  ilio- 
pectineal  lines ;  and  behind  by  the  sacral  prominence.  The  circumference  of  this 
aperture  is  often  called  the  brim  of  the  pelvis  ;  in  the  male  its  shape  is  cordate,  in 
the  female  more  oval.  The  antero-posterior  or  conjugate  diameter  is  measured  from 
the  sacro-vertebral  angle  to  the  symphysis  pubis ;  the  oUique  diameter  from  the 
sacro-iliac  joint  of  one  side  to  the  ilio-pectineal  eminence  of  the  other ;  whilst  the 
transverse  diameter  is  taken  across  the  point  of  greatest  width. 

The  outlet  (apertura  pelvis  inferior)  is  bounded  anteriorly  by  the  pubic  arch 
(arcus  pubis),  formed  in  front  and  above  by  the  bodies  of  the  pubis,  with  the 
symphysis  between  them,  and  the  inferior  pubic  rami  below  and  on  either  side. 
These  latter  are  continuous  with  the  ischial  rami  which  pass  backwards  and 
outwards  to  the  ischial  tuberosities,  which  are  placed  on  either  side  of  this  aperture. 
In  the  middle  line  and  behind,  the  tip  of  the  coccyx  projects  forward,  and  in  the 
recent  condition  the  interval  between  this  and  the  ischial  tuberosities  is  bridged 
across  by  the  great  sacro-sciatic  ligament,  the  inferior  edge  of  which  necessarily 
assists  in  determining  the  shape  of  the  outlet. 

As  the  anterior  wall  of  the  cavity,  formed  by  the  symphysis  pubis,  measures 
from  1^  to  2  inches,  whilst  the  posterior  wall,  made  up  of  the  sacrum  and  coccyx,  is 
from  5  to  6  inches  in  length,  it  follows  that  the  planes  of  the  inlet  and  outlet  are 
not  parallel,  but  placed  at  an  angle  to  each  other.  The  term  axis  of  the  pelvis  is 
given  to  lines  drawn  at  right  angles  to  the  centre  of  these  planes.  Thus,  with  the 
pelvis  in  its  true  position,  when  the  figure  is  erect,  the  axis  of  the  inlet  corresponds 
to  a  line  drawn  downwards  and  backwards  from  the  umbilicus  towards  the  tip  of 
the  coccyx  below,  whilst  the  axis  of  the  outlet  is  directed  downwards  and  slightly 
backwards,  or  downwards  and  a  little  forwards,  varying  according  to  the  length  of 
the  coccyx.  Between  these  two  planes  the  axis  of  the  cavity,  as  it  passes  through 
planes  of  varying  degrees  of  obliquity,  describes  a  curve  repeating  pretty  closely  the 
curve  of  the  sacrum  and  coccyx. 

Position  of  the  Pelvis. — The  position  of  the  pelvis  in  the  living  when  the  figure  is 
erect  may  be  approximately  represented  by  placing  it  so  that  the  anterior  superior  iliac 
spines  and  the  symphysis  pubis  lie  in  the  same  vertical  plane.  Under  these  conditions 
the  plane  of  the  inlet  is  oblique,  and  forms  with  a  horizontal  line  an  angle  of  from  50°  to 
60°.  The  position  of  the  pelvis  depends  upon  the  length  of  the  ilio-femoral  ligaments  of 
the  hip-joint,  being  more  oblique  when  these  are  short,  as  usually  happens  in  women  in 
whom  the  anterior  superior  iliac  spines  tend  to  lie  in  a  plane  slightly  in  advance  of  that 
occupied  by  the  symphysis  pubis.  In  cases  where  the  ilio-femoral  ligament  is  long,  a 
greater  amount  of  extension  of  th^  hip-joint  is  permitted,  and  this  leads  to  a  lessening  of 
the  obliquity  of  the  pelvis.  This  condition,  which  is  more  typical  of  men,  results  in  the 
anterior  superior  iliac  spines  lying  in  a  plane  slightly  posterior  to  the  plane  of  the  sym- 
physis, whilst  the  angle  formed  by  the  plane  of  the  inlet  and  the  horizontal  is  thereby 
reduced.  Bearing  in  mind  the  oblique  position  of  the  pelvis,  it  will  now  be  seen  that  the 
front  of  the  sacrum  is  directed  downwards  more  than  forwards,  and  that  the  sacral  pro- 
montory is  raised  as  much  as  from  3^  to  4  inches  above  the  upper  border  of  the  symphysis 
pubis,  lying  higher  than  the  level  of  a  line  connecting  the  two  anterior  superior  iliac  spines. 
From  the  manner  in  which  the  sacrum  articulates  with  the  ilia,  it  will  be  noticed  that  the 
weight  of  the  trunk  is  transmitted  downwards  through  the  thickest  and  strongest  part  of 
the  bone  (see  Architecture)  to  the  upper  part  of  the  acetabula,  where  these  rest  on  the 
heads  of  the  femora. 

Sexual  Differences. — The  female  pelvis  is  lighter  in  its  construction  than  that  of 
the  male  ;  its  surfaces  are  smoother,  and  the  indications  of  muscular  attachments  less 
marked.  Its  height  is  less  and  the  splay  of  its  walls  not  so  pronounced  as  in  the  male, 
so  that  the  female  pelvis  has  been  well  described  as  a  short  segment  of  a  long  cone  as  con- 
trasted with  the  male  pelvis,  which  is  a  long  segment  of  a  short  cone.  The  cavity  of  the 
true  pelvis  in  the  female  is  more  roomy,  and  the  ischial  spines  not  so  much  inturned.  Tlie 
pubic  arch  is  wide  and  rounded,  and  will  usually  admit  a  right-angled-set  square  being 
placed  within,  so  that  the  summit  touches  the  under  surface  of  the  symphysis  pubis, 
whilst  the  sides  lie  in  contact  with  the  ischial  rami.  In  the  male  the  arch  is  narrow  and 
angular,  forming  an  angle  of  from  65°  to  70°.  The  sacro-sciatic  notch  in  the  female  is  wide 
and  shallow.    The  distance  from  the  posterior  edge  of  the  body  of  the  ischium  to  the 
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posterior  inferior  iliac  spine  is  longer,  measuring  on  an  average  50  mm.  (2  inches)  in  the 
female,  as  contrasted  with  40  mm.  (If  inches)  in  the  male. 

The  inlet  in  the  female  is  large  and  oval  or  reniform,  as  compai'ed  with  the  cribbed  and 
heart-shaped  aperture  in  the  male.  The  sacro-vertebral  angle  is  more  pronounced  in  the 
female,  and  the  obliquity  of  the  inlet  greater.  The  sacrum  is  shorter  and  wider.  The 
posterior  superior  iliac  spines  lie  wider  apart ;  the  pubic  crests  are  longer ;  and  the  pubic 
spines  are  separated  by  a  greater  interval  than  in  man.  The  outlet  is  larger ;  the  tubero- 
sities of  the  ischia  are  far  apart ;  and  the  coccyx  does  not  project  forward  so  much.  The 
curve  of  the  sacrum  is  liable  to  very  great  individual  variation.  As  a  rule  the  curve  is 
more  uniform  in  the  male,  whilst  in  the  female  it  tends  to  be  flatter  above  and  more 
accentuated  below.  There  is  a  greater  proportionate  width  between  the  acetabular 
hollows  in  the  female  than  in  the  male.  Of  much  importance  from  the  standpoint  of  the 
obstetrician  are  the  various  diameters  of  the  true  pelvis.  In  regard  to  this  it  is  worthy 
of  note  that  the  plane  of  "  greatest  pelvic  expansion  "  extends  from  the  luiion  between  the 
second  and  third  sacral  vertebrae  behind,  to  the  middle  of  the  symphysis  pubis  in  front, 
its  lateral  boundaries  on  either  side  corresponding  with  the  mid-point  of  the  inner  surface 
of  the  acetabulum  ;  whilst  the  plane  of  "least  pelvic  diameter"  lies  somewhat  lower,  and 
is  defined  by  lines  passing  through  the  sacro-coccygeal  articulation,  the  ischial  spines, 
and  the  lower  third  of  the  symphysis  pubis  (Norris).  Subjoined  is  a  table  showing  the 
principal  average  measurements  in  the  two  sexes  : — 


Males. 

Females. 

 •  

Maxiuumi  distance  between  the  iliac  crests 
Distance  between  the  anterior  superior  iliac 
spines 

Distance  between  the  last  lumbar  spine  and 
the  front  of  the  symphysis  j'uViis 

Ill  in.,  or  282  mm. 
9-h  in.,  or  240  mm. 

7  in.,  or  176  mm. 

lOf  in.,  or  273  mm. 
9f  in.,  or  250  nun. 

7^  in.,  or  180  mm. 

True  Pelvis. 


Males. 

Females. 

Inlet. 

Outlet. 

Inlet. 

Cavity. 

Outlet. 

Greatest. 

Least. 

Antero-posterior  (conju- 
gate) diameter 
Oblique  diameter  . 

Transveree  diameter 

4  in.,  or 
101  mm. 

4|^  in.  or 
120  mm. 

5  in.,  or 
127  mm. 

3f  in.,  or 
95  mm. 

3^  in.,  or 
88  mm. 

3\  in.,  or 
88  mm. ' 

4|-  in.,  or 
110  mm. 

5    in.,  or 
125  muL 

5^-  in.,  or 
135  mm. 

5   in.,  or 
127  mm. 

4|  in.,  or 
125  mm. 

4f  in.,  or 
110  mm. 

4|  in.,  or 
110  mm. 

4^  in.,  or 
115  mm. 

4 J-  in.,  or 
115  mm. 

4 1  in.,  or 
110  mm. 

Growth  of  the  Pelvis. — From  the  close  association  of  the  pelvic  girdle  with  the  lower  limb 
we  find  that  its  growth  takes  place  concurrently  -with  the  development  of  that  member.  At 
birth  the  lower  limbs  measure  but  a  fourth  of  tlie  entire  body  length  ;  consequently  at  that  time 
the  pelvis,  as  compared  with  the  head  and  trunk,  is  relatively  small.  At  this  period  of  life  the 
bladder  in  both  sexes  is  in  greater  part  an  abdominal  organ,  whilst  in  the  female  the  uterus  has 
not  yet  sunk  into  the  true  pelvic  cavity,  and  the  o-\'aries  and  Fallopian  tubes  rest  in  the  iliac 
fossffi.  The  sacro-vertebral  angle,  though  readily  recognised,  is  as  yet  but  faintly  marked. 
Coincident  with  the  remarkable  growth  of  the  lower  limbs  and  the  assumption  of  the  erec^t 
position  when  the  child  begins  to  walk,  striking  changes  take  place  in  the  form  and  size  of  tlie 
jjelvis.  These  consist  in  a  greater  expansion  of  the  iliac  liones  necessarily  associated  with  the 
growth  of  the  muscles  which  control  the  movements  of  the  hip,  together  with  a  marked  increase 
in  the  sacro-vertebral  angle  due  to  the  development  of  a  forward  lumbar  curve  ;  at  the  same  time,, 
the  weight  of  the  ti-unk  being  thrown  on  the  sacrum  causes  the  elements  of  that  bone  to  sink  to 
a  lower  level  between  the  innominate  bones.  The  cavity  of  the  true  j^elvis  increases  in  size 
ju'oportionally,  and  the  viscera  afore-mentioned  now  Ijegin  to  sink  down  and  have  assumed  a 
position  within  the  pelvis  by  the  fiftli  or  sixth  year.  The  extension  of  the  thighs  in  the 
upright  position  necessarily  brings  about  a  more  pronoimced  jielvic  obliquity,  whilst  the  .stoutness 
and  thickness  of  the  ilium  over  the  up]ier  jiart  of  the  acetalndum  is  much  increased  to  withstand 
the  pressure  to  which  it  is  obviously  sul)jected.    Coincident  witli  this  is  the  gradual  development 
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of  the  iliac  portion  of  the  ilio-pectineal  line,  which  serves  in  the  adult  to  separate  sharply  the 
false  from  the  true  pelvis.    This  part  of  the  hone  is  remarkably  strong,  as  has  been  shown  (see 

Architecture),  and  serves  to  transmit  the  body 
weiglit  from  the  sacrum  to  the  thigh  bone.  The 
sexual  differences  of  the  jielvis,  so  far  as  they 
refer  to  the  general  configuration  of  this  part  of 
the  skeleton,  are  as  pronounced  at  the  third  or 
fourth  month  of  foetal  life  as  they  are  in  the 
adult  (Fehling,  Ztschr.  f.  Gehurtsh.  u.  GynaeJc., 
Bd.  ix.  and  x. ;  A.  Thomson,  Journ.  Anat.  and 
Phymol.,  vol.  xxxiii.  p.  359).  The  rougher  ai^jiear- 
ance  of  the  male  type  is  correlated  with  the 
more  powerful  muscular  development. 


Pyrifoniiis 

Gluteus 
minimus 
Great 
trochanter 


Spiral  line 


The  Femur. 


The  femur  or  thigh  bone  is  remark- 
able for  its  length,  being  the  longest  bone 
in  the  body.  Superiorly  the  femora  are 
separated  by  the  width  of  the  pelvis. 
Inferiorly  they  articulate  with  the  tibipe 
and  patellae.  In  the  military  position  of 
attention,  with  the  knees  close  together, 
the  shafts  of  the  thigh  bones  occupy  an 
oblique  position.  For  descriptive  purposes 
the  bone  is  divided  into  an  upper  ex- 
tremity, comprising  the  head,  neck,  and 
two  trochanters ;  a  shaft ;  and  a  lower 
extremity,  forming  the  expansions  known 
as  the  condyles. 

The  head  (caput  femoris)  is  the  hemi- 
spherical articular  surface  which,  when 
coated  with  cartilage,  fits  into  the  acetab- 
ular hollow.    Its  pole  is  directed  upwards 
and  inwards  and  slightly  forwards.  A 
little  below  tlie   summit,  and  usually 
somewhat  behind  it,  is  a  hollow  oval 
pit  (fovea  capitis  femoris)  for  the  attach- 
ment of  the  ligamentum  teres.    The  cir- 
cumference of  the  head  forms  a  lip  with 
a  wavy  outline,  more  prominent  above 
and  behind  than  in  front.    The  head  is 
supported  by  a  stout  compressed  bar  of 
bone,  the  neck  (collum  femoris),  which 
forms  with  the  upper  end  of  the  shaft  an 
angle  of  about  125  degrees,  and  is  directed 
upwards,  inwards,  and  a  little  forwards. 
Its  vertical  width  exceeds   its  antero- 
posterior thickness. 
Constricted    about  its 
middle,  it  expands  in- 
ternally to  support  the 
head,  whilst  externally, 
where  it  joins  the  shaft, 
its  vertical  diameter  is 
much  increased.  An- 
teriorly  it    is  clearly 
defined  from  the  shaft 
by  a  rough  ridge  which 
commences  above  on  a 
prominence,  sometimes  called  the  tubercle  of  the  femur,  and  passes  obliquely  down- 


External  tiiberosit\ 


Popliteus 


External  (.'ONdyle 


Adductor 
tubercle 
Adductor 
~iHagnus 

Internal 
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Internal  condyle 


Fig.  160. — Right  Femur  as  seen  from  the  Front. 


218 


OSTEOLOGY. 


Head 

Fossa  for  ho.  tere.s 


Digital  fossa 


Great 
trochanter 
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wards  and  inwards.  This  constitutes  the  upper  part  of  the  spiral  line  (linea  inter- 
trochautei-ica),  and  serves  for  the  attachment  of  the  ilio-femoral  ligament  of  the 

hip-joint.  Posteriorly,  where 
the  neck  unites  with  the 
shaft,  there  is  a  full  rounded 
ridge  passing  from  the  tro- 
chanter major  above  to  the 
trochanter  minor  below ; 
this  is  the  posterior  inter- 
trochanteric J  line  or  ridge 
(crista  intertrochanterica). 
A  little  above  the  middle 
of  this  ridge  there  is  usually 
a  fulness  which  serves  to 
indicate  the  upper  limit  of 
attachment  of  the  quadratus 
femoris  muscle,  and  is  called 
the  tubercle  for  the  quad- 
ratus. Externally  the  neck 
is  embedded  in  the  inner 
surface  of  the  trochanter 
major,  by  which,  at  its  upper 
and  back  part,  it  is  to  some 
extent  overhung.  Here  is 
situated  the  digital  fossa 
(fossa  trochanterica),  into 
which  the  tendon  of  the 
obturator  externus  is  in- 
serted. Passing  nearly  hori- 
zontally across  the  back  of 
the  neck  there  is  a  faint 
groove  leading  into  this 
depression ;  in  this  the 
tendon  of  the  ol)turator 
externus  muscle  lies.  In- 
feriorly  the  neck  becomes 
confluent  with  the  tro- 
chanter minor  behind,  and 
is  continuous  with  the  inner 
surface  of  the  shaft  in  front. 
The  neck  is  pierced  by  many 
vascular  canals,  most  numer- 
ous at  tlie  upper  and  back 
part.  Some  ■  are  directed 
upwards  towards  the  head, 
whilst  otliers  pass  in  the 
direction  of  the  trochanter 
major. 

The  trochanter  major 

is  a  large  quadrangular 
process  which  caps  the  upper 
and  outer  part  of  the  shaft, 
and  overhangs  the  root  of 
the  neck  above  and  behind. 
Its  outer  surface,  of  rounded 
irregular  form,  slopes  up- 
wards and  inwards,  and  is 
separated  from  the  external  surface  of  the  shaft  below  by  a  more  or  less  hori- 
zontal ridge.    Crossing  it  obliquely  from  the  posterior  superior  to  the  anterior 
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inferior  angle  is  a  rough  liue  which  serves  for  the  insertion  of  the  gluteus  medius 
muscle ;  above  and  below  this  the  surface  of  the  bone  is  smoother  and  is  overlain 
by  bursie.  The  anierior  surface,  somewhat  oljlong  in  shape,  and  inclined  obliquely 
from  below  upwards  and  inwards,  is  elevated  from  the  general  aspect  of  the  shaft 
below,  from  which  it  is  separ-  head 
ated  in  front  by  an  oblique  line 
leading  upwards  and  inwards 
to  the  tubercle  at  the  upper 
end  of  the  superior  part  of  the 
spiral  line.  This  surface  serves 
for  the  insertion  of  the  gluteus 
minimus.  The  superior  border 
is  curved  and  elevated ;  into  it 
are  inserted  the  tendons  of  the 
obturator  internus  and  gemelli 
muscles  within  and  in  front,  and 
the  pyriformis  muscle  above  and 
behind.  The  posterior  border  is 
thick  and  rounded,  and  forms  the 
upper  part  of  the  posterior  inter- 
trochanteric ridge.  The  angle 
formed  by  the  superior  and 
posterior  borders  is  sharp  and 
pointed,  and  forms  the  tip  of 
the  trochanter  overhanging  the 
digital  fossa,  which  lies  imme- 
diately below  and  within  its 
inner  surface. 

The  trochanter  minor  is  an 
elevated  pyramidal  process 
situated  at  the  back  of  the  inner 
and  upper  partof  the  shaft  where 
that  becomes  continuous  with 
the  lower  and  posterior  part  of 
the  neck.  Confluent  above 
with  the  posterior  intertro- 
chanteric ridge,  it  gradually 
fades  away  into  the  back  of  the^ 

shaft  below.  The  combined  tendon  of  the  ilio-psoas  is  inserted  into  this  process 
and  the  bone  immediately  below  it. 

The  shaft  (corpus  femoris),  which  is  characterised  by  its  great  length,  is  cylin- 
drical in  form.  As  viewed  from  the  front,  it  is  straight  or  but  slightly  curved ;  as 
seen  in  profile,  it  is  bent  forwards,  the  curve  being  most  pronounced  in  its  upper 
part.  The  shaft  is  thinnest  at  some  little  distance  above  its  middle ;  below  this  it 
gradually  increases  in  width  to  support  the  condyles  interiorly ;  its  aiitero-posterior 
diameter,  however,  is  not  much  increased  below.  Its  surfaces  are  generally  smooth 
and  rounded,  except  behind,  where,  running  longitudinally  down  the  centre  of  its 
curved  posterior  aspect,  there  is  a  rough-lipped  ridge,  the  linea  aspera  (linea  aspera). 
Most  salient  towards  the  middle  of  the  shaft,  the  linea  aspera  consists  of  an  inner 
lip  (labium  mediale)  and  an  outer  lip  (labium  laterale),  with  a  narrow  intervening 
rough  surface.  Above,  about  2  to  2^  inches  from  the  trochanter  minor,  the  linea 
aspera  is  formed  by  the  convergence  of  three  lines.  Of  these  the  outer  is  a  rough, 
somewhat  elevated,  ridge,  which  commences  above,  on  the  back  of  the  shaft,  external 
to  and  on  a  level  with  the  trochanter  minor,  and  becomes  continuous  below  with 
the  outer  lip  of  the  linea  aspera.  This  serves  for  the  bony  insertion  of  the  gluteus 
maximus,  and  is  occasionally  developed  into  an  outstanding  process  called  the 
trochanter  tertius.  Internally  the  inner  lip  of  the  linea  aspera  is  confluent  above 
with  a  line  which  winds  round  the  shaft  upwards  and  forwards  in  front  of  the 
trochanter  minor  to  become  continuous  with  the  rough  ridge  which  serves  to  define 
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the  neck  from  the  shaft  anteriorly  (see  ante).  The  whole  constitutes  what  is  known 
as  the  spiral  line,  and  extends  from  the  fore  and  upper  part  of  the  trochanter  minor 
ahove  to  the  linea  aspera  below.  Intermediate  in  position  between  the  spiral  line 
in  front  and  internally,  and  the  gluteal  ridge  externally,  there  is  a  third  line, 
the  pectineal  line  (linea  pectinea),  which  passes  down  from  the  trochanter  minor 
and  fades  away  interiorly  into  the  surface  between  the  two  lips  of  the  linea  aspera. 
Into  this  the  pectineus  muscle  is  inserted.  About  the  junction  of  the  middle  with 
the  lower  third  of  the  shaft  the  two  lips  of  the  linea  aspera  separate  from  one 
another,  each  passing  in  the  direction  of  the  condyle  of  the  corresponding  side. 
The  lines  so  formed  are  called  the  inner  and  outer  epicondylic  lines  respectively,  and 
enclose  between  them  a  smooth  triangular  area  corresponding  to  the  back  of  the 
lower  third  of  the  shaft ;  this,  called  the  popliteal  surface  (planiim  popliteum),  forms 
the  iloor  of  the  upper  part  of  the  popliteal  space.  The  continuity  of  the  upper  part 
of  tlie  internal  epicondylic  line  is  but  faintly  marked,  being  interrupted  by  a  wide 
and  faint  groove  along  which  the  popliteal  artery  passes  to  enter  the  space  of  that 
name.  Below,  where  the  line  ends  on  the  upper  and  inner  surface  of  the  internal 
condyle,  there  is  a  little  spur  of  bone  called  the  adductor  tubercle,  to  which  the 
tendon  of  the  adductor  magnus  is  attached,  and  beliind  wliich  the  inner  head  of  the 
gastrocnemius  muscle  takes  origin. 

The  linea  aspera  affords  e.xteiisive  linear  attacliiiieuts  to  many  of  tlie  muscles  of  the  thigli. 
The  vastus  iuternus  arises  from  tlie  spiral  line  above  and  the  inner  lip  of  the  linea  asjjera  beknv. 
The  adductor  longus  is  inserted  into  tlie  inner  lip  about  the  middle  third  of  the  lengtli  of  the  shaft 
The  adductor  inagnus  is  inserted  into  the  intermediate  i)art  of  the  line,  extending  as  high  as  the 
level  of  the  trochanter  minor,  where  it  lies  internal  to  the  insertion  of  tlie  gluteus  maxiinus. 
Below,  its  insertion  passes  on  tlie  internal  epicondylic  ridge,  reaching  as  low  as  tlie  adductor 
tubercle.  The  adductor  brevis  muscle  is  inserted  into  the  linea  aspera  above,  between  the  pec- 
tineus and  adductor  longus  muscles  internally  and  the  adductor  magnus  externally.  Below  the 
insertion  of  the  gluteus  maxiinus  the  short  head  of  the  bicejjs  arises  from  the  outer  lip  as  well  as  from 
the  external  epicondylic  line  ;  in  front  these  also  serve  for  the  origin  of  the  vastus  externus  muscle. 

Tile  canals  for  the  nutrient  arteries  of  the  shaft,  which  have  an  U2)ward  direction,  are  usually 
two  in  numl)er,  and  are  jjlaced  on  or  near  the  linea  asj^era — the  uiij)er  one  about  the  level  of  the 
junction  of  the  middle  and  upj)er  tliird  of  the  bone,  the  lower  some  three  or  four  inches  belaw — 
usually  on  the  inner  side  of  the  shaft,  immediately  in  front  of  the  inner  lip  of  the  linea  aspera. 

The  front  and  lateral  aspects  of  the  shaft  are  covered  by,  and  furnish  surfaces 
for,  the  origins  of  the  vasti  and  crureus  muscles. 

The  lower  extremity  of  the  femur  comprises  the  two  condyles.  These  are  two 
recurved  processes  of  bone,  each  provided  with  an  articular  surface,  and  separated 
behind  hj  a  deep  intercondylic  notch.  United  in  front,  where  their  combined 
articular  surfaces  form  an  area  on  which  the  patella  rests,  the  two  condyles  differ 
from  each  other  in  the  following  respects  :  If  the  shaft  of  the  bone  he  held  vertically, 
the  internal  condyle  is  seen  to  reach  a  lower  level  than  the  external ;  but,  as  the 
femur  lies  obliquely  in  the  thigh,  the  condyles  are  so  placed  that  their  inferior  sur- 
faces lie  in  the  same  horizontal  plane.  Viewed  from  below,  the  internal  condyle  is 
seen  to  be  the  narrower  and  shorter  of  the  two.  The  external  condyle  is  broader, 
and  advances  further  forward  and  higher  up  on  the  anterior  surface  of  the  shaft. 
The  intercondylic  notch  (fossa  intercondyloidea)  reaches  forwards  as  far  as  a  trans- 
verse line  drawn  through  the  centre  of  the  external  condyle.  Its  sides  are  formed 
by  the  inner  and  outer  surfaces  of  the  outer  and  inner  condyles  respectively,  the 
latter  being  more  deeply  excavated,  and  displaying  an  oval  surface  near  its  lower 
and  anterior  part  for  the  attachment  of  the  posterior  crucial  ligament  of  the  knee- 
joint.  Placed  higli  up,  on  the  posterior  part  of  the  inner  surface  of  the  external 
condyle,  there  is  a  corresponding  surface  for  the  attachment  of  the  anterior  crucial 
ligament.  The  floor  of  the  notch,  which  is  pierced  by  numerous  vascular  canals, 
slopes  upwards  and  backwards  towards  the  popliteal  surface  on  the  back  of  the 
shaft,  from  which  it  is  separated  by  a  slight  ridge  (linea  intercondyloidea)  to  which 
the  posterior  part  of  the  capsule  of  the  knee-joint  is  attached. 

The  cutaneous  aspect  of  each  condyle  (i.e.  the  outer  surface  of  the  external 
condyle  and  the  inner  surface  of  the  internal  condyle)  presents  an  elevated  rough 
surface,  called  the  tuberosity  (epicondylus),  that  of  the  internal  (epicondylus 
medialis)  being  the  more  pronounced  and  outstanding  from  the  line  of  the  sliaft ; 
capped  above  by  the  adductor  tubercle,  it  affords  attachment  near  its  most  pro- 
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luinent  point  to  the  fibres  of  the  internal  lateral  ligament  of  the  knee-joint.  The 
external  tuberosity  (epicondylus  lateralis),  less  pronounced  and  lying  more  in  line 
with  the  outer  surface  of  the  shaft,  is  channelled  behind  by 
a  curved  groove — the  lower  rounded  lip  of  which  serves  to 
separate  it  from  the  inferior  articular  surface.  This  groove 
ends  in  front  in  a  pit  which  is  placed  just  below  the  most 
salient  point  of  the  tuberosity  ;  hereto  is  attached  the  tendon 
of  the  popliteus  muscle,  which  overlies  the  lower  lip  of  the 
groove  in  the  extended  position  of  the  joint,  but  slips  into 
and  occupies  the  groove  when  the  joint  is  Hexed.  Behind 
the  most  prominent  part  of  the  external 
tuberosity,  and  just  above  the  pit  for  the 
attachment  of  the  popliteus,  the  external 
lateral  ligament  of  the  knee-joint  is 
attached,  whilst  superior  to  that  tliere 
is  a  circumscribed  area  for  the  origin  of 
the  tendinous  part  of  the  outer  head  of 
the  gastrocnemius  muscle. 

The  articular  surface  on  the  lower  ex- 
tremity is  divisible  into  three  parts — 
that  which  corresponds  to  the  inferior 
surface  of  the  shaft  and  which  is  formed 
by  the  coalescence  of  the  two  condyles 
in  front,  and  those  which  overlie  the 
under  and  hinder  aspects  of  each  of  those  processes.  The  former  is  separated  from 
the  latter  by  two  shallow  oblique  grooves  which  traverse  the  articular  surface 
from  before  backwards,  on  either  side,  in  the  direction  of  the  anterior  part  of  the 
intercondylic  notch.  These  furrows  are  the  impressions  in  which  fit  the  fore-parts 
of  the  internal  and  external  semilunar  cartilages  of  the  knee-joint  respectively  when 
the  knee-joint  is  extended.  The  anterior  articular  area  or  trochlea  (facies  patellaris) 
is  adapted  for  articulation  with  the  patella.  Convex  from  above  downwards,  it 
displays  a  broad  and  shallow  central  groove,  bounded  on  either  side  by  two  slightly 
convex  surfaces.  Of  the  two  sides,  the  external  is  the  wider  and  more  prominent 
and  rises  on  the  front  of  the  bone  to  a  higher  level  than  the  internal.  The 
condyloid  or  tibial  surfaces  are  convex  from  side  to  side,  and  convex  from 
before  backwards.    Sweeping  round  the  under  siirface  and  posterior  extremities  of 

the  condyles,  they  describe 
a  spiral  curve  more  open 
in    front    than  behind. 
The  inner  condyloid  arti- 
cular surface  is  narrower 
than  the  outer,  and  when 
viewed  from  below  is  also 
seen  to  describe  a  curve 
around  a  vertical  axis. 
The  articular  surface  of 
the  external  condyle  is 
inclined   obliquely  from 
backwards  and 
outwards.  The 
of  the  condyles 
above  the  articular  area 
surface  of  the  shaft ;  from 
The  bone  from  which  the 
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posteriorly  are  confluent  superiorly  with  the  popUteal 
these  areas  the  heads  of  the  gastrocnemius  muscles  arise, 
inner  head  of  the  muscle  springs  is  often  elevated  in  the  form  of  a  tubercle  placed  on 
the  lower  part  of  the  popliteal  surface  of  the  shaft,  just  above  the  internal  condyle. 
The  proportionate  length  of  the  femur  to  the  body  height  is  as  1  is  to  3-53-3-92. 

Arterial  Foramina. — Numerous  vascular  canals  are  seen  in  the  region  of  the  neck,  at  the 
bottom  of  the  digital  fossa,  on  the  posterior  intercondylic  ridge  and  on  the  external  surface  of 
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the  great  trocliantcr.  The  nutrient  arteries  for  the  shaft  pierce  the  Ixnu'  (in  or  near  tlie  linea 
aspera.  Botli  liack  and  fnnit  of  the  lower  end  of  ' the  shaft  display  tlie  openings  of  niunerous 
vascular  canals,  and  the  Horn-  of  tlie  intercondylic  notch  is  also  similarly  pierced. 

Connexions. — The  femur  articulates  with  the  os  innoniinatum  above  and  the  tihiaand  jjatella 
lielow.  The  external  surface  of  the  great  trochanter  determines  the  point  of  greatest  hip  widtli 
in  the  male,  being  covered  only  hy  the  skin  and  superficial  fascia  and  tlie  aponeurotic  insertion  of 
the  gluteus  maxiiiius.  In  the  erect  position  the  tip  of  the  trochanter  corre.sponds  to  the  level  of 
the  centre  of  the  hip  joint.  When  the  thigh  is  flexed  the  trochanter  major  sinks  under  cover 
of  the  anterior  fibres  of  the  gluteus  maximus.  In  women  the  hip  width  is  usually  greatest  at 
some  little  distance  below  the  trochanter,  due  to  the  accumulation  of  fat  in  this  region.  The 
shaft  of  the  bone  is  surrounded  on  all  sides  hy  muscles.  Its  forward  curve,  liowever,  is  account- 
able to  some  extent  for  the  fulness  of  the  front  of  the  thigli.  The  exposed  surfaces  of  the  condyles 
determine  to  a  large  extent  the  form  of  the  knee.  In  flexion  tlie  articular  edges  can  easily  be 
recognised  on  either  side  of  and  below  the  patella. 

Architecture. — The  shaft  has  a  medullary  cavity  which  reaches  as  high  as  the  root  of  the 
small  ti'oclianter.  Inferiorly  it  extends  to  within  85  inches  of  the  lower  articular  surface.  In 
the  njjper  half  the  outer  compact  wall  is  very  thick,  but  below  the  middle  of  the  shaft  it 
gradually  thins  until  it  reaches  the  condyles  inferiorly,  over  which  it  passes  as  a  tliin,  hardly 
definable  external  layer.  Above,  it  is  especially  thick  along  the  line  of  the  linea  asjiera,  and 
here  the  large  nutrient  canal  may  be  seen  passing  obliquely  upwards  in  the  substance  of  the 
dense  bone  for  the  space  of  two  inches.  In  the  upper  end  of  the  shaft  the  osseous  lamelhe 
springing  from  the  sides  of  the  medullary  cavity  arch  inwards  to\\'ards  the  centre,  intersecting 
each  other  in  a  manner  comparable  to  tlie  tracery  of  a  Gothic  window.  The  lower  wall  of  the 
neck  is  thick  below,  near  tlie  trochanter  minor,  but  thins  rapidly  befoi'e  it  reaches  the  head. 
From  this  aspect  of  the  neck  there  spring  a  series  of  oblique  lamelhe  which  pass  upwards  and 
inwards,  spreading  in  fan-shaped  inanner  into  the  under  surface  of  the  head.  These  are 
intersected  above  by  lamelhe  which  arch  inwards  from  the  outer  side  of  the  shaft  below  the 
great  trochanter,  as  well  as  from  the  under  surface  of  the  thin  but  compact  outer  shell  of  the 
upper  surface  of  the  neck,  the  whole  forming  a  bracket-like  (U'rangement  which  assists  materially 
in  adding  to  the  strength  of  the  neck.  Further  support  is  given  by  the  addition  of  a  spur  of 
dense  bone  which  springs  from  the  inner  surface  of  the  under  side  of  the  neck,  just  in  front  of 
and  above  the  trochanter  minor  :  this  is  called  the  calcar  femorale.  From  it  stout  lamelhe  having 
a  vertical  direction  arise.  The  sjiongy  tissue  of  the  head  and  great  trochanter  is  finely 
reticulated,  that  of  the  lower  part  of  the  neck  and  upper  ])art  of  the  .shaft  being  more  ojien  in  its 
texture.  Passing  vertically  downwards  through  this  tissue  there  is  a  vascular  canal,  the  orifice 
of  which  opens  externally  on  the  floor  of  the  digital  fo.ssa. 

The  spongy  tissue  of  the  lower  j^art  of  the  shaft  is  more  delicate  and  uniform  in  its 
ari-angenient,  disjdaying  a  more  or  less  parallel  striation  in  a  longitudinal  direction.  Subjacent 
to  the  articular  surface  the  tissue  is  rendered  more  compact  by  the  addition  of  lamella;  disposed 
in  curves  in  harmony  with  the  external  aspect  of  the  bone. 

Variations. — Alisence  of  the  jiit  on  the  head  of  the  femur  for  the  attachment  of  the 
liganientum  teres  has  been  recorded.  This  corresponds  with  the  condition  met  M'ith  in  the 
orang.  Not  infrequently  there  is  an  extension  of  the  articular  surface  of  the  head  on  to  the  fore 
and  upper  aspect  of  the  neck  ;  this  is  a  "  j)ressure  facet "  caused  by  the  contact  of  the  iliac  jjortion 
of  the  acetabular  margin  with  the  neck  of  the  Ijone,  when  the  liml)  is  maintained  for  long  periods 
in  the  flexed  2)osition,  as  in  tailors,  and  also  in  those  races  who  liabitually  squat  (Lane,  Journ. 
Anat.  and  Physiol.,  vol.  xxii.  p.  606). 

The  occurrence  of  a  trochanter  tei  f  ius  lias  l)eeii  already  referred  to.  Its  presence  is  not  con- 
fined to  individuals  of  powerful  physique,  but  may  occur  in  those  of  slender  build,  so  far 
suggesting  that  it  is  not  to  be  regarded  merely  as  an  indication  of  excessive  mu.scnlar  develop- 
ment. The  observations  of  Dixon  (Journ.  Anat.  and  Physiol.,  vol.  xxx.  ji.  502),  wlio  noted  the 
occurrence  of  a  separate  epiphysis  in  three  cases  in  connexion  with  it,  seem  to  jioint  to  its 
possessing  some  morphological  significance. 

Occasionally  the  gluteal  ridge  may  be  replaced  by  a  liollow,  tlie  fo.-^.si  liypotrochanterica,  or  in 
some  cases  the  two  may  co-exist. 

The  angle  of  the  neck  is  more  open  in  the  child  than  in  the  adult,  and  tends  to  be  less 
when  the  femoral  length  is  short  and  the  pelvic  width  great — conditions  which  particularly 
ai:)pertain  to  the  female.  There  is  no  evidence  to  show  that  after  growth  is  completed  any 
alteration  takes  place  in  the  angle  with  advancing  years  (Huni])lirv). 

The  curvature  of  the  shaft  may  undergo  considerable  variations,  and  the  appearance  of  the 
posterior  surface  of  the  bone  may  be  modified  by  an  absence  of  the  linea  aspera,  a  condition 
resembling  that  seen  in  apes  ;  or  by  an  unusual  elevation  of  tlie  bone  wliich  supports  the  ridge 
(fevinr  a  pilastre),  jiroduced,  as  Manonvrier  has  suggested,  by  tlie  excessive  development  of  the 
muscles  here  attached. 

Under  the  term  ^^jdatymerit;,"  Manouvrier  describes  an  antero-postei'ior  compression  of  the 
u])2)er  jiart  of  the  shaft,  fre(piently  met  with  in  tlie  femora  of  jireliisturic  races. 

Ossification. — Tbc  shaft  begins  to  ossify  early  in  the  .second  month  of  fa'tal  life,  and  at 
birth  displays  eiilargcmeuts  at  both  ends,  which  are  capped  with  cartilage.  If  the  inferior 
cartilaginous  end  be  sliced  away,  a  small  ossific  nucleus  for  the  inferior  epiphysis  will  usual]}' 
be  seen.  This,  as  a  rule,  makes  its  appearance  towards  the  latter  end  of  the  ninth  niontli 
of  foetal  life,  aiul  is  of  service  from  a  medico-legal  standpoint  in  detcnniiiing  the  age  of  the 
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Fuses  with  shaft 
about  l.S-19  yeais 


first  vnar 


foetus.  According  to  Hartman,  it  is  absent  in  about  12  per  cent  of  children  at  term,  and 
may  appear  as  early  as  the  eighth  month  of  fostal  life  in  about  7  per  cent.  The  superior 
extremity,    entirely  carti- 

lao'inous  at  birth,  comprises  Appears  about 

the  head,  neck,  and  tro- 
chanter majoi".  A  centre 
appears  for  the  head  during 
the  early  part  of  the  first 
year.  That  for  the  tro- 
chanter major  begins  to 
ossify  about  the  second  or 
third  year,  whilst  the  neck 
is  developed  as  an  upward 
extension  of  the  shaft,  which 
is,  however,  not  coniined  to 
the  neck  alone,  but  forms  the 
lower  circumference  of  the 
articular  head,  as  may  be 
seen  in  bones  up  to  the  age 
of  twelve  or  sixteen ;  after 
that,  the  separate  epiphysis 
of  the  head  begins  to  over- 
lap it  so  as  to  cover  it  en- 
tirely when  fusion  is  com- 
plete at  the  age  of  eighteen 
or  twenty. 

The  epiphysis  of  the  great 
trochanter  unites  with  the 
shaft  and  neck  about  eigh- 
teen or  nineteen,  whilst  the 

epiphysis  for  the  trochanter  minor,  which  usually  makes  its  appearance  about  the  twelfth 
or  thirteenth  year,  is  usually  completely  fused  with  the  shaft  about  the  age  of  eighteen. 
The  epiphysis  for  the  lower  end,  although  the  first  to  ossify,  is  not  completely  united  to 
the  shaft  until  from  about  the  twentieth  to  the  twenty-second  year.  It  is  worthy  of  note 
that  the  line  of  fusion  of  the  shaft  and  inferior  epiphysis  passes  through  the  adductor 
tubercle,  a  point  which  can  easily  be  determined  in  the  living. 


Usually  apjiears  i 
the  9th  month  of 
fo?tal  life. 


At  birth. 


Fuses  with  shaft  about  20-22  years 
About  12  years.  About  16  years. 

Fig.  165. — Ossification  of  Femur. 


The  Patella. 


The  patella,  the  largest  of  tiie  sesamoid  bones,  overlies  the  front  of  the  knee- 
joint  in  the  tendon  of  the  quadriceps  extensor.    Of  compressed  form  and  somewhat 

triangular  shape,  its 

External  ARTfcuLAR  FAOET    ^QyfQT-    angle  projcctS 

downvpards  and  forms 
a  peak,  called  the  apex 
(apex  patellfe),  whilst 
its  upper  edge,  or  base 
(basis  patellae),  broad, 
thick,  and  sloping 
forwards  and  a  little 
downwards,  is  divided 
into  two  areas  by  a 
transverse  line  or 
groove ;  the  anterior 


Surface  for  the  ligauieutuni  patella 


Fig.  166. — Right  Patella. 


A,  Anterior  surface. 


B,  Posterior  surfact 


area     so  defined 
serves  for  the  attach- 
ment of  the  common 
tendon  of  the  quad- 
riceps extensor  muscle,  whilst  the  posterior,  of  compressed  triangular  shape,  is 
covered  hj  synovial  membrane.    The  i7mer  and  outer  borders,  of  curved  outline, 
receive  the  insertions  of  the  vastus  internus  and  externus  muscles  respectively,  the 
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attacliment  of  the  vastus  internus  being  more  extensive  than  that  of  the  vastus 
externus.  The  anterior  surface  of  the  bone,  shghtly  convex  in  both  diameters,  has 
a  fibrous  appearance,  due  to  its  longitudinal  striation,  and  is  pierced  here  and  there 
by  the  openings  of  vascular  canals.  The  iwderior  or  femoral  articular  surface  is 
divided  into  two  unequal  parts  (of  which  the  external  is  the  wider)  by  a  vertical 
elevation  which  glides  in  the  furrow  of  the  trochlear  surface  of  the  femur,  and  in 
extreme  flexion  passes  to  occupy  the  intercondylic  notch.  The  outer  of  the  two 
femoral  surfaces  is  slightly  concave  in  both  its  diameters ;  the  inner,  though 
slightly  concave  from  above  downwards,  is  usually  plane,  or  somewhat  convex  trans- 
versely. Occasionally,  in  the  macerated  bone,  indications  of  a  third  vertical  area 
are  to  be  noted  along  the  inner  edge  of  the  internal  aspect.  This  defines  the 
part  of  the  articular  surface  wliich  rests  on  the  border  of  the  internal  condyle  in 
extreme  flexion. 

Below  the  femoral  articular  axea  the  deep  surface  of  the  apex  is  rough  and 
irregular ;  the  greater  part  of  this  is  covered  by  synovial  membrane,  the  liga- 
mentum  ])atell£e  being  attached  to  its  summit  and  margins,  reaching  some  little 
distance  round  the  borders  on  to  the  anterior  aspect  of  this  part  of  the  bone. 

Architecture. — Tlie  bom^  consist.s  of  a  tliick  dense  layer  einteriorly,  which  tliins  towards  the 
edges  on  either  side  and  below  ;  above,  it  corresponds  to  the  area  of  insertion  of  the  (jiiadrieeps. 
The  femoral  articular  surface  is  composed  of  a  layer  of  coiinmct  bone,  thickest  in  correspondence 
with  the  vertical  elevation.  Sandwiched  between  these  two  layers  is  a  varying  thickness  of 
spongy  tissue  of  fairly  close  grain,  the  striation  of  which  on  cross  section  runs  in  parallel  lines 
from  l)ack  to  front ;  on  vertical  section  the  tissue  appears  to  be  arranged  in  lines  jiassing  radially 
from  the  deep  surface  of  the  femoral  area  to  the  more  extensive  anterior  dense  plate. 

Variations. — Cases  of  congenital  absence  of  the  patella  have  been  recorded. 

Ossification. — The  patella  is  laid  down  in  cartilage  about  the  third  mouth  of  foetal 
life.  At  birth  it  is  cartilaginous,  and  the  tendon  of  the  quadriceps  is  continuous  with 
the  ligameutum  patellae  over  its  anterior  surface,  and  can  easily  be  dissected  off. 
About  the  third  year  an  ossific  centre  appears  in  it  and  spreads  more  particularly  over 
its  deeper  surface.    Ossification  is  usually  completed  by  the  age  of  puberty. 


The  Tibia. 


Sui'liice  for  attachment  of  aiilerior 
extremity  of  internal  semilunar  cartila^'p 

Anterior  crucia*l  ligament , 


Spine 


TrBERCLE 


The  tibia  is  the  inner  bone  of  the  leg.  It  is  much  stouter  and  stronger  than  its 
neighl)our  the  fibula,  with  which  it  is  united  above  and  below.  By  its  superior 
expanded  extremity  it  supports  the  condyles  of  the  femur,  while  inferiorly  it  shares 
in  the  formation  of  the  ankle-joint,  articulating  with  the  upper  surface  and  inner 
side  of  the  astragalus. 

The  superior  extremity  comprises  the  inner  and  outer  tuberosities,  the  spine, 
and  the  tubercle.  Each  tuberosity  is  provided  on  its  upper  aspect  with  an  articular 
surface  (facies  articularis  superior),  which  supports  the  corresponding  femoral 
condyle,  as  well  as  the  interposed  semilunar  cartilage.    Of  these  two  condylic 

surfaces,-  the  inner  is 
the  larger ;  of  oval 
shape,  its  long  axis 
is  placed  an tero- pos- 
teriorly. Slightly 
concave  from  before 
backwards  and  from 
side  to  side,  its  cir- 
cumference rises  in 
the  form  of  a  sharp 
and  well-defined  edge. 
The  outer  condylic 
surface  is  siualler  and 
rounder.  Slightly 
concave  from  side  to 
side,  and  gently  con- 
vex from  l)efore  backwards,  its  circumference  is  well  defined  in  front,  but  is 
rounded  off  l)ehiud,  thus  markedly  increasing  the  convexity  of  its  posterior  part. 


Internal 

■J'lTBEROSlTV 


Synovial  curvei 

.SURFACE 

Surface  for  attach,  of  jjost.  extrem. 
of  internal  semilunar  cartilage 


Popliteal 

NOTCH 

I'ost.  crucial  ligament 


.Surf,  for  attachment 
^of  ant.  extremity  of 
"xternal  semilunar  cart. 


External 
tubekosity 


face  for  attach,  of 
post,  extremity  of 
external  semilunar 
cartilage 


Fic.  167. — Upprr  Surfack  of  Superior  Extremitv  of  Rioht  Tibia. 
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Between  the  two  condylic  surfaces  the  bone  is  raised  in  tlie  centre  to  form  the 
spine  (eniiuentia  intercondyloidea),  the  summit  of  which  is  grooved  and  capped  on 
either  side  by  tubercles  which  spring 
from  and  are  formed  by  the  upward 
extension  of  the  neighbouring  con- 
dylic areas.  Of  these  tubercles  the 
i7iner  (tuberculum  intercoudyloid- 
eum  mediale)  is  the  higher,  and 
longer  in  an  antero-posterior  direc- 
tion, the  outer  (tuberculum  inter- 
condyloideum  laterale)  being  more 
pointed  and  not  so  elevated.  In 
front  and  behind  the  spine  the 
articular  areas  are  separated  by  two 
irregular  V-shaped  surfaces,  the 
intercondylic  fossse.  The  anterior 
fossa  (fossa  intercondyloidea  an- 
terior), the  larger  and  wider,  fur- 
nishes areas  for  the  attachment  of 
the  semilunar  cartilages  on  either 
side,  and  for  the  anterior  crucial 
ligament  immediately  in  front  of 
the  spine.  The  floor  of  this  space 
is  pierced  by  many  nutrient  fora- 
mina. The  posterior  intercondylic 
fossa  (fossa  intercondyloidea  pos- 
terior) is  concave  from  side  to  side, 
and  slopes  downwards  and  back- 
wards. The  external  semilunar 
cartilage  is  attached  near  its  apex 
to  a  surface  which  rises  oil  to  the 
back  of  the  spine ;  the  internal 
semilunar  cartilage  is  lixed  to  a 
groove  which  runs  along  its  inner 
edge,  and  the  posterior  crucial  liga- 
ment derives  an  attachment  from 
the  smooth  posterior  rounded  surface. 

The  external  tuberosity  (con4ylus 
lateralis)  is  the  smaller  of  the  two. 
It  overhangs  the  shaft  to  a  greater 
extent  than  the  external,  though 
this  is  obscured  in  the  living  by  its 
articulation  with  the  fibula.  The 
facet  for  the  fibula,  often  small  and 
indistinct,  is  placed  postero-exter- 
nally  on  the  under  surface  of  its 
most  projecting  part.  Antero-exter- 
nally  the  imprint  caused  by  the 
attachment  of  the  ilio-tibial  band  is 
often  quite  distinct.  The  circum- 
ference of  the  internal  tuberosity 
(condylus  medialis)  is  grooved  pos- 
tero-internally  for  the  insertion  of 
the  tendon  of  the  semimem- 
branosus. 

In  front  of  the  tuberosities,  and 
about  an  inch  below  the  level  of 
the  condylic  surfaces,  there  is  an 
or  the  anterior  tuberosity  (tuberositas  tibipe) 
15 
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malleolus 


Internal 
malleolus 


Pio.  168.— Right  Tibia  and  Fibula  as  seen  from 
THE  Front. 

oval  elevation  called  the  tubercle  of  the  tibia. 
The  upper  half  of  this  is  smooth 


22G 


OSTEOLOGY. 


and  covered  by  a  bursa,  while  the  lower  part  i.s  rough  and  serves  for  the  attach- 
ment of  the  ligamentum  patella?. 

Considered  in  its  entirety,  the  upper  extremity  of  the  tibia  is  broader  trans- 
versely than  antero-posteriorly,  and  is  inclined  backwards  so  as  to  overhang  the 
shaft  posteriorly. 

The  shaft  (corpus  tibite)  is  irregularly  three-sided.  It  is  narrowest  about  the 
junction  of  its  middle  and  lower  thirds,  and  expands  above  and  below  to  support 
the  extremities.  Eunning  down  the  front  of  the  bone,  there  is  a  gently-curved 
prominent  margin  confluent  above  with  the  tubercle,  but  fading  away  inferiorly  on 
the  anterior  surface  of  the  lower  third  of  the  bone,  where  it  may  be  traced  in  the 
direction  of  the  anterior  border  of  the  internal  malleolus.  This  is  the  crest  or  shin 
(crista  anterior),  which  is  subcutaneous  throughout  its  entire  length.  To  the 
inner  side  of  this  is  a  smooth,  slightly  convex  surface,  which  reaches  as  high  as  the 
internal  tuberosity  above,  and  inferiorly  becomes  continuous  with  the  inner  surface 
of  the  internal  malleolus.  This  is  the  internal  or  subcutaneous  surface  (facies 
medialis)  of  the  shaft,  which  is  covered  only  by  skin  and  superficial  fascia,  except 
in  its  upper  fourth,  where  the  tendons  of  the  sartorius,  gracilis,  and  semitendinosus 
muscles  overlie  it,  as  they  pass  towards  their  insertions.  This  surface  is  limited 
posteriorly  by  the  internal  border  (margo  medialis)  which  passes  from  the  inner  and 
under  surface  of  the  internal  tuberosity  above  to  the  hinder  border  of  the  internal 
malleolus  below.  This  border  is  rounded  and  indefinite  above  and  below,  being 
usually  best  marked  about  its  middle  third.  To  the  outer  side  of  the  tibial  crest  is  the 
external  surface  of  the  bone  (facies  lateralis) ;  it  is  limited  behind  by  a  straight  vertical 
ridge,  the  crista  interossea,  to  which  the  interosseous  membrane,  which  occupies  the 
interval  between  the  tibia  and  the  fibula,  is  attached.  This  ridge  commences  above, 
near  the  middle  of  the  outer  and  under  surface  of  the  external  tuberosity,  and 
terminates  below  about  two  inches  above  the  lower  extremity  by  dividing  into  two 
lines,  which  separate  and  enclose  between  them  the  surface  for  articulation  with 
the  lower  end  of  the  fibula,  and  the  area  of  attachment  of  the  inferior  interosseous 
ligament,  which  here  unites  the  two  bones.  In  its  upper  two-thirds  the  external 
surface  provides  an  extensive  origin  for  the  tibialis  anticus.  Inferiorly,  where  the 
tibial  crest  is  no  longer  well  defined,  the  external  surface  turns  forward  on  to  the 
front  of  the  shaft,  and  is  limited  inferiorly  by  the  anterior  margin  of  the  inferior 
articular  surface.  Over  this  the  tendon  ^of  the  tibialis  anticus,  and  the  combined 
fleshy  and  tendinous  parts  of  the  extensor  proprius  hallucis  and  extensor  com- 
munis digitorum  muscles  pass  obliquely  downwards.  The  posterior  surface  (facies 
posterior)  of  the  shaft  lies  between  the  interosseous  ridge  externally  and  the  in- 
ternal border  on  the  inner  side.  Its  contours  are  liable  to  considerable  variation 
according  to  the  degree  of  lateral  compression  of  the  bone.  It  is  usually  full  and 
rounded  above,  and  flat  below.  Superiorly  it  is  crossed  by  the  oblique  or  popliteal 
line  (linea  poplitea),  which  runs  downwards  and  inwards,  from  the  fibular  facet 
above,  to  the  internal  border  on  a  level  with  the  junction  of  the  middle  with  the 
upper  third  of  the  shaft.  To  this  line,  as  well  as  to  the  internal  border  for  some 
distance  below  it,  the  soleus  muscle  is  attaclied.  Into  the  bulk  of  the  triangular 
area  above  it  the  popliteus  muscle  is  inserted.  Arising  from  the  middle  of  the 
popliteal  line  there  is  a  vertical  ridge,  which  passes  downwards  and  divides  the 
posterior  aspect  of  the  shaft  into  two  surfaces — an  external  for  the  tibial  origin  of 
the  tibialis  posticus  muscle,  and  an  internal  for  the  flexor  longus  digitorum  muscle. 
The  inferior  third  of  this  surface  of  the  shaft  is  i'ree  from  muscular  attachments, 
but  is  overlain  by  the  tendons  of  the  above  muscles,  togetlier  with  that  of  the  flexor 
longus  hallucis.  A  large  nutrient  canal,  having  a  downward  direction,  opens  on  the 
posterior  surface  of  the  shaft  a  little  below  the  popliteal  line  and  just  external  to 
the  vertical  ridge  which  springs  from  it. 

The  inferior  extremity  of  the  tibia  displays  an  expanded  quadi'angular  form. 
It  is  furnished  with  a  saddle-shaped  articular  surface  on  its  under  surface  (facies 
articularis  inferior),  which  is  concave  from  before  backwards  and  slightly  convex 
from  side  to  side.  This  rests  upon  the  superior  articular  surface  of  the  body  of  the 
astragalus,  and  is  bounded  in  front  and  behind  by  well-defined  borders.  The 
anterior  border  is  the  rounder  and  thicker,  and  is  oftentimes  channelled  by  a  groove 
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for  the  attachmeut  of  the  anterior  hgament  of  the  joint ;  further,  it  ia  occasionally 
provided  with  a  pressure  facet  caused  by  the  locking  of  the  bone  against  the  neck 
of  the  astragalus  in  extreme  flexion.  Externally  the  edge  of  the  articular  area 
corresponds  to  the  base  of  the  triangle  formed  by  the  splitting  of  the  interosseous 
ridge  into  two  parts.  Where  these  two  lines  join  it,  both  in  front  and  behind,  the 
bone  is  elevated  into  the  form  of  tubercles,  in  the  hollow  between  which  (incisura 
tibularis)  the  lower  end  of  the  fibula  is  lodged,  being  held  in  position  by  powerful 
ligaments.  The  cartilage-covered  surface  occasionally  extends  for  some  little 
distance  above  the  base  of  the  triangle.  Internally  there  is  a  down-projecting 
process,  called  the  internal  malleolus  (malleolus  medialis),  the  inner  aspect  of  which 
is  subcutaneous  and  forms  the  projection  of  the  inner  ankle.  Its  external  surface 
is  furnished  with  a  pyriform  facet  (facies  articularis  malleolaris),  confluent  above 
with  the  cartilage  -  covered  area  on  the  inferior  extremity  of  the  shaft;  this 
articulates  with  a  corresponding  area  on  the  inner  surface  of  the  body  of  the 
astragalus.  Interiorly  the  malleolus  is  pointed  in  front,  but  notched  behind  for 
the  attachment  of  the  internal  lateral  ligament  of  the  ankle.  Running  obliquely 
along  the  posterior  surface  of  the  malleolus  there  is  a  broad  groove  (sulcus 
malleolaris)  in  which  the  tendons  of  the  tibialis  posticus  and  flexor  *  longus 
digitorum  muscles  are  lodged ;  whilst  a  little  to  the  fibular  side  of  this,  and 
running  downwards  over  the  posterior  surface  of  the  lower  extremity  of  the  bone, 
there  is  another  groove,  often  faintly  marked,  for  the  lodgment  of  the  tendon  of 
the  flexor  longus  hallucis  muscle.  The  proportionate  length  of  the  til)ia  to  the 
body  height  is  as  1  is  to  4'32-4-80. 

Arterial  Foramina. — Nutrient  canals  are  seen  piercing  the  upper  extremity  of  the  bone 
around  its  circumference  and  above  tlie  tubercle.  The  floors  of  the  intercondylic  fossse  are  also 
similarly  pierced,  and  there  is  usually  a  canal  of  large  size  opening  on  the  summit  of  the  spine. 
Two  or  three  foramina  of  fair  size  are  seen  riinning  upwards  into  the  substance  of  the  bone  a  little 
below  and  to  the  inner  side  of  the  tubercle,  while  the  principal  vessel  for  the  shaft  j^asses  down- 
wards into  the  bone  on  its  posterior  surface,  about  the  level  of  the  junction  of  the  upper  and 
middle  thirds.  The  inner  surface  of  the  internal  malleolus,  as  well  as  the  aiiterior  and  posterior 
borders  of  the  inferior  extremity,  are  likewise  pitted  by  the  orifices  of  small  vascular  channels. 

Connexions. — Superiorly  the  tibia  supports  the  condyles  of  the  femur,  and  is  connected  in 
front  with  the  patella  by  means  of  the  patellar  ligament.  Articulating  externally  with  the 
fibula  above  and  below,  it  is  united  to  that  Ijone  throughout  nearly  its  entire  length  by  the  inter- 
osseous membrane.  The  crest  and  internal  surface  can  be  readily  examined,  as  they  are  sub- 
cutaneous, except  above  where  the  internal  surface  is  overlain  by  the  thin  tendinous  aponeurosis 
of  the  muscles  passing  over  the  inner  side  of  the  knee.  The  form  of  the  lower  part  of  the  knee  in 
front  is  determined  by  the  tuberosities  on  either  side  crossed  mesially  by  the  ligamentum  patellas. 
Interiorly  the  internal  malleolus  forms  the  projection  of  the  inner  ankle,  which  is  wider,  not  so 
low,  less  pointed,  and  placed  in  advance  of  the  j^rojection  of  the  outer  ankle.  The  front  and 
back  of  the  lower  end  of  the  bone*are  crossed  by  tendons,  which  mask  to  a  certain  extent  its 
form. 

Architecture. — The  shaft  of  the  bone  is  remarkable  for  the  thickness  and  density  of  the 
osseous  tissue  which  underlies  the  crest.  The  posterior  wall  is  stout,  but  the  internal  and 
external  walls  are  thinner.  The  several  walls  are  thickest  opposite  the  middle  of  the  shaft,  and 
thin  out  aljove  and  below  where  the  shaft  unites  with  the  epiphyses.  The  medullary  canal, 
narrow  and  circular  in  the  middle  of  the  bone,  increases  in  all  its  diameters  above  and  below, 
and  reaches  to  within  2^  to  3  inches  of  either  extremity.  Superiorly  the  arrangement  of 
the  lamellte  of  the  spongy  tissue  resembles  a  series  of  arches  springing  from  the  dense  outer  walls. 
These  form  a  platform  on  which  the  superior  epiphysis  rests,  the  spongy  tissue  of  which  displays 
a  more  or  less  vertical  striation.  This  is  much  more  compact  under  the  condylic  surfaces,  the 
superficial  aspect  of  which  is  formed  by  a  thin  layer  of  dense  bone.  The  spine  and  tubercle  are 
also  formed  of  compact  tissue,  whilst  the  circumference  of  tlie  tuberosities  is  covered  by  a 
thinner  and  less  dense  wall.  In  the  lower  end  of  the  shaft  the  spongy  tissue,  of  a  loose  and 
cellular  character,  is  arranged  in  vertical  fibres,  blending  inferiorly  with  the  closer  tissue  of  the 
inferior  epiphysis,  the  articular  surface  of  which  is  covered  by  a  thin  but  dense  layer. 

In  the  adult  bone  the  nutrient  canal  for  the  shaft  is  embedded  in  the  dense  posterior  wall  for 
;  the  space  of  two  inches. 

Variations. — The  tibia  is  often  unduly  laterally  compressed,  leading  to  an  increase  in  its 
antero-posterior  diameter  as  compared  with  its  transverse  width.  This  condition  is  more 
commonly  met  with  in  the  bones  of  prehistoric  and  savage  races  than  in  modern  Europeans. 
Attention  was  first  directed  to  this  particular  form  by  Busk,  who  named  the  condition 
platycnemia.  The  general  appearance  of  such  tibias  resembles  that  seen  in  the  apes,  and 
depends  on  an  exceptional  development  of  the  tibialis  posticus  muscle,  though,  as  Manouvrier 
has  pointed  out,  in  apes  this  is  associated  Avith  the  direct  action  of  the  muscle  on  the  foot,  as  in 
climbing,  whereas  in  man,  as  a  consequence  of  the  bipedal  mode  of  progression,  tlie  muscle  is 
employed  in  an  inverse  sense,  viz.  by  steadying  the  tibia  on  the  foot,  and  thus  providing  a  fixed 
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Ijase  on  wliicli  the  ft'iiiur  can  luovu.  Such  platycnemic  tibite  are  occasionally  met  with  in  the 
more  highly  civilised  races,  and  are,  according  to  Manoiivrier,  associated  with  habits  of  great 
activity  among  the  inhabitants  of  rough  and  mountainous  districts. 

Another  interesting  condition  is  one  in  which  the  upjjer  extremity  is  more  strongly  recurved 
than  is  usual.  This  retroversion  of  the  head  of  the  tibia  was  at  one  time  supposed  to  represent 
an  intermediate  condition  in  whicli  tlie  knee  could  not  Ijc  fully  extended  so  as  to  bi'ing  the  axis 
of  the  leg  in  line  with  the  thigh  ;  but  such  opinion  has  now  been  upset  l)y  the  researches  of 
iManouvrier,  who  claims  that  it  is  tlie  outcome  of  a  habit  not  uncommon  amongst  peasants  and 
countrymen,  viz.  that  of  walking  habitually  with  the  knees  slightly  Ijeut. 

Hal)itual  jiosture  also  leaves  its  impress  on  the  form  of  the  tibia,  and  in  races  in  which  the 
use  of  the  cliair  is  unknown,  the  extreme  degree  of  flexion  of  the  knee  and  ankle  necessitated  by  the 
adoption  of  the  squatting  position  as  an  attitude  of  haljitual  rest  is  associated  with  an  increase  in 
the  convexity  of  the  external  condylic  surface,  and  the  aj^pearance,  not  infrequently,  of  a  pressure 
facet  on  the  anterior  lioi-der  of  the  lower  extremity,  which  rests  in  that  jiosition  on  the  neck 

of  tlie  astragalus.  Cases  of  congenital 
absence  of  the  tiljia  have  been  fre- 
quently described,  amongst  the  most 
recent  being  those  recorded  by  Glutton, 
•roachimstlial.  Bland  Sutton,  and  Waitz. 

Ossification. — The  shaft  begins 
to  ossify  early  in  the  second  month 
of  intra-uterine  life.  At  birth  it  is 
well  formed,  and  capped  above  and 
below  by  pieces  of  cartilage,  in  the 
upper  of  which  the  centre  for  the 
superior  epipliysi^  has  already  usually 
made  its  appearance.  From  this 
the  tuberosities  and  tubercle  are 
developed,  though  sometimes  an 
independent  centre  for  the  latter 
appears  about  the  eleventh  or  twelfth 
years,  rapidly  joining  with  the  already 
well  -  developed  mass  of  the  rest  of 
tlie  epiphysis.  Complete  fusion  be- 
tween the  superior  epiphysis  and  the 
shaft  does  not  take  place  until  the 
twentieth  or  the  twenty-fourth  year. 
The  centre  for  the  lower  articular 
surface  and  the  internal  malleolus  makes  its  appearance  about  the  end  of  the  second 
year,  and  union  with  the  shaft  is  usually  complete  by  the  age  of  eighteen.  Lambertz 
notes  the  occasional  presence  of  an  accessory  nucleus  in  the  malleolus. 
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Fi(!.  169. — Ossification  of  thk  Tibia. 


The  Fibula. 

The  fibula,  or  peroneal  bone,  is  a  slender  bone  with  two  enlarged  ends.  It  lies 
to  the  outer  side  of  the  tibia,  with  which  it  is  firmly  united  by  ligaments,  and  nearly 
equals  that  bone  in  length. 

The  first  difficulty  which  the  student  has  to  overcome  is  to  determine  which  is  the  upper  and 
which  the  lower  extremity  of  the  bone.  This  can  easily  be  done  by  recognising  the  fact  tliat 
there  is  a  deep  pit  on  the  inner  aspect  of  the  lower  extremity  immediately  behind  the  triangular 
articular  surface.  Holding  the  bone  vertically  Avith  the  lower  extremity  downwards  and  so 
turned  that  the  triangular  articular  area  lies  in  front  of  the  notch  already  spoken  of,  the 
subcutaneous  non-articular  asj)ect  of  the  inferior  extremity  will  jioint  to  the  side  to  which  the 
bone  belongs. 

The  superior  extremity  or  head  of  the  fibula  (capitulum  fibulte),  of  irregular 
rounded  form,  is  bevelled  on  its  inner  surface  so  as  to  adapt  it  to  the  form  of  the 
under  surface  of  the  external  tuberosity  of  the  tibia.  At  the  border,  where  this 
surface  becomes  confluent  with  the  outer  aspect  of  the  head,  there  is  a  pointed 
upstanding  eminence  called  the  styloid  process  (apex  capittth  fibular) ;  to  this  tlie 
short  external  lateral  ligament  is  attached,  as  well  as  a  piece  of  the  tendon  of  the 
biceps,  which  is  inserted  into  its  fore-part.  Immediately  to  the  inner  side  of  this, 
and  occupying  the  summit  of  the  internal  sloping  surface,  there  is  an  articular  area 
(facies  articularis  capituli),  of  variable  size  and  more  or  less  triangular  shape.  This 
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serves  for  articulation  with  the  external  tuberosity  of  the  tibia, 
lateral  ligament,  together  with  the 
remainder  of  the  tendon  of  the 
biceps  muscle  which  surrounds  it, 
is  attached  to  the  outer  and  upper 
side  of  the  head  in  front  of  the 
styloid  process.  In  front  and  behind 
the  head  there  are  usually  prominent 
tubercles.  The  anterior  of  these 
is  associated  with  the  origin  of  the 
peroneus  longus  muscle ;  the  pos- 
terior, whilst  furnishing  an  origin 
for  the  upper  fibres  of  the  soleus, 
serves  to  deepen  the  groove,  behind 
the  superior  tibio-fibular  articula- 
tion, in  which  the  tendon  and  fleshy 
part  of  the  popliteus  muscle  play. 
The  constricted  portion  of  the  shaft 
below  the  head  is  often  referred  to  as 
the  neck;  around  the  outer  side  of  this 
the  external  popliteal  nerve  winds. 

The  shaft  of  the  fibula  (corpus 
fibulae)  presents  many  varieties 
of  shape  and  form,  being  ridged 
and  channelled  in  such  a  way  as 
greatly  to  increase  the  difficulties 
of  the  student  in  recognising  the 
various  surfaces  described.  The 
most  important  point  is  first  to 
determine  the  position  of  the  in- 
terosseous ridge.  Holding  the  bone 
in  the  position  which  it  normally 
occupies  in  the  leg,  it  will  be 
noticed  that  the  external  surface 
of  the  lower  extremity  is  limited 
in  front  and  behind  by  two  lines, 
which,  converging  above,  enclose 
between  them  a  triangular  » sub- 
cutaneous area  which  lies  im- 
mediately above  the  outer  ankle. 
From  the  summit  of  the  triangle 
so  formed  a  well-defined  ridge  may 
be  traced  up  the  front  of  the  shaft 
to  reach  the  anterior  aspect  of  the 
head.  This  is  the  anterior  harder, 
and  must  not  be  mistaken  for  the 
interosseous  ridge,  which  is  now 
easy  to  find,  for  the  next  ridge 
which  lies  immediately  internal  to 
the  anterior  border,  or  towards  the 
tibial  side  on  the  anterior  aspect  of 
the  bone,  is  the  line  to  which  the 
interosseous  membrane  is  attached. 
As  a  rule  these  two  lines  are 
separated  by  a  considerable  interval 
in  the  lower  half  of  the  bone,  but 
tend  to  run  much  closer  together 
above ;  indeed  it  is  not  uncommon  to  find  that  they  coalesce  to  form  a  single  crest. 
Let  it  therefore  be  clear  that  the  interosseous  line  is  that  which  lies  iinmediately 
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triangular  surface,  notwithstanding  the  differences  in 
width  of  the  surface  which  separates  the  lines,  or  their 
occasional  coalescence  above. 

The  position  of  the  interosseous  ridge  enables  us  at 
once  to  separate  the  flexor  aspect  of  the  bone  from  its 
extensor  surface,  using  these  terms  in  relation  to  the 
movements  of  the  ankle. 

The  use  of  these  terms  is  not,  strictly  speaking,  correct,  and  they 
are  liere  used  in  a  physiological  and  not  in  a  morphological  sense. 
The  anterior  surface  of  the  leg  is  the  true  extensor  surface  and 
is  comparable  with  the  posterior  surface  of  the  forearm,  the  change 
in  position  having  heen  brought  about  developmentally  liy  differ- 
ence in  tlie  rotation  of  the  limbs.  Flexion  of  the  ankle,  so  called, 
is  in  reality  an  extensor  movement,  and  corresponds  to  extension  at 
the  wrist ;  see  Humphry,  Journ.  Anat.  and  Physiol.,  vol.  xxviii.  p.  15. 

In  addition,  there  is  the  peroneal  surface,  which  cor- 
responds to  the  outer  side  of  the  shaft.  Starting  then  at 
the  interosseous  ridge,  and  passing  forwards  round  the 
outer  side  of  the  shaft,  the  flexor  surface  is  the  first  met 
with  ;  this  is  bounded  externally  by  the  anterior  border, 
and,  as  has  been  said,  may  be  either  of  considerable  width 
or  almost  linear.  From  this  arises  the  extensor  com- 
munis digitorum,  together  with  the  peroneus  tertius  and 
the  extensor  proprius  hallucis  muscles,  which,  though 
extensors  of  the  toes,  are  also  flexors  of  the  ankle. 

The  anterior  border  serves  for  the  attachment  of  the 
intermuscular  septum,  which  separates  the  foregoing- 
group  of  muscles  from  that  which  lies  along  the  outer  side 
of  the  shaft,  viz.  the  peroneus  longus  and  brevis  muscles. 
The  surface  from  which  these  arise  is  limited  behind  by 
the  posterior  border,  which  is  usually  sharp  and  well 
defined  below,  where  it  is  continuous  with  the  bone  im- 
mediately above  the  pit  on  the  inner  surface  of  the  lower 
extremity,  whilst  it  tends  to  })e  less  distinct  and  more 
rounded  above  where  it  runs  into  the  base  of  the  styloid 
process.  In  its  upper  third  or  fourth  this  border  is  often 
rough  and  tubercular  where  it  serves  for  the  origin  of 
the  soleus.  The  outer  or  peroneal  surface  is  somewhat 
twisted,  being  directed  rather  forwards  above,  but  tend- 
ing to  turn  backwards  below  where  it  becomes  continuous 
with  the  groove  which  courses  along  the  back  of  the 
external  malleolus  and  which  lodges  the  tendons  of  the 
peroneus  longus  and  brevis  muscles.  The  remainder  of 
the  shaft,  included  between  the  posterior  border  behind 
and  the  interosseous  ridge  in  front  and  internally,  is  the 
extensor  surface,  for  here  arise  the  several  muscles  whose 
action  in  part  is  to  extend  the  ankle.  This  surface  is 
cut  up  by  a  curved  ridge  often  the  most  prominent  and 
outstanding  on  the  bone,  and  hence  frequently  mistaken 
I)y  the  student  for  the  interosseous  ridge;  it  serves  to 
define  the  area  for  the  origin  of  the  tibialis  posticus,  and 
arises  below  from  the  posterior  liorder  of  the  interosseous 
ridge  at  the  junction  of  the  middle  and  inferior  thirds 
of  the  shaft,  curves  a  little  backwards,  and  passing 
upwards  and  obliquely  forwards  again  joins  the  inter- 
osseous ridge  once  more  in  the  region  of  the  neck.  This 
internal  border  (crista  medialis) ;  and  the  surface  so 
1  surface,     The  ridge  itself  serves  for  the  attachment 
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of  the  aponeurosis  which  covers  the  tibialis  posticiis  muscle.  The  remainder  of 
the  extensor  aspect  of  the  shaft,  which,  above,  is  directed  backwards,  is  so  twisted 
'that  inferior ly  it  is  directed  inwards.  From  this,  in  its  upper  part,  the  soleus 
muscle  arises ;  whilst  lower  down,  the  flexor  longus  hallucis  mus^e  derives  an 
extensive  origin.  Both  of  these  muscles,  together  with  the  tibialis  posticus,  act  as 
extensors  of  the  ankle.  On  this  aspect  of  the  bone,  at  or  near  the  middle  of  the 
shaft,  and  just  behind  the  prominent  tibial  ridge,  is  the  opening  of  the  nutrient 
canal,  which  has  a  downward  direction. 

The  inferior  extremity  of  the  fibula,  or  external  malleolus  (malleolus  lateralis), 
is  of  pyramidal  form.  Its  inner  surface  is  furnished  with  a  triangular  articular 
area  (facies  articularis  melleoli),  plane  from  before  backwards,  and  slightly  convex 
from  above  downwards,  which  articulates  with  a  corresponding  surface  on  the  outer 
side  of  the  body  of  the  astragalus.  Behind  this  there  is  a  deep  pit,  to  which  the 
posterior  fasciculus  of  the  external  lateral  ligament  is  attached.  Above  the 
articular  facet  there  is  a  rough  triangular  area  on  the  extensor  surface  of  the  shaft, 
from  the  summit  of  which  the  interosseous  ridge  arises ;  hereto  are  attached  the 
strong  fibres  of  the  inferior  interosseous  ligament  which  bind  together  the  opposed 
surfaces  of  the  tibia  and  fibula.  The  external  surface  of  the  inferior  extremity 
forms  the  elevation  of  the  external  malleolus  which  determines  the  shape  of  the 
projection  of  the  outer  ankle.  Bounded  from  side  to  side  and  from  above  down- 
wards, it  terminates  below  in  a  pointed  process,  which  reaches  a  lower  level  than 
the  corresponding  process  of  the  tibia,  from  which  it  also  differs  in  being  narrower 
and  more  pointed  and  being  placed  in  a  plane  nearer  the  heel.  Superiorly,  this 
surface,  which  is  subcutaneous,  is  continuous  with  the  triangular  subcutaneous  area 
so  clearly  defined  by  the  convergence  above  of  the  lines  which  unite  to  form  the 
anterior  border.  The  anterior  border  and  tip  of  the  external  malleolus  furnish 
attachments  to  the  anterior  and  middle  bands  of  the  external  lateral  ligament  of 
the  ankle.  The  posterior  surface  of  the  external  malleolus,  broad  above,  where 
it  is  confiuent  with  the  peroneal  or  external  surface,  is  reduced  in  width  below 
l)y  the  presence  of  the  pit  which  lies  to  its  inner  side.  This  aspect  of  the 
bone  is  grooved  (sulcus  malleolaris)  by  the  tendons  of  the  peroneus  longus  and 
Ijrevis  muscles,  which  curve  round  the  posterior  and  lower-pointed  aspect  of  the 
malleolus.  'J'he  proportionate  length  of  the  fibula  to  the  body  height  is  as  1  is  to 
4-37-4'82. 

Arterial  Foramina. — Numerous  laiimte  vascular  canals  are  seen  piercing  tlie  outer  surlace  of 
the  head,  and  one  or  two  of  larger  size  are  seen  on  tlie  inner  surface  immediately  in  front  of  the 
superior  articular  facet.  The  canal  for  the  nutrient  artery  of  the  shaft,  which  has  a  downward 
direction,  is  situated  on  the  back  of  ^he  bone  about  its  middle.  The  outer  surface  of  the  external 
malleolus  displays  the  openings  of  many  small  canals,  and  one  or  two  larger  openings  are  to  be 
noted  at  the  bottom  of  the  pit  behind  the  inferior  articular  surface. 

Connexions. — The  head  and  external  malleolus,  and  j^art  of  the  shaft  immediately  above  the 
latter,  are  subcutaneous.  The  remainder  of  the  sliaft'is  covered  on  all  sides  by  the  muscles  whicli 
surround  it.  Superiorly  tlie  bone  plays  no  part  in  the  formation  of  the  knee-joint,  but  inferiorly 
assists  materially  in  strengthening  the  ankle-joint  by  its  union  with  the  tibia  and  its  articulation 
with  the  astragalus.  In  position  the  bone  is  not  parallel  to  the  axis  of  the  tibia,  but  oblique  to 
it,  its  upper  extremity  lying  posterior  and  external  to  a  vertical  line  passing  through  the  external 
malleolus. 

Architecture. — A  medullary  canal  runs  throughout  the  length  of  the  shaft,  reaching  as  high 
as  the  neck  above,  and  extending  as  low  as  a  point  about  2^  inches  above  the  inferior  extremity 
of  the  external  malleolus.  The  outer  wall  of  the  shaft  is  usually  considerably  thicker  than  the 
inner.  The  head  is  formed  of  loose  cellular  bone,  enclosed  witliin  a  very  thin  dense  envelope.  The 
spongy  tissue  of  the  lower  extremity  is  more  compact,  and  acquires  considerable  density  on  the 
surfaces  underlying  the  articular  area  and  the  pit  behind  it.  The  canal  for  the  nutrient  artery  of 
the  shaft  opens  into  the  medullary  cavity  about  an  inch  below  its  external  aperture. 

Ossification, — The  shaft  begins  to  ossify  about  the  middle  of  the  second  month  of 
foetal  life.  At  the  end  of  the  third  month  there  is  but  little  difference  in  size  between  it 
and  the  tibia,  and  at  birth  the  fibula  is  much  larger  in  proportion  to  the  size  of  the  tibia 
than  in  the  adult.  Its  extremities  are  cartilaginous,  the  lower  extremity  not  being  as  long 
as  the  internal  malleolar  cartilage  of  the  tibia.  It  is  in  this,  however,  that  an  ossific  centre 
first  appears  about  the  end  of  the  second  year,  which  increases  rapidly  in  size,  and  unites 
with  the  shaft  about  nineteen  years.    The  centre  for  the  superior  epiphysis  begins  to 
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ossify  about  the  third  or  fourth  year,  and  union  with  tlie  shaft  is  not  complete  until  a 

Fuses  with  shaft    period  somcvvhat  later  than  that  for  the  inferior 
^.out  20-24  years    epiphysis.    The  mode  of  ossification   of  the 
lower  extremity  is  an  exception  to  the  general  rule 
that  epiphyses  which  are  the  first  to  ossify  are  the  last 
to  unite  with  the  shaft. 

In  its  earlier  stages  of  development  it  has  been  stated, 
on  tlie  authority  of  Leboucq,  Gegenbauer,  and  others,  that 
the  fibula  as  well  as  the  tibia  is  in  contact  with  the  femur. 
This  is,  however,  denied  by  Grunbaum  ("  Proc.  Anat.  Soc," 
Journ.  Anat.  and  Physiol.,  vol.  xxvi.  p.  22),  who  states  that 
after  the  sixth  week  the  fibula  is  not  in  contact  with  the 
femur,  and  that  jjrior  to  that  date  it  is  impossible  to 
differentiate  the  tissue  which  is  to  form  femur  from  that 
which  forms  fibula. 

Variations. — The  fibula  may  be  ridged  and  grooved  in 
a  remarkable  manner,  as  is  the  case  in  many  bones  of  pre- 
historic race.s.  This  is  j^robably  associated  with  a  greater 
or  perhaps  more  active  develoimient  of  the  muscles  attached 
to  it. 

The  superior  articular  facet  varies  much  in  size.  Ben- 
nett (Dublin  Journ.  Med.  Sc.,  Aug.  1891)  records  a  case  in 
which  it  was  double,  and  also  notes  the  occurrence  of 
specimens  in  which  it  was  absent  and  in  which  the  head  of 
the  l)one  did  not  reach  as  high  as  the  tibial  tuberosity. 

Many  instances  of  partial  or  complete  absence  of  the 
bone  have  been  published.  (Lefebre,  P.,  Contribution  a 
VMude  de  V absence  congenitale  du  perone.    Lille.  1895.) 
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BONES  OF  THE  FOOT. 

The  bones  of  the  foot,  twenty-six  in  number,  are  arranged  in  three  groups :  the 
tars  il,  seven  in  number ;  the  metatarsal,  five  in  number ;  the  phalanges,  fourteen 
in  number. 

Comparing  the  foot  with  the  hand,  the  student  will  be  struck  with  the  great  pro- 
portionate size  of  the  tarsus  as  compared  with  the  carpus,  and  the  reduction  in  size 
of  the  bones  of  the  toes  as  compared  witli  the  fingers.  The  size  o"f  the  metatarsal 
segment  more  nearly  equals  that  of  the  metacarpus. 


The  Tarsus. 

The  tarsus  (ossa  tarsi)  consists  of  seven  bones — the  astragalus,  os  calcis,  navi- 
cular or  scaphoid,  three  cuneiforms,  and  the  cuboid.  Of.  irregular  form  and  varying 
size,  they  may  be  described  as  roughly  cubical,  presenting  for  examination  dorsal 
and  plantar  surfaces  as  well  as  anterior,  posterior,  internal,  and  external  aspects. 

The  AsTRAGAiiUS. 

The  astragalus  (talus)  is  the  bone  through  which  the  body  weight  is  trans- 
mitted from  the  leg  al)ove  to  the  foot  below.  Superiorly  the  tibia  rests  upon  it,, 
whilst  on  either  side  it  articulates  with  the  internal  and  external  malleolar  pi'ocesses 
of  the  tibia  and  fibula  respectively  ;  inferiorly  it  overlies  th^  os  calcis,  and  anteriorly 
it  articulates  with  the  navicular.  For  descriptive  purposes  the  bone  is  divisible  into 
two  parts — the  body  (corpus  tali)  blended  in  front  with  the  neck  (collum  tali), 
which  supports  the  head  (caput  tali). 

The  tcpper  s^irface  of  the  body  is  provided  with  a  saddle-shaped  articular  surface 
(troclilea  tali),  broader  in  front  tlian  behind,  for  articulation  with  the  under  surface 
of  the  tibia.  The  inner  edge  of  the  trochlea  is  straight ;  whilst  the  outer  border, 
which  is  sharp  in  front  and  more  rounded  behind,  is  curved  inwards  posteriorly, 
where  it  is  bevelled  to  form  a  narrow,  elongated,  triangular  facet,  which  is  in  contact 
with  the  transverse  or  inferior  tibio-fibular  ligament  during  flexion  of  the  ankle 
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Peroneus  brevis 


(Fawcett,  Ed.  Med.  Journ.,  1895).    Over  the  external  border  the  cartilage-covered 
surface  is  continuous  externally  with  an  extensive  area  of  the  form  of  a  quadrant. 
This  is  concave  from  above  downwards,  and  articulates  with  the  inner  surface  of  the 
fibular  malleolus.    Its  inferior  angle  is  prominent  and  somewhat  everted,  and  some- 
times referred  to  as  the 
external   process  (pro- 
cessus   lateralis  tali). 
The  inner  aspect  of  the 
body  has   a   comma - 
shaped  facet,  confluent 
with    the  superior 
articular  surface,  over 
the  inner  edge  of  the 
trochlea ;   this  articu- 
lates with   the  outer 
surface  of  the  tibial 
malleolus.    Inferior  to 
this  the  bone  is  rough 
and  pitted  by  numerous 
small    openings,  and 
just  below  the  tail  of 
the  comma  there  is  a 
circular  impression  for 
the  attachment  of  the 
deep  fibres  of  the  inter- 
nal  lateral  ligament. 
On  the  inferior  surface 
there  is  a  deep  concave 
facet,  called  the  pos- 
terior  calcaneal!  facet 
(facies  calcanea  articu- 
laris  posterior),  which 
is  of  more  or  less  oval 
or  oblong  form  and  is 
placed  obliquely  from 
behind   forwards  and 
outwards ;    this  rests 
upon  a  corresponding 
surface  on  the  upper 
aspect  of  the  os  calcis. 
In  front  of  this,  and 
crossing  the  bone  from 
within   outwards  and 
forwards,  is  a  deep  furrow 
(sulcus  tali),  the  floor  of 
which   is   pierced  by 
numerous  large  canals. 
It  serves  for  the  attach- 
ment of  the  strong  in- 
terosseous ligament 
which  unites  the  astra- 
galus with  the  OS  calcis, 
and  separates  the  facet 
already  described  from 
a  smaller  oval  articular  surface  having  a  slightly  convex  surface,  which  lies  im- 
mediately in  front  of  it.    This  is  called  the  middle  calcanean  facet  (facies  articu- 
laris  calcanea  media),  and  articulates  with  the  upper  surface  of  the  sustentaculum 
tab  of  the  os  calcis.    Posteriorly  the  body  is  provided  with  two  tubercles,  separated 
by  a  groove ;  the  external  of  these  (processus  posterior  tali)  is  usually  the  larger 
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and  is  oecasioually  a  separate  ossicle  (os  trigoriuiu).  To  it  is  attached  the 
posterior  fasciculus  of  the  external  lateral  ligament  of  the  ankle-joint.  The 
groove,  which  winds  obliquely  from  above  downwards  and  inwards  over  the  pos- 
terior surface  of  the  bone,  lodges  the  tendon  of  the  flexor  longus  hallucis  muscle. 

The  head  (caput 
tali),  of  oval  form, 
is  directed  forwards 
and  inwards.  Its 
anterior  surface  is 
convex  from  side  to 
side  and  from  above 
downwards,  and 
articulates  with  the 
navicular  bone 
(facies  articularis 
navicularis).  In- 
feriorly  this  surface 
is  confluent  with 
the  middle  calcan- 
ean  facet,  but  in 
well-marked  speci- 
mens, or  when  the 
bones  are  articu- 
lated, it  will  be  seen 
that "  a  small  area 
in  front  of,  and  ex- 
ternal to,  the 
middle  calcanean 
facet,  rests  upon  an 
articular  surface  on 
the  upper  part  of 
the  fore  portion  of 
the  OS  calcis,  and  is 
called  the  anterior 
calcanean  facet 
(facies  articularis 
calcanea  anterior). 
To  the  inner  and 
under  surface  of  the 
head  there  is  a 
cartilage  -  covered 
surface  which  does 
not  articulate  with 
any  bone,  but  rests 
on  the  upper  surface 
of  the  inferior  cal- 
caneo  -  navicular 
ligament,  and  is 
supported  on  the 
inner  side  by  the 
tendon  of  the  tibi- 
alis posticus  muscle 
(Fawcett,  Ed.  Med. 
Joiirn.  1895,  p.  987). 

The  neck  (collum  tali),  best  seen  above,  passes  from  the  front  of  the  body  and 
inclines  towards  the  inner  side.  It  is  confluent  with  the  inner  surface  in  front  of 
the  internal  malleolar  facet,  and  externally  forms  a  wide  groove,  which  becomes  con- 
tinuous inferiorly  with  the  outer  end  of  the  interosseous  groove. 
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Variations. — The  antci-ior  is  sometiuK'.s  f^ejiarated  from  the  middle  calcaneal!  facet  by  a  iioii- 
avticular  furrow.    The  posterior  external  tubercle,  often  largely  develojjed,  is  occasionally  (2'7 


Fig.  175. — The  Right  Astragalus. 


A,  Upper  Surface. 


B,  Under  Surface. 
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IS.  Groove    for    flexor  longus 

HALLUCIS. 


per  cent)  a  separate  ossicle  forming  what  is  known  as  the  os  trigoiuim  (Bardeleben) ;  or  it  may  be 
united  to  the  body  of  tjie  astragalus  by  a  distinct  synchondrosis.  A  smooth  articular  surface  may 
occasionally  be  found  on  the  outer  side  of  the  upper  surface  of  the  neck.    This  is  a  pressure  facet 


Fig.  176. 

A,  As  seen  from  tlie  Outer  Side. 


The  Ri(iHT  Astra<;alus. 


B,  As  seen  from  the  Inner  Side. 
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dejDendent  on  the  frequent  use  of  the  ankle-joint  in  a  condition  of  extreme  ilexioii,  and  is  caused 
hj  the  opposition  of  the  bone  against  the  anterior  edge  of  the  lower  end  of  the  tiViia, 
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The  OS  calcis  (calcaneus)  is  the  largest  of  the  tarsal  bones.  It  supports  the 
astragalus  above  and  articulates  with  the  cuboid  in  front.  Inferiorly  and  behind,  its 
posterior  extremity  or  tuberosity  forms  the  heel  on  which  so  large  a  proportion  of 
the  body  weight  rests.  The  long  axis  of  the  bone  inclines  forwards  and  a  little 
outwards. 

The  upper  surface  of  the  os  calcis  is  divisible  into  two  parts — a  posterior  non- 
articular  part  and  an  anterior  articular  portion.  The  length  of  the  former  varies 
according  to  the  projection  of  the  heel ;  rounded  from  side  to  side,  it  is  slightly  con- 
cave from  before  backwards.  In  front  of  this  there  is  a  convex  articular  area  of 
variable  shape  (facies  articularis  posterior),  sometimes  nearly  circular,  at  other  times 
oval  and  occasionally  almost  triangular.  This  is  directed  upwards  and  forwards, 
and  articulates  with  the  posterior  calcanean  facet  on  the  under  surface  of  the  astra- 
galus.   Anterior  to  this  facet  the  bone  is  deeply  excavated,  forming  a  fossa  from 


which  a  groove  (sulcus  calcanei)  leads  backwards  and  inwards  around  the  aiitero- 
internal  border  of  the  articular  surface.  When  the  os  calcis  is  placed  in  contact 
with  the  astragalus,  this  groove  coincides  with  the  sulcus  on  the  under  surface  of 
the  latter  bone  and  so  forms  a  canal  or  tunnel  (sinus  tarsi),  in  which  the  strong 
interosseous  ligament  which  unites  the  two  bones  is  lodged.  To  the  front  and  inner 
side  of  this  groove,  there  is  an  elongated  articular  facet  directed  obliqu^ely  from 
behind  forwards  and  outwards,  and  concave  in  the  direction  of  its  long  axis.  This 
is  frequently  divided  into  two  smaller  oval  areas  by  an  intermediate  non-articular 
surface.  Of  these  facets  the  hinder  (facies  articularis  media)  articulates  with  the 
middle  calcanean  facet  on  the  under  surface  of  the  astragalus,  whilst  the  anterior 
(facies  articularis  anterior)  supports  the  under  surface  of  the  head  of  the  astragalus 
(facies  articularis  calcanei  anterior).  The  outer  side  of  the  upper  surface  of  the 
anterior  extremity  of  the  bone  is  rough,  and  hereto  is  attached  the  origin  of  the 
short  extensor  muscle  of  the  toes. 

The  inferior  surface  of  the  bone  is  slightly  concave  from  before  backwai'ds,  and 
convex  from  side  to  side.  The  under  aspect  of  the  tuberosity  is  provided  with  two 
tubercles,  an  inner  (processus  medialis  tuberis  calcanei)  and  an  outer  (processus 
lateralis  tuberis  calcanei),  of  which  the  former  is  the  larger.  From  this  the  short 
flexor  of  the  toes  and  the  abductor  liallucis  muscle  arise,  wliilst  from  l)oth  tubercles 


Fig.  177. — The  Right  Os  Calcis  as  seen 
FROM  Above. 


Fig.  178. — The  Right  Os  Calcis  as  seen 
FROM  Below. 
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spring  the  fibres  of  origin  of  the  abductor  minimi  digiti  muscle.  Ou  the  fore-part 
of  the  under  surface  there  is  an  elevated  elongated  tubercle,  which  terminates 
somewhat  abruptly  just  behind  the  anterior  border  of  this  aspect  of  the  bone, 
giving  rise  at  times  to  a  notch.  From  the  former  spring  the  fibres  of  the  long 
plantar  ligament,  whilst  the  latter  serves  for  the  attachment  of  the  deeper  fibres  of 
the  short  plantar  ligament.  The  two  heads  of  origin  of  the  flexor  accessorius 
muscle  arise  from  the  bone  on  either  side  of  the  long  plantar  ligament.  The 
internal  surface  of  the  os  calcis  is  crossed  obliquely  from  above  downwards  and 
forwards  by  a  broad  groove  of  considerable  depth ;  along  this  pass  many  of  the 
structures  which  enter  the  sole  of  the  foot  from  the  back  of  the  leg.  The  groove 
is  overhung  in  front  and  above 
by  a  projecting  bracket  -  like 
process,  called  the  sustentaculum 
tali,  or  lesser  process.  The 
under  surface  of  the  susten- 
taculum is  channelled  by  a 
groove,  in  which  is  lodged  the 
tendon  of  the  flexor  longus 
hallucis  muscle;  whilst  its  inner  ^ 
border,  to  which  is  attached  a  s 
part  of  the  internal  lateral  g 
ligament  of  the  ankle,  is  over-  | 
lain  by  the  tendon  of  the  flexor 
longus  digitorum.  To  the 
anterior  border  of  the  susten- 
taculum is  attached  the  inferior 
calcaneo  -  navicular  ligament, 
and  placed  on  its  upper  surface 
is  the  articular  facet  already 
alluded  to  (facies  articularis 
media).  Posteriorly  the  in- 
ternal surface  of  the  bone  is 
limited  inferiorly  by  the  pro- 
jection of  the  internal  tubercle,  s 
and  above  by  the  internal  ? 
lipped  edge  of  the  tuberosity. 

The  external  surface,  broad 
behind  and  narrower  in  front,  » 
is  of  flattened  form.  Springing 
from  it,  just  below  the  outer 
end  ;  of  the  sinus  tarsi,  is  si 
the  peroneal  spine  (processus 
trochlearis),  often  indistinctly  external  tubercle    internalti  bercle 

marked.    To  this  the  fibres  of  b 
the  external  annular  ligament  B.  As  seen  from  the  inner  Side, 

are  attached  ;  whilst  in  grooves  yiq.  179.— The  Rkjht  Os  Calcis. 

above  and  below  it  pass  the 

tendons  of  the  peroneus  brevis  and  longus  muscles  respectively.  To  the  upper 
and  back  part  of  this  surface  are  attached  the  fibres  of  the  middle  fasciculus  of  the 
external  lateral  ligament  of  the  ankle. 

The  anterior  extremity,  sometimes  called  the  greater  process,  is  furnished  with  a 
saddle-shaped  surface  on  its  anterior  aspect  for  articulation  with  the  cuboid.  This 
facet  is  concave  from  above  downwards,  and  slightly  convex  from  side  to  side ;  its 
edges  are  sharply  defined,  except  internally,  and  serve  for  the  attachment  of 
ligaments. 

The  posterior  extremity,  called  the  tuberosity  (tuber  calcanei)  forms  the 
projection  of  the  heel.  Of  oval  form  and  rounded  surface,  it  rests  upon  the  two 
tubercles  inferiorly.  Its  cutaneous  aspect  is  divisible  into  three  areas.  Of  these 
the  highest  is  smooth  and  crescentic,  and  is  covered  by  a  bursa ;  the  intermediate  is 
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A,  As  seen  from  the  Outer  Siile. 
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also  fairly  smooth,  and  is  defined  inferiorly  by  au  irregular  line,  sometimes  a 
definite  ridge,  the  edges  of  which  are  striated.  Into  this  surface  the  tendo  Acliillis 
is  inserted.  The  lowest  surface  is  rough  and  striated,  and  is  confiuent  below  with 
the  internal  and  external  tubercles ;  this  is  overlain  by  the  dense  layer  of  tissue 
which  forms  the  pad  of  the  heel. 

Variations. — Tlie  peroneal  tul)ercle  is  occasioiiall}'  unduly  prominent,  con.stituting  the  sub- 
nialleolar  a])(>phYsis  of  Hyrtl,  and  cases  are  recorded  of  the  os  calcis  articulating  with  the 
navicular  (Moivstin,  H.,  Bull,  de  la  Soc.  Anat.  de  Paris,  1894,  ser.  v.,  t.  8,  n.  24,  p.  798;  and 
Petrini,  Atti  del  XL  Congr.  Med.  Internaz.  Rojna,  1894,  vol.  ii,  "Anat."  p.  71).  Phitzuer  {Morpho- 
logische  Arheifni,  vol.  vi.  p.  245)  also  records  the  separation  of  the  sustentaculum  tali  to  form  au 
OS  sustentaculi. 

The  Navicular  Bone. 

The  navicular  or  scaphoid  bone  (os  naviculare  pedis),  of  compressed  pyriform 
shape,  is  placed  on  the  inner  side  of  the  foot,  between  the  head  of  the  astragalus 
posteriorly  and  the  three  cuneiform  bones,  anteriorly.    The  bone  derives  its  name 

from  the  oval  or  boat- 
„  shaped  hollow  on  its 

0  posterio  r  surf  ace,whiGh 
5  rests  upon  the  head 
5  of  the  astragalus.  Its 
J  anterior  aspect  is 

1  furnished  with  a  semi- 
^  lunar  articular  area, 

which  is  subdivided  by 
two  faint  ridges  into 
three  wedge  -  shaped 
facets  for  articulation 
from  within  outwards 
with  the  internal, 
middle,  and  external 
cuneiform  bones.  Superiorly  the  surface  of  the  bone,  convex  from  side  to  side,  is 
rough  for  the  attachment  of  the  ligaments  on  the  dorsal  aspect  of  the  foot.  Inferiorly 
the  bone  is  irregularly  concave,  and  marked  by  the  attachment  of  the  plantar  liga- 
ments. The  external  surface  is  narrow  from  before  backwards,  and  rounded  from  above 
downwards.  Usually  devoid  of  any  articular  surface,  it  is  occasionally  provided 
with  a  facet,  which  rests  upon  a  corresponding  area  on  the  cuboid.  The  inner  side 
of  the  bone  projects  beyond  the  general  line  of  the  inner  border  of  the  foot,  so  as  to 
form  a  thick  rounded  tubercle  (tuberositas  oss.  navicularis),  the  position  of  which 
can  be  easily  determined  in  the  living.  To  the  inner  and  under  surface  of  this 
process  an  extensive  portion  of  the  tendon  of  the  tibialis  posticus  muscle  is 
inserted. 

Variations. — Cases  are  recorded  where  the  tubercle  has  foi'uu^d  an  independent  ossicle. 

The  Cuneiform  Bones. 

The  cuneiform  bones,  three  in  number,  are  placed  between  the  navicular 
posteriorly  and  the.  bases  of  the  first,  second,  and  third  metatarsal  bones  anteriorly, 
for  which  reason  they  are  frequently  named  the  first,  second,  and  third  cuneiforms, 
or,  from  their  position,  internal,  middle,  and  external.  More  or  less  wedge-shaped, 
as  their  name  implies,  the  internal  or  first  is  tTie  largest,  whilst  the  middle  or 
second  is  the  smallest  of  the  group.  Combined,  they  form  a  compact  mass,  the 
proximal  surface  of  which,  fairly  regular  in  outline,  rests  on  the  anterior  surface  of 
the  navicular ;  whilst  anteriorly  they  fonn  a  base  of  support  for  the  three  inner 
metatarsals,  the  outline  of  which  is  irregular,  owing;  to  the  base  of  the  second 
metatarsal  bone  being  recessed  between  the  inner  and  outer  cuneiforms  as  it 
articulates  with  the  distal  extremity  of  the  shorter  middle  cuneiform. 

The  internal  cuneiform  bone  (os  cuneiforme  primum),  the  largest  of  the  three, 
lies  on  the  inner  border  of  the  foot  between  the  base  of  the  metatarsal  bone  of  the 
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Flu.  180. — The  Rk!ht  Navicular  Bone. 
A,  As  seen  from  Behind  ;  B,  As  seen  from  the  Front; 
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great  toe  in  front,  and  the  fore  and  inner  part  of  the  navicular  behind.  Its  iqyper, 
lower,  and  internal  surfaces  are  confluent,  and  form  a  convexity  from  above  down- 
wards, which  is  most  pronounced  interiorly, 
where  it  is  turned  towards  the  plantar  side  of 
the  foot.  On  the  fore  part  of  the  inner  aspect 
of  the  bone  there  is  usually  a  distinct  oval  im- 
pression, which  indicates  the  surface  of  insertion 
of  a  portion  of  the  tendon  of  the  tibialis  anticus 
muscle.  Elsewhere  this  surface  is  rough  for 
ligamentous  attachments.  The  external  surface 
of  the  bone,  quadrilateral  in  shape,  is  directed 
towards  the  middle  cuneiform ;  but  as  it  ex- 
ceeds it  in  length,  it  also  comes  in  contact  with 
the  inner  side  of  the  base  of  the  second  meta- 
tarsal bone.  Eunning  along  the  posterior  and 
upper  edges  of  this  area  is  an  r~-shaped  articular 
surface,  the  fore  and  upper  part  of  which  is  for 
the  base  of  the  second  metatarsal  bone,  the  remainder  articulating  with  the  inner 
side  of  the  middle  cuneiform.  The  non-articular  part  of  this  aspect  of  the  bone  is 
rough  for  the  attachment  of  the  strong  interosseous  ligaments,  which  bind  it  to 
the  middle  cuneiform  and  second  metatarsal  bones  respectively.    The  posterior  or 

proximal  end  of  the 
bone  is  provided 
with  a  pyriform 
facet  which  fits  on 
the  inner  articular 
area  of  the  navi- 
cular. Anteriorly 
the  vertical  dia- 
meter of  the  bone 
is  much  increased, 
and  the  facet  for 
the  base  of  the 
metatarsal  bone  of 
the  great  toe  is 
metatarsal  facet 


IV.  Meta- 
tarsal 


Fio.  181. — Anterior  View  of  the  three 
Cuneiform  Bones  of  the  Eight  Foot. 
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Fiu.  182. — The  Right  Intkkn.vl 
Cuneiform  (luuer  Side). 


Fic.  183. — The  Kiuht  Internal 
Cuneiform  (Outer  Side). 
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consequently  much  larger  than  that  for  the  navicular.  The 
usually  of  semilunar  form,  but  not  infrequently  is  more  reuiform  in  shape,  and 
may  in  some  cases  display  complete  separation  into  two  oval  portions. 

The  middle  or  second  cuneiform  (os  cuneiforme  secundum)  is  of  a  typical 
wedge  shape ;  shorter  than  the  others,  it  lies  between  them,  articulating  with  the 
base  of  the  second  metatarsal  in  front, 
and  the  middle  facet  on  the  anterior  sur- 
face of  the  navicular  behind.  Its  upper 
aspect,  which  corresponds  to  the  base  of 
the  wedge,  conforms  to  the  roundness  of 
the  instep,  and  is  slightly  convex  from 
side  to  side,  affording  attachments  for  the 
dorsal  ligaments.     Its  under  surface  is 


II.  Internal 
Metatarsal  cuneiform 


narrow  and  tubercular,  forming  the  .  edge 
of  the  wedge 


II.  Metatarsal 


Fiu.  184.— The  Right 
Middle  Cuneiform 
(Inner  Side). 


Fig.  185.— The  Right 
Middle  Cuneiform 
(Outer  Side). 


,  with  this  the  plantar  liga- 
ments are  connected.  The  inner  surface, 
quadrilateral  in  outline,  is  furnished  with 
an  r-shaped  articular  area  along  its  posterior 
and  superior  borders  in  correspondence  with  the  similar  area  on  the  outer  side  of 
the  internal  cuneiform.  The  rest  of  this  aspect  is  rough  for  ligaments.  The  outer 
side  displays  a  facet  arranged  along  its  posterior  border,  and  usually  somewhat  con- 
stricted in  the  middle ;  this  is  for  the  external  cuneiform.  In  front  of  this  the 
bone  is  rough  for  the  interosseous  ligaments,  which  bind  the  two  bones  together. 
The  proximal  end  is  provided  with  a  triangular  facet  slightly  concave  from  above 
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downwards ;  this  rests  on  the  central  articular  surface  on  the  anterior  aspect  ol' 
the  navicular.  In  front  the  bone  articulates  by  means  of  a  wedge-shaped  facet 
with  the  base  of  the  metatarsal  bone  of  the  second  toe. 

The  external  or  third  cuneiform  (os  cunei forme  tertium)  intermediate  in  size 
between  the  first  and  second,  is  also  of  a  typical  wedge  shape.    Its  superior  surface, 
M1DD...C0NK.KOKM  cuBon.     IV.  mktatarsa..       sUghtly  couvcx  froiu  sidc  to 

^  side,  provides  attachments  for 
I  the  dorsal  ligaments.  Its 
S  inferior  or  plantar  aspect  is 
I  narrow  and  tubercular,  and 
^  serves  for  the  attachment  of 


Fi(i.  186. — Ri(arr  Extkknai, 
Cuneiform  (Iimer  Side). 


11;.  187. —  RUiHT  EXTERNA!, 

Cuneiform  (Outer  Side). 


the  plantar  ligaments.  Its 
inner  side,  of  quadrilateral 
form,  displays  two  narrow 
articular  strips,  placed  along 
its  anterior  and  posterior 
borders  respectively,  each 
somewhat  constricted  in  the  middle.  The  anterior  articulates  with  the  outer  side 
of  the  base  of  the  second  metatarsal  bone,  the  posterior  with  the  outer  side  of 
the  middle  cuneiform.  The  rough  non-articular  surface,  which  separates  the  two 
elongated  facets,  serves  for  the  attachment  of  ligaments.  The  outer  aspect  of  the 
bone  is  characterised  by  a  large  circular  or  oval  facet,  placed  near  its  hinder  border, 
for  articulation  with  the  cuboid  ;  in  front  of  this  the  anterior  border  is  lipped  above 
by  a  small  semi-oval  facet  for  articulation  with  the  inner  side  of  the  base  of  the 
fourth  metatarsal.  The  rest  of  the  bone  around  and  between  these  facets  is  rough 
for  ligaments.  Proximally  the  bone  is  furnished  with  a  triangular  facet  for 
articulation  with  the  outer  wedge-shaped  area  on  the  front  of  the  navicular,  whilst 
distally  it  articulates  with  the  base  of  the  third  metatarsal  hj  a  surface  of  corre- 
sponding shape. 

Variations. — Numerous  cases  of  division  of  the  internal  cuneiform  bone  into  dorsal  and 

Slantar  parts  have  been  recorded ;  the  freqiient  division  of  its  metatarsal  articular  facet  is  no 
oubt  correlated  with  this  anomalous  condition. 


The  Cuboid  Bone. 


External  cuneiform 


Navicular 
(occiisioiial) 


The  cuboid  (os  cuboideum)  lies  on  the  outer  side  of  the  foot,  about  its  middle, 
articulating  with  the  os  calcis  behind  and  the  fourth  and  fifth  metatarsal  bones  iu 
front.  Its  upper  surface,  plane  in  an  antero-posterior  direction,  is  slightly  rounded 
from  side  to  side,  and  provides  attachment  for  ligaments.  Its  plantar  aspect  is 
traversed  obliquely  from  without  inwards  and  forwards  by  a  thick  and  prominent 
ridge,  the  outer  extremity  of  which,  at  the  point  where  it  is  confluent  with  the 
outer  surface,  forms  a  prominent  tubercle  (tuberositas  oss.  cuboidei),  the  anterior 
and  external  surface  of  which  is  smooth  and  faceted  to  allow  of  the  play  of  a 
sesamoid  bone 
which  is  fre- 
quently developed 
in  the  tendon  of 
the  peroneus 
longus  muscle. 
In  front  of  this 
ridge  there  is  a 
groove  (sulcus 
peronfei)  in  which 
the  tendon  of  the 
peroneus  longus 
muscle  is  lodged 
as  it  passes  across 

the  under  surface  of  the  bone.  Behind  the  ridge  tiie  bone  is  rough,  and  serves  for 
the  attachment  of  the  short  plantar  ligament,  the  superficial  fibres  of  which  pass 
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Outer  Side. 
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forwards  and  are  attached  to  the  summit  of  the  ridge.  The  outer  aspect  of  the  bone 
is  short  and  rounded,  and  is  formed  by  the  confluence  of  the  superior  and  inferior  sur- 
faces ;  it  is  more  or  less  notched  by  the  peroneal  groove  which  turns  round  its  lower 
edge.  The  internal  surface  of  the  bone  is  the  most  extensive  ;  it  is  easily  recognisable 
on  account  of  the  presence  of  a  rounded  or  oval  facet  situated  near  its  middle  and 
close  to  its  upper  border.  This  is  for  articulation  with  the  outer  side  of  the  external 
cuneiform ;  in  front  and  behind  this  the  surface  is  rough  for  ligaments.  Not 
infrequently  behind  the  facet  for  the  external  cuneiform  there  is  a  small  articular 
surface  for  the  navicular,  as  is  the  case  normally  in  the  gorilla,  whilst  behind  and 
below,  the  projecting  inferior  angle  is  sometimes  provided  with  a  facet,  on  which 
the  head  of  the  astragalus  rests  (Sutton, "  Proc.  Anat.  Soc,"  Journ.  Anat.  and  Physiol., 
vol.  xxvi.  p.  18).  The  anterior  surface  is  oval  or  conical  in  outline ;  sloping 
obliquely  from  within  outwards  and  backwards,  it  is  divided  about  its  middle  by  a 
slight  vertical  ridge  into  two  parts,  the  inner  of  which  articulates  with  the  base  of 
the  fourth  metatarsal  bone,  the  outer  with  that  of  the  fifth.  The  posterior  surface, 
also  articular,  has  a  semilunar  outline,  the  convex  margin  of  which  corresponds  to 
the  dorsal  roundness  of  the  bone.  The  inferior  external  angle  corresponds  to  the 
tubercle  on  the  outer  border  of  the  bone,  whilst  the  inferior  internal  angle  forms  a 
pointed  projection,  which  is  sometimes  called  the  calcanean  process.  The  posterior 
surface  articulates  with  the  os  calcis  by  means  of  a  saddle-shaped  facet,  which  is 
convex  from  side  to  side,  and  concave  from  above  downwards. 

Variations, — Blandin  has  recorded  a  case  of  division  of  tlie  cuboid. 

The  tarsus  as  a  whole  may  be  conveniently  described  as  arranged  in  two  columns ;  the 
inner,  corresponding  to  the  inner  border  of  the  foot,  comprising  the  astragalns,  navicular,  and 
three  cuneiforms,  and  forming  a  base  for  the  support  of  the  three  inner  metatarsal  boiies  and 
their  phalanges.  The  outer  column,  formed  by  the  os  calcis  and  cuboid,  supports  the  fourth 
and  fifth  metatarsal  bones  together  with  their  phalanges.  The  superior  surface  of  the  anterior 
25ortion  of  the  tarsus  determines  the  side-to-side  roundness  of  the  instep,  whilst  its  under  surface 
forms  arches  in  both  a  transverse  and  longitudinal  direction,  in  which  the  softer  tissues  of  the 
sole  are  lodged,  and  so  protected  from  injury. 

Architecture  of  the  Bones  of  the  Foot. — A  longitudinal  section  through  the  articulated 
bones  of  the  foot  reveals  the  fact  tliat  the  cancellous  structure  of  each  individual  bone  is  deter- 
mined by  tlie  stress  to  which  it  is  habitually  subjected.  In  this  connection  it  is  necessary  to 
refer  to  the  arched  arrangement  of  the  bones  of  the  foot,  a  subject  which  is  elsewhere  treated  in 
detail  (see  p.  304).  Tlie  summit  of  the  arch  is  formed  by  the  astragalus,  on  which  rests  the  tibia. 
Subjected  as  the  astragalus  is  to  a  crushing  strain,  it  is  obvious  that  this  load  must  be  distributed 
throughout  the  arch,  of  which  the  os  calcis  is  the  posterior  pillar,  whilst  the  heads  of  the  meta- 
tarsal bones  constitute  the  anterior  pillar.  It  is  found,  consequently,  that  the  lamella  of  the  can- 
cellous tissue  of  the  astragalus  are  arranged  in  two  directions,  which  intercross  and  terminate 
below  the  superior  articular  surface.  Of  these  fibres,  some  sweejj  backwards  and  downwards 
towards  the  posterior  calcanean  fac^,  beyond  which  they  are  carried  in  the  substance  of  the  os 
calcis  in  a  curved  and  wavy  manner  in  the  direction  of  the  heel,  where  they  terminate  ;  Avhilst 
others,  curving  downwards  and  forwards  from  the  trochlea  of  the  astragalus,  pass  through  the 
neck  to  reach  the  articular  surface  of  the  head,  through  which  in  like  manner  they  jnay  be 
regarded  as  passing  onwards  through  the  several  bones  which  constitute  the  anterior  part  of  the 
arch,  thus  accounting  for  the  longitudinal  striation  as  displayed  in  the  structure  of  the  navi- 
cular, cuneiform  and  metatarsal  bones.  In  the  os  calcis,  in  addition  to  the  foregoing  arrange- 
ment, another  set  of  curving  fibres  sweep  from  back  to  front  of  the  bone  beneath  the  more  com- 
pact tissue  which  forms  its  under  shell.  These  are  obviously  of  advantage  to  prevent  the  spread 
of  the  bone  when  subjected  to  the  crushing  strain.  In  the  sustentaculum  tali  a  bracket-like 
arrangement  of  fibres  is  evident,  and  the  under  surface  of  the  neck  of  the  astragalus  is  hirther 
strengthened  by  lamellse  arranged  vertically. 

In  the  separate  bones  the  investing  envelojae  is  thin,  though  under  the  articular  surfaces 
there  is  a  greater  density,  due  to  the  accession  of  lamellfe  lying  parallel  to  the  articular  planes. 
The  stoutest  bony  tissue  in  the  astragalus  is  met  with  in  the  region  of  the  under  surface  of  the 
neck,  whilst  in  the  os  calcis  the  greatest  density  occurs  along  tlie  floor  of  the  sinus  tarsi. 

Numerical  Variation  in  the  Tarsus.^ — Increase  in  the  number  of  the  tarsal  elements  may 
be  due  to  the  occurrence  of  division  of  either  the  internal  cuneiform  or  the  cuboid  bone,  or  to 
the  occasional  presence  of  an  os  trigonum.  Cases  of  separation  of  the  tuberosity  of  the  navicular 
bone  have  been  recorded,  and  instances  of  supernumerary  ossicles  between  the  internal  cuneiform 
and  second  metatarsal  bone  have  been  noted.  Stieda  mentions  the  occurrence  of  a  small  ossicle 
in  connexion  with  the  articular  surface  on  the  fore  and  upper  part  of  the  os  calcis,  and  Phitzner 
notes  the  occurrence  of  an  os  sustentaculi.  For  further  information  on  the  variations  of  the 
skeleton  of  the  foot,  see  Phitzner  {Morpliologische  Arbeiten,  vol.  vi.  p.  245). 

The  reduction  in  the  number  of  the  tarsus  is  due  to  the  osseous  union  of  adjacent  bones.  In 
many  cases  this  is  undoubtedly  pathological,  but  cases  have  been  noticed  (Leboucq)  of  fusion  of 
16 
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Grooves  for  sesamoid  bones 
A 


the  cartilaginous  elements  of  the  os  calcis  and  astragalus,  and  the  os  calcis  and  navicular  in 
foetuses  of  the  third  month.  » 

Ossification. — Unlike  the  carpus,  the  tarsus  is  at  birth  partially  ossified.  At  this 
period  there  is  a  well-marked  osseous  nucleus  within  the  body  and  neck  of  the  astragalus, 
and  the  os  calcis  is  extensively  ossified.  In  the  latter  the  deposition  of  earthy  matter 
appears  as  early  as  the  sixth  month  of  foetal  life,  whilst  in  the  astragalus  the  ossific  centre 
makes  its  appearance  in  the  later  weeks  of  gestation.  Shortly  before  or  after  birth  the 
cuboid  begins  to  ossify,  succeeded  early  in  the  first  year  by  the  external  cuneiform,  followed 
in  order  by  the  middle  cuneiform,  internal  cuneiform,  and  navicular.  The  ossific  centre 
of  the  latter  appears  at  the  third  year  or  somewhat  later.  An  epiphysis,  which  forms  a 
cap  over  the  extremity  of  the  great  tuberosity  of  the  os  calcis,  appears  from  the  seventh  to 
to  the  ninth  year,  and  fusion  is  completed  between  the  ages  of  sixteen  and  twenty. 

The  Metatarsus. 

The  metatarsal  bones,  five  in  number,  in  their  general  configuration  resemble 
the  metacarpus.  They  are,  however,  slightly  longer,  their  bases  are  proportionately 
larger,  their  shafts  more  slender  and  laterally  compressed,  and  their  heads  propor- 
tionately smaller.  They  are  named  numerically  the  first,  second,  third,  fourth,  and 
fifth  metatarsal  bones,  in  order  from  within  outwards.  The  first  can  be  readily 
recognised  on  account  of  its  stoutness ;  it  is  also  the  shortest  of  the  series.  The 
second  is  the  longest  of  the  five,  and  the  fifth  can  easily  be  distinguished  by  the 
projecting  tubercle  at  its  base. 

The  first  metatarsal  or  metatarsal  bone  of  the  great  toe,  the  shortest  of  the 
series,  is  remarkable  for  its  stoutness.    The  vertical  diameter  of  its  base  much 

exceeds  its  transverse  width,  here  the  bone  is  provided 
with  a  reniform  facet  for  articulation  with  the  internal 
cuneiform.  As  a  rule  there  are  no  facets  on  the  lateral 
aspects  of  the  base.  The  inferior  angle  projects  backwards 
and  outwards,  and  forms  a  prominent  tubercle  which  is 
pitted  for  the  insertion  of  the  tendon  of  the  peroneus 
longus  muscle,  whilst  its  internal  margin  is  lipped  by  a 
surface  for  the  attachment  of  part  of  the  tendon  of  the 
tibialis  anticus.  The  shaft,  short,  thick,  and  prismatic  on 
section,  tapers  rapidly  towards  the  head,  the  fore  and 
under  surfaces  of  which  are  articular.  The  former  is  con- 
vex from  side  to  side,  and  from  above  downwards,  and 
supports  the  proximal  phalanx.  It  is  confluent  below 
with  the  inferior  articular  surface,  which  is  divided  by  a 
median  ridge  into  two  shallow  grooves  of  which  the  inner 
is  the  wider.  In  these  grooves  are  lodged  the  two  sesa- 
moid bones  which  underlie  the  metatarso  -  phalangeal 
joint.  On  either  side  of  the  head,  the  bone  is  pitted  for 
the  strong  lateral  ligaments  of  the  joint. 

The  second  metatarsal,  the  longest  of  the  series,  has 
a  base  of  wedge-shaped  form,  the  proximal  aspect  of  which 
articulates  with  the  middle  cuneiform.  On  its  inner 
aspect,  near  its  superior  edge,  there  is  a  small  circular 
facet  for  the  internal  cuneiform ;  below  and  in  front  of 
this  there  is  sometimes  a  tubercle  with  a  "  pressure "  facet  on  it,  where  the  bone 
comes  in  contact  with  the  base  of  the  first  metatarsal.  On  the  outer  side  of  the 
base  there  is  one,  more  usually  two  facets,  each  divided  into  two  parts,  a  posterior 
for  articulation  with  the  external  cuneiform,  and  an  anterior  for  the  base  of  the 
third  metatarsal.  The  shafts  of  this  and  the  three  succeeding  bones  are  slender 
and  laterally  compressed.  The  heads  are  small  and  narrow,  and  display  a  pro- 
nounced side- to-side  and  vertical  convexity. 

The  third  metatarsal  bone  also  possesses  a  base  of  wedge-shaped  form,  the 
proximal  surface  of  which  articulates  with  the  external  cuneiform.  On  its  inner 
side  it  is  provided  with  one,  more  usually  two  small  facets,  for  articulation  with  the 
base  of  the  second  metatarsal.    Externally  the  base  has  a  larger  facet  for  articula- 
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Fig.  189. — The  First  Meta- 
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tion  with  the  base  of  the  fourth  metatarsal,  more  or  less  conical  in  outhne,  and 
having  its  lower  edge  sharply  defined  by  a  narrow  groove  which  underlies  it. 

The  fourth  metatarsal  has  a  base  more  cubical  in  shape.  Its  proximal  aspect 
articulates  with  the  cuboid,  whilst  internally  an  elongated  oval  facet,  divided  by  a 
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IV.  METATARSAL 
External  cuneiform 


III.  Metatarsal  V.  Metatarsal 

A,  Inner  sides.  B,  Outer  sides. 

Fig.  190. — View  of  the  Bases  and  Shafts  of  the  Second,  Third,  and  Fourth  Metatarsal  Bones 

OF  THE  Eight  Foot. 

slight  vertical  ridge,  provides  surfaces  for  articulation  with  the  third  metatarsal  in 
front  and  the  outer  side  of  the  internal  cuneiform  behind.  On  the  outer  side  there 
is  a  demi-oval  facet,  bearing  a  slightly  saddle-shaped  surface,  for  articulation  with 
the  inner  side  of  the  base  of  the  fifth  metatarsal. 

The  fifth  metatarsal  can  be  readily  recognised  by  the  peculiar  shape  of  its 
base,  from  the  outer  side  of  which  there  projects  backwards  and  outwards  a  pro- 
minent tubercle  (tuberositas  oss.  metacarpi  V.).  To  the 
hinder  extremity  of  this  is  attached  the  tendon  of  the  peroneus 
brevis  muscle.  To  its  upper  surface  the  tendon  of  the  peroneus 
tertius  is  inserted,  whilst  its  under  surface  provides  an  origin 
for  the  flexor  brevis  minimi  digiti  muscle.  The  inner  surface 
of  the  base  is  provided  with  a  demi-oval,  slightly  concave 
facet,  for  the  outer  side  of  the  base  of  the  fourth  metatarsal,  . 
whilst  proximally  it  articulates  with  the  cuboid  by  means  of 
a  semi-circular  facet. 


Vascular  Foramina. — The  canals  for  the  nutrient  vessels  open,  as 
a  rule,  on  the  plantar  aspects  of  the  middle  of  the  shafts.  Those  of  the 
outer  metatarsals  are  directed  towards  the  bases  of  the  bones,  whilst 
that  for  the  metatarsal  of  the  great  toe  passes  towards  its  head. 

Architecture. — In  structure  and  the  arrangement  of  their  lamellae 
the  metatarsal  bones  agree  with  the  metacarpus. 

Variations. — Several  instances  of  separation  of  the  tuberosity  of 
■he  fifth  metatarsal  (os  Vesaleaniim)  have  been  recorded,  whilst 
numerous  examples  of  an  os  intermetatarsiim  between  the  bases  of  the 
first  and  second  metatarsal  bones  have  been  recorded  by  Griiber  and 
thers.  The  tubercle  on  the  base  of  the  first  metatarsal  for  the  attach- 
ent  of  the  peroneus  longus  tendon  is  occasionally  met  with  as  a 
iseparate  ossicle.  yig. 

Ossification. — In  correspondence  with  the  mode  of  ossification 
which  maintains  in  the  metacarpus,  the  primary  centres  for  the 
metatarsus  appear  as  early  as  the  third  month  of  foetal  life.    In  the  case  of  the  second, 
third,  fourth,  and  fifth,  these  centres  furnish  the  bases  and  shafts  of  the  bones,  the  heads 
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being  developed  from  secondary  centi'es  which  appear  from  two  to  four  years  after  birth, 
fusion  with  the  shaft  being  usually  completed  about  the  eighteenth  year.  In  striking 
contrast  to  this  is  the  mode  of  ossification  of  the  first  metatarsal.  From  its  primary 
centre  the  head  and  shaft  is  developed ;  the  secondary  centre  appears  at  its  hase  about 
the  second  or  third  year,  and  fuses  with  the  shaft  about  eighteen.  In  this  respect,  there- 
fore, the  metatarsal  bone  of  the  great  toe  resembles  in  its  mode  of  development  the 
phalanges.  Mayet,  however  {Bull.  Soc.  Anat.  Paris,  1895),  describes  the  occurrence  of 
two  ossific  centres  in  the  proximal  epiphysis.  These  fuse  early,  and  he  considers  that  the 
one  represents  the  metatarsal  element,  whilst  the  other  may  be  regarded  as  phalangeal  in 
its  origin. 


The  Phalanges. 


III.  IjNGUALi 
OR  TERMINAL 
PHALANX 


II.  Phalanx 


I.  Phalanx 


The  phalanges  of  the  toes  (phalanges  digitorum  pedis)  differ  from  those  of  the 
fingers  in  the  striking  reduction  of  their  size,  and  in  the  case  of  the  bones  of  the 
first  row,  in  the  lateral  compression  of  their  shafts.  Each 
toe  is  provided  normally  with  three  phalanges,  except  the 
great  toe,  which  has  only  two.  In  their  general  configura- 
tion, and  in  the  arrangement  of  their  articular  facets,  they 
resemble  the  digital  phalanges,  though,  owing  to  the  re- 
duction in  their  size,  the  shafts,  particularly  those  of  the 
second  row,  are  often  so  compressed  longitudinally  as  to 
reduce  the  bone  to  a  mere  nodule.  The  proximal  end  of 
each  of  the  bones  of  the  first  row  is  proportionately  large, 
and  is  provided  with  a  simple  hollow  in  which  the  head  of 
the  metatarsal  bone  rests;  the  distal  ends  are  furnished  with 
condyloid  surfaces.  The  proximal  extremities  of  the  second 
row  are  each  provided  with  two  small  concavities,  separated 
by  a  slight  ridge  for  articulation  with  the  condyles  of  the 
first  row.  The  joint  between  the  second  and  third  row 
displays  the  same  arrangement  —  the  third,  terminal  or 
ungual  phalanx,  being  easily  distinguished  by  the  spatula- 
shaped  surface  at  its  extremity  on  which  the  bed  of  the  nail 
is  supported. 

The  phalanges  of  the  great  toe,  two  in  number,  differ 
from  the  others  in  their  size  and  length.  Into  the  base  of 
the  first  phalanx  are  inserted  the  short  muscles  of  the  great 
toe,  whilst  the  second  phalanx  receives  on  its  plantar 
aspect  the  insertion  of  the  flexor  longus  hallucis  muscle,  the  tendon  of  the  ex- 
tensor longus  hallucis  being  inserted  into  the  dorsal  aspect. 

Architecture. — In  their  general  .structure  they  resemble  the  bones  of  the  fingers. 

Variations. — It  is  not  uncommon  to  meet  with  fusion  of  the  second  and  third  phalanges, 
particularly  in  the  fifth,  less  frequently  in  the  fourth,  and  occasionally  in  the  second  and  third 
toes.  The  luiion  of  the  ])halangeal  elements  has  been  observed  in  the  f'jetus  as  well  as  the  adult 
(Pliitzner).  The  proportionate  length  of  the  phalanges  varies  much ;  in  some  cases  the  ungual 
jihalanges  are  of  fair  size,  the  bones  of  the  second  row  being  mere  nodules,  whilst  in  other  instances 
the  reduction  in  size  of  the  terminal  phalanges  is  most  marked. 

Ossification. — Each  phalanx  is  developed  from  two  centres — one  primary  for  the 
shaft  and  distal  extremity,  the  other  for  tlie  epiphysis  on  the  proximal  end.  The  primary 
centres  for  the  ungual  phalanges  are  the  first  to  appeal",  commencing  to  ossify  from  the 
eleventh  to  the  twelfth  week  of  foetal  life.  The  centre  for  the  ungual  phalanx  of  the  great 
toe  makes  its  appearance  before  that  of  its  corresponding  metatarsal  bone.  The  primary 
centres  for  the  phalanges  of  the  first  row  appear  from  the  fourteenth  to  the  sixteenth 
week.  The  primary  centres  for  the  middle  phalanges  of  the  second  and  third  toes  begin 
to  ossify  about  the  sixth  month,  those  for  the  fourth  and  fifth  toes  not  till  later — the 
shaft  of  the  middle  phalanx  of  the  fourtli  toe  being  frequently  cartilaginous  at  birth,  the 
normal  condition  in  the  case  of  the  fifth  toe  (Lambertz).  The  proximal  epiphyses  do  not 
begm  to  ossify  until  about  the  fourth  year,  and  are  usually  fused  with  the  diaphyses  about 
the  age  of  sixteen  or  eighteen.  Union  between  the  shafts  and  epiphyses  of  the  first  row 
precedes  that  of  the  second  and  third  rows. 


Metatarsal 

Pig.  192. — The  Phalanges 
OF  THE  Toes  (dorsal 
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Sesamoid  Bones. 

As  in  the  hand,  small  independent  nodules  of  bone,  called  sesamoid  bones,  are  met 
with  in  the  ligaments  and  tendons  of  the  foot.  The  most  constant  of  these  are  foimd  in 
connexion  with  the  metatarso-phalangeal  articulation  of  the  great  toe,  where  they  lie  in 
grooves  on  the  under  surface  of  the  head  of  the  metatarsal  bone  in  connexion  with  the 
tendons  of  the  short  muscles  of  the  great  toe.  Small  osseous  nodules  occupying  a  corre- 
sponding position  are  occasionally  met  with  in  the  other  toes,  and  instances  have  been 
recorded  of  like  ossicles  occurring  on  the  plantar  aspect  of  the  interphalangeal  joint  of 
the  great  toe. 

An  osseous  nodule  is  not  infrequently  met  with  in  the  tendon  of  the  peroneus  longus 
as  it  turns  round  the  outer  border  of  the  foot  to  lie  in  the  groove  on  the  under  surface  of 
the  cuboid. 


MORPHOLOGY  OF  LIMBS. 


Morphology  of  the  Appendicular  Skeleton. 


The  paired  limbs  first  appear  in  the  human  embryo  about  the  third  week  as  small  buds  on 
either  side  of  tlie  cephalic  and  caudal  ends  of  the  trunk.  Tliat  these  outgrowths  are  derived  from 
a  large  number  of  trunk  segments  is  assumed  on  the  ground  that  they  are  supplied  by  a  corre- 
sponding number  of  segmental  nerves,  and  the  circumstance  that  they  are  more  particularly 
associated  with  the  ventral  offsets  of  these  nerves  would  point  to  the  conclusion  that  they  belong 
rather  to  the  ventral  than  the  dorsal  surface  of  the  body. 

At  first  the  surfaces  of  these  limb  buds  are  so  disposed  as  to  be  directed  ventrally  and  dorsally, 
the  ventral  aspect  corresponding  to  the  future  flexor  surface  of  the  limb,  the  dorsal  to  the  ex- 
tensor side.  At  the  same  time,  the  borders  are  directed  headwards  (pre-axial),  and  tailwards 
(post-axial).  As  the  limbs  grow,  they  soon  display  evidence  of  division  into  segments  correspond- 
ing to  the  hand  and  foot,  forearm  and  leg,  upper  arm  and  thigh.  Coincident  with  this  (about  the 
second  month)  the  cartilaginous  framework  of  the  limb  is  being  dift'erentiated.  The  disposition 
of  these  cartilages  furnishes  a  clue  to  their  homologies.  In  the  fore  limb,  the  radius  and  thumb 
lie  along  the  pre-axial  borders,  and  correspond  to  the  tibia  and  great  toe,  which  are  similarly  dis- 
posed in  the  hind  limb ;  whilst  the  ulna  and  fifth  finger  are  homologous  with  the  fibula  and  fifth 
toe,  which  are  in  like  manner  arranged  in  relation  to  the  posterior  (post-axial)  border  of  their 
respective  limbs.  Up  to  this  time  the  limbs  are  directed  obliquely  ventralwards  from  the  head 
towards  the  tail-end  of  the  embryo.  During  the  third  month,  however,  a  change  in  their  posi- 
tion takes  place,  owing  to  their  axes  being  rotated  in  oppiosite  directions.  The  fore  limb  is 
turned  outwards  and  forwards  to  the  extent  of  90°,  whilst  the  lower  hind  limb  is  twisted  inwards 
and  backwards  to  a  corresponding  degree.  This  gives  rise  to  a  change  in  the  disposition  of  the 
joints  of  the  flexor  and  extensor  surfaces.  The  flexor  surface  of  the  elbow  is  now  directed  for- 
wards, whilst  the  corresponding  aspect  of  the  knee  is  turned  backwards,  and  in  consequence  the 
dorsal  or  extensor  aspect  of  the  fore  limb  is  posterior,  Avhilst  the  dorsal  or  extensor  aspect  of  the 
hind  limb  has  become  anterior.  Correspondingly,  the  pre-axial  border  of  the  fore  limb  with  the 
thumb  now  lies  external,  whilst  tTie  pre-axial  border  of  the  hind  limb  with  the  great  toe  has 
become  internal.  A  knowledge  of  these  changes  is  necessary  to  account  for  the  homologies  of  the 
various  structures  within  the  limb.  In  the  axial  mesoderm  of  each  member,  differentiation 
into  cartilaginous  segments  begins  about  the  second  month  ;  each  of  these  cartilages  becomes  in- 
vested by  a  perichondria!  layer  which  stretches  from  segment  to  segment,  and  ultimately  forms 
the  ligaments  surrounding  the  joints,  which  are  subsequently  developed  between  the  segments. 
Chondrification  first  begins  in  the  basal  part  of  the  limb,  and  extends  towards  the  digits.  In  the 
upper  arm  and  thigh  the  humerus  and  femur  are  homodynamous.  In  the  forearm  and  leg  the 
pre-axial  radius  corresjjonds  with  the  pre-axial  tibia,  and  the  post-axial  ulna  with  the  post-axial 
fibula.  The  homodynamy  of  the  carpal  and  tarsal  elements  may  be  tabularly  expressed,  and 
compared  with  the  more  generalised  types  from  which  they  are  evolved. 

Type.  Haud.  Foot. 

Eadiale  (Tibiale)         =  Scaphoid  (body)  :=  Astragalus. 

Intermedium  =  Semilunar  =  Absent,  or  Os  trigouura  (?) 

Ulnare  (Fibulare)        =  Cuneiform  =0s  Calcis. 
Centrale                   =  Absent,  or  Tubercle  on  Scaphoid  =  Navicular. 

Carpale  (Tarsale),  i.     =  Trapezium  =  Internal  Cuneiform. 

Carpale  (Tarsale),  ii.    =  Trapezoid  =  Middle  Cuneiform. 

Carpale  (Tarsale),  iii.  =  Os  Magnum  =  External  Cuneiform. 
Carpale  (Tarsale),  iv.l     tt    -n  ■  ^ 

Carpale  (Tarsale^  v.  /  =  Unciform  =  Cuboid. 

The  pisiform  is  omitted  from  the  above  table,  since  it  is  now  generally  regarded  as  being  a 
vestige  of  an  additional  digit  placed  post-axial  to  the  little  finger  (digitus  post-minimus).  Its 
homologue  in  the  foot  is  by  some  considered  as  fused  with  the  os  calcis.  Similarly,  on  the  pre- 
axial  border  of  the  hand  and  foot,  vestiges  of  a  suppressed  digit  (prepoUex  and  prehallux)  may 
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occasionally  be  met  Avitli.  The  frequent  occurrence  of  an  increase  in  tlie  number  of  digits  seems 
to  indicate  that  pliylogenetically  the  number  of  digits  was  greater  than  at  present,  and  included  a 
prepollex  or  jirehallux,  and  a  digitus  post-minimus.  The  correspondence  of  the  metacarpus  with 
the  metatarsus  and  the  phalanges  of  the  fingers  with  those  of  the  toes  is  so  obvious,  that  it  is 
sufficient  merely  to  mention  it. 

Tlie  differences  in  size,  form,  and  disposition  of  the  skeletal  elements  of  the  hand  and  foot  is 
easily  accounted  for  by  a  reference  to  the  functions  they  subserve. 

In  the  hand  strength  is  sacrificed  to  mobility,  thus  leading  to  a  reduction  in  the  size  of  the 
carpal  elements,  and  a  marked  increase  in  the  length  of  the  digital  phalanges.  The  freedom  of 
movement  of  the  thumb,  and  its  opposaliility  to  the  other  digits,  greatly  enhances  the  value  of 
the  hand  as  a  grasping  organ.  In  the  foot,  where  stability  is  the  main  requirement,  the  tarsus 
is  of  much  greater  proportionate  size,  whilst  the  ^jhalanges  ai'e  correspondingly  reduced.  Since 
the  foot  no  longer  serves  as  a  grasping  organ,  the  great  toe  is  not  free  and  opposable  like  the 
thumb. 

Limb  Girdles. — The  free  limbs  are  linked  to  the  axial  skeleton 'by  a  chain  of  bones 
which  constitute  their  girdles.  The  fundamental  form  of  these  limb  girdles  consists  each  of  a 
pair  of  curved  cartilages  placed  at  right  angles  to  the  axis  of  the  trunk,  and  embedded  within  its 
musculature.  Each  cartilage  has  an  articular  surface  externally  about  the  middle  for  the  recep- 
tion of  the  cartilage  of  the  first  segment  of  the  free  limb.  In  this  way  each  pectoral  and  pelvic 
cartilage  is  divided  into  an  upper  or  dorsal  half  and  a  lower  or  ventral  half  The  dorsal  halves 
constitute  the  scapula  and  ilium  of  the  pectoral  and  jielvic  girdles  resjDectively.  With  regard  to 
the  ventral  halves,  there  is  more  difficulty  in  establishing  their  homologies.  The  original  con- 
dition is  best  disj^layed  in  the  pelvic  girdle  ;  here  the  ventral  segment  divides  into  two  Ijranches — 
one  anterior,  which  represents  the  pubis,  the  other  posterior,  which  ultimately  forms  the  ischium. 
Ventrally,  the  extremities  of  these  cartilages  unite  to  enclose  the  obturator  foramen.  In  the 
pectoral  girdle  the  disposition  of  the  ventral  cartilages  is  not  so  clear,  consisting  primitively  of 
an  anterior  branch  or  ptrecoracoid,  and  a  posterior  portion  or  coracoid ;  these,  in  higher  forms, 
have  undergone  great  modifications  in  adajjtation  to  the  requirements  of  the  fore  limbs.  The 
posterior  or  coracoid  element,  the  homologue  of  the  ischial  cartilage  in  the  pelvic  girdle,  is  but 
feebly  represented  in  man  by  tlie  coracoid  process  and  the  coraco-clavicular  ligament.  With 
regard  to  the  homologue  of  the  pubic  element  in  the  pectoral  girdle,  there  is  much  difference  of 
opinion ;  in  reptiles  and  amphibia  it  corresponds  most  clo.sely  to  the  j^recoracoid,  but  it  is  doubt- 
ful what  represents  it  in  mammals.  According  to  Goette  and  Hoffman,  the  clavicle  is  a  primor- 
dial bone,  and  not,  as  suggested  by  Gegenbaur,  of  secondary  or  dermic  origin.  If  this  be  so,  it 
corresponds  to  the  ventral  anterior  segment  of  the  pectoral  girdle,  and  is  therefore  homologous 
with  the  ventral  anterior  (2)ubic)  segment  of  the  pelvic  girdle.  On  the  other  hand,  if  Gegen- 
baur's  view  be  accepted,  the  clavicle  has  no  representative  in  the  pelvic  girdle.  It  must,  how- 
ever, be  borne  in  mind  that  during  its  ossification  it  is  intimately  associated  with  cartilage,  and 
that  that  cartilage  may  represent  tlie  precoracoid  bar ;  nor  must  too  great  stress  be  laid  upon  the 
fact  that  the  clavicle  begins  to  ossify  before  it  is  preformed  in  cartilage,  since  that  may  be  merely 
a  modification  in  its  histogenetic  develojjment. 

According  to  another  view  (Sabatier),  the  subcoracoid  centre  (see  Ossification  of  Scapula)  is 
derived  from  the  posterior  ventral  segment,  and  corresponds  to  the  ischium,  whilst  the  coracoid 
process  is  the  remains  of  the  anterior  ventral  segment  (precoracoid),  and  is  homodyuamous  with 
the  pubis. 

In  no  part  of  the  skeleton  does  function  react  so  much  on  structure  as  in  the  arrangement  of 
the  constituent  -p&vts  of  the  pectoral  or  pelvic  girdles.  In  man,  owing  to  the  assumption  of  the 
erect  position  and  the  bipedal  mode  of  progression,  the  pelvic  girdle  acquires  tliose  characteristics 
which  are  essentially  human,  viz.  its  great  relative  breadth  and  the  exj^ansion  of  its  iliac  por- 
tions, which  serve  as  a  support  to  the  abdominal  viscera,  and  also  furnish  an  extensive  origin  to 
the  powerful  muscles  which  control  the  movements  of  the  hip-joint.  The  stability  of  the  jDelvic 
girdle  is  ensured  by  the  nature  of  its  union  with  the  axial  skeleton,  as  well  as  by  the  osseous 
fusion  of  its  several  parts,  and  their  union  in  front  at  the  symphysis  pubis. 

In  man,  since  the  erection  of  the  figure  no  longer  necessitates  the  use  of  the  fore  limb 
as  a  means  of  support,  the  shoulder  girdle  has  become  modified  along  lines  which  enhance  its 
mobility  and  determine  its  utility,  in  association  with  a  prehensile  limb.  Some  of  its  2;)arts 
remain  independent  (clavicle  and  scajiula),  and  are  united  by  diarthrodial  joints,  whilst  others 
have  become  much  reduced  in  size  or  suppressed  (coracoid-j^recoracoid,  see  cmte).  The  dorsal 
part  of  the  girdle  (scapula)  is  not  directly  united  with  the  axial  skeleton  as  is  the  ilium,  but  is 
only  indirectly  joined  to  it  through  the  medium  of  the  clavicle,  which  is  linked  in  front  with  the 
presternum.  The  same  underlying  princijiles  determine  the  differences  in  moljility  and  strength 
between  the  shoulder,  elbow,  and  wrist,  and  the  hip,  knee,  and  ankle  joints  of  the  fore  and  hind 
limbs  respectively,  whilst  the  utility  of  the  hand  is  further  enhanced  by  the  movements  of  i)ro- 
nation  and  supination  which  occur  between  the  bones  of  the  forearm.  In  the  leg  such  move- 
ments are  absent,  as  they  would  interfere  with  the  stability  of  the  limb. 
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ARTHROLOGY. 


By  David  Hepburn. 

Arthrology  is  that  branch  of  human  anatomy  which  treats  of  the  articulations 
or  joints. 

An  articulation  or  joint  constitutes  a  mode  of  union  or  connexion  subsisting 
between  any  two  separate  segments  or  parts  of  the  skeleton,  whether  osseous  or 
cartilaginous,  and  having  for  its  primary  object  either  the  preservation  of  a  more 
or  less  rigid  continuity  of  the  parts  joined  together  or  else  to  permit  of  a  variable 
degree  of  mobility,  subject  to  the  restraints  of  the  uniting  media. 

Classification  of  Joints. — In  attempting  to  frame  a  classification  of  the 
numerous  joints  in  the  body,  several  considerations  must  be  taken  into  account, 
viz.  the  manner  and  sequence  of  their  appearance  in  the  embryo ;  the  nature  of  the 
uniting  media  in  the  adult,  and  also  the  degree  and  kind  of  movement  permitted 
in  those  joints  where  movement  is  possible. 

In  this  way  we  obtain  two  main  subdivisions  of  joints  : — 

(1)  Those  in  which  the  uniting  medium  is  coextensive  with  the  opposed  sur- 
faces of  the  bones  entering  into  the  articulation,  and  in  which  a  direct 
union  of  these  surfaces  is  thereby  effected. 

(2)  Those  in  which  the  uniting  medium  has  undergone  more  or  less  of  interrup- 
tion in  its  structural  continuity,  and  in  which  a  cavity  of  greater  or  less 
extent  is  thus  formed  in  the  interior  of  the  joint. 

To  the  first  group  belong  all  the  immovable  joints,  many  of  which  are  likewise 
of  temporary  duration ;  to  the  second  group  belong  all  joints  which  possess  as  their 
outstanding  features  mobility  and  permanence. 
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SYNARTHROSES. 

The  general  characteristics  of  this  group  are  partly  positive  and  partly  nega- 
tive. Thus  there  is  uninterrupted  union  between  the 
opposed  surfaces  of  the  bones  joined  together  at  the  plane 
of  the  articulation,  i.e.  there  is  no  trace  of  a  joint  cavity, 
and  further,  there  is  an  entire  absence  of  movement. 
Develop  mentally,  these  joints  result  from  the  approxi- 
mation of  ossific  processes  which  have  commenced  from 
separate  centres  of  ossification,  and  therefore  the  nature 
of  the  uniting  medium  varies  according  as  the  bones 
thus  joined  together  have  originally  ossified  in  membrane 
or  in  cartilage.  In  the  former  case,  union  is  effected  by 
an  interposed  fibrous  membrane  continuous  with  and 
corresponding  to  the  periosteum.  To  such  articulations 
the  term  suture  (Fig.  193)  is  applied.  In  the  latter  case, 
the  uniting  medium  is  a  plate  of  hyaline  cartilage.  Such 
articulations  are  called  synchondroses  (Fig.  194).  In  all  the  synchondroses,  and  in 
many  of  the  sutures,  the  uniting  medium  tends  to  disappear  in  the  progress  of 


Fig.  193. — Vketical  Section 
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Fig.  194.  —  Section  through 
the  occipito-sphenoid  syn- 
chondrosis. 


os.sification,  and  thus  the  plane  of  articulation  becomes  obliterated,  so  that  direct 
structural  continuity  between  the  osseous  segments  takes  place.     The  primary 

features  common  to  all  synarthroses  are — (ft)  continuous 
and  direct  union  of  the  opposing  surfaces ;  (b)  no  joint 
cavity  ;  (c)  no  movement. 

Suture. — This  form  of  synarthrosis  is  only  found  in 
connexion  with  the  bones  of  the  skull.  In  a  large 
number  of  cases  the  bones  which  articulate  by  suture 
present  irregular  interlocking  margins  between  which 
there  is  the  interposed  fibrous  membrane  to  which  refer- 
ence has  already  been  made.  When  these  interlocking 
margins  present  well-defined  projections  they  are  said  to 
form  true  sutures — sutura  vera  ;  on  the  other  hand,  when 
the  opposed  surfaces  present  ill-defined  projections,  or 
even  flat  areas,  they  are  described  as  false  sutures — 
sutura  notha.  In  each  of  these  subdivisions  the  particular 
characters  of  the  articulating  margins  are  utilised  in  framing  additional  descriptive 
terms.  Thus  true  sutures  may  possess  interlocking  margins  whose  projections  are 
tooth-like  (sutura  dentata),  e.g.  in  the  interparietal  suture  ;  saw-like  (sutura  serrata), 
(Fig.  195)  e.g.  in  the  interfrontal  suture ;  ridge-like,  or  comparable 
to  the  parallel  ridges  on  the  welt  of  a  boot  (sutura  limbosa). 
Similarly  false  sutures  may  articulate  by  margins  which  are  scale- 
like (sutura  squamosa),  e.g.  in  the  squamoso-parietal  suture ;  or  by 
rough  opposed  surfaces  (sutura  harmonia),  e.g.  in  the  suture  between 
the  palate  plates  of  the  superior  maxillary  bones.  There  is  one 
variety  of  synarthrosis  which,  in  the  adult,  can  scarcely  be  called  a 
suture,  although  the  differences  are  of  minor  importance,  viz. 
schindylesis,  which  is  an  articulation  between  the  edge  of  a  plate- 
like l)one,  such  as  the  rostrum  of  the  'sphenoid,  and  the  cleft  in 
another,  such  as  the  vomer. 

Synchondrosis, — Illustrations  of  this  group  can  only  be  found 
in  the  young  growing  individual,  because  as  age  advances,  and 
growth  ceases,  the  process  of  ossification  affects  the  hyaline  cartilage  which  con- 
stitutes the  uniting  medium,  and  the  plane  of  articulation  disappears.  Under  this 
heading  we  may  include  the  planes  of  junction  between  all  epiphyses  and  the 
shafts  or  diaphyses  to  which  they  severally  belong.  The  occipito-sphenoid  (Fig. 
194),  and  the  petro-jugular  articulations  in  the  base  of  the  skull  provide  other 
well-marked  examples. 


Fio. 


195. — SUTUKA 

Sbrrata. 


MOVABLE  JOINTS. 


The  leading  features  of  this  group  are  capability  of  movement  and  permanence. 
In  very  few  instances  do  such  joints  ever  become  obhterated  under  normal  con- 
ditions. Determining  their  permanence,  and  regulating  the  amount  of  possible 
movement,  there  is  always  more  or  less  of  interruption  in  the  continuity  of  the 
structures  which  bind  the  osseous  elements  together.  That  is,  there  is  always  some 
evidence  of  a  joint  cavity,  although  as  a  matter  of  course  such  interruption  can 
never  be  so  extensive  as  to  entirely  disassociate  the  articulating  elements.  There- 
fore in  all  movable  joints  a  new  class  of  structures  is  found,  viz.  the  ligaments,  by 
means  of  which  continuity  is  maintained  even  when  all  the  other  uniting  media 
have  given  place  to  a  joint  cavity.  The  further  subdivision  of  this  group  is  founded 
upon  the  amount  of  movement  permissible  and  the  extent  to  which  the  joint  cavity 
takes  the  place  of  the  original  continuous  uniting  medium.  Thus  we  obtain  the 
partly  movable  or  ampMarthroses,  and  the  freely  movable  or  diarthroses. 

An  amphiarthrosis  (Fig.  198)  presents  the  following  characteristics:  —  (a) 
partial  movement ;  (b)  union  by  ligaments  and  by  an  interposed  plate  or  disc  of 
fibro-cartilage,  in  the  interior  of  which  there  is,  (c)  an  incomplete  or  partial  joint 
cavity  which  may  be  lined  by  a  rudimentary  synovial  membrane  who.se  function  it 
is  to  secrete  a  lubricating  fluid,  the  synovia  or  joint-oil;  (d)  a  plate  of  hyaline 
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cartilage  coating  each  of  the  opposing  surfaces  of  the  bones  concerned.  All  the 
joints  belonging  to  this  group  occur  in  the  mesial  plane  of  the  body.  It  includes 
the  symphysis  pubis,  the  joints  between  the  bodies  of  the  vertebrse,  and  the  joint 
between  the  manubrium  sterni  and  the  gladiolus. 

A  diarthrosis  (Fig.  196)  is  the  most  elaborate  as  well  as  the  most  complete  form 
of  articulation.  It  is  characterised  by  (a)  capability  of  movement  which  is  more  or 
less  free  in  its  range ;  (&)  a  reduction  of  the 
uniting  structures  to  a  series  of  retaining  liga- 
ments; (c)  a  joint  cavity  which  is  only 
limited  by  the  surrounding  ligaments ;  {d) 
the  constant  presence  of  synovial  membrane ; 
(e)  hyaline  encrusting  cartilage  which  clothes 
the  opposed  surfaces  of  the  articulating  bones. 
The  majority  of  the  joints  in  the  adult  belongs 
to  this  group.  This  series  of  joints  has  been 
subdivided  into  a  number  of  minor  sections, 
in  order  to  emphasise  the  occurrence  of 
certain  well-marked  structural  features,  or 
because  of  the  particular  nature  of  the  move- 
ment by  which  they  'are  characterised. 
Although  in  all  diarthroses  there  is  a  certain 
amount  of  gliding  movement  between  the 
opposed  surfaces  of  the  bones  which  enter  into  their  formation,  yet,  when  this  gliding 
movement  becomes  their  prominent  feature,  as  in  most  of  the  joints  of  the  carpus  and 
tarsus,  they  are  termed  arthrodia.  But  bones  may  be  articulated  together  so  as  to 
permit  of  movement  in  one,  two,  or  more  fixed  axes  of  movement,  or  in  modifications 
of  these  axes.  Thus  in  uniaxial  joints  the  axis  of  movement  may  lie  in  the  longi- 
tudinal axis  of  the  joint,  in  which  case  the  rotatory  form  of  joint  results,  as  in 
the  superior  and  inferior  radio-ulnar  articulations ;  or  it  may  correspond  with  the 
transverse  axis  of  the  articulation,  as  in  the  elbow-joint  and  knee-joint,  when  the 
ginglymus  or  hinge  variety  results.  If  movement  takes  place  about  two  principal 
axes  situated  at  right  angles  to  each  other,  as  in  the  radio-carpal  joint,  the  terms 
biaxial  or  condyloid  are  applied.  Movements  occurring  about  three  principal  axes 
placed  at  right  angles  to  each  other,  or  in  modifications  of  these  positions,  con- 
stitute multiaxial  joints,  in  which  the  associated  structural  peculiarities  provide  the 
alternative  terms  of  enarthrodial  or  ball-and-socket  joints. 
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STRUCTURES  WHICH  ENTER  INTO  THE  FORMATION  OF  JOINTS. 

The  structures  which  enter  into  the  formation  of  joints  vary  with  the  nature 
of  the  articulation.  In  every  instance  there  are  two  or  more  skeletal  elements, 
whether  bones  or  cartilages,  and  in  addition  there  are  the  uniting  media,  which  are 
either  simple  or  elaborate  according  to  the  provision  made  for  rendering  the  joint 
more  or  less  rigid  or  capable  of  movement.  We  have  already  seen  that  the  uniting 
medium  in  synarthrodial  joints  is  a  remnant  of  the  common  matrix,  whether  fibro- 
vascular  membrane  or  hyaline  cartilage,  in  which  ossification  has  extended  from 
separate  centres.  Among  the  araphiarthroses  there  is  still  extensive  union  between 
the  opposing  surfaces  of  the  articulating  bones,  but  the  character  of  the  uniting 
medium  has  advanced  from  the  primitive  embryonic  tissue  to  fibrous  and  fibro- 
cartilaginous material,  as  well  as  hyaline  cartilage.  These,  with  very  few  exceptions, 
are  permanent,  non-ossifying  substances,  such  as  may  be  seen  between  the  opposing 
osseous  surfaces  of  two  vertebral  bodies.  The  joint  cavity,  more  or  less  rudimentary, 
is  confined  to  the  centre  of  the  fibro-cartilaginous  plate,  and  may  result  from  the 
softening  or  imperfect  cleavage  of  the  central  tissue.  It  may  also  present  rudiments 
of  a  synovial  membrane. 

In  the  diarthrodial  group  the  extensive  cavity  has  produced  great  interruption 
in  the  continuity  of  the  uniting  structures  which  originally  existed  between  the 
bones  forming  such  a  joint.  Ligaments  have  therefore  additional  importance  in 
this  group,  for  not  only  do  they  constitute  the  uniting  media  which  bind  the 
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articulating  bones  together,  but  to  a  large  extent  they  form  the  peripheral 
boundary  of  the  joint  cavity,  although  not  equally  developed  in  all  positions. 
Thus  every  diarthrodial  joint  possesses  a  fibrous  or  ligamentous  envelope  or 
capsule  which  is  attached  to  the  adjacent  ends  of  the  articulating  bones.  For 
special  purposes,  particular  parts  of  the  capsule  may  undergo  enlargement  and 
thickening,  and  so  constitute  strong  ligamentous  bands,  although  still  forming  con- 
tinuous constituents  of  the  capsule. 

Within  the  capsule  a  series  of  intracapsular  structures  are  present.  Thus  the 
capsule  itself  is  always  lined  by  a  synovial  membrane,  which  is  continued  from  the 
inner  surface  of  the  capsule  to  the  surface  of  the  intracapsular  portion  of  each 
articulating  bone.  The  part  of  the  bone  included  within  the  capsule  consists  of  a 
"  non-articular"  portion  covered  by  synovial  membrane,  and  an  "  articular  "  portion 
covered  by  encrusting  hyaline  cartilage.  The  latter  provides  the  surface  which 
comes  into  apposition  with  the  corresponding  area  of  another  bone.  In  its  general 
disposition  the  synovial  membrane  may  be  likened  to  a  cylindrical  tube  open  at 
each  end. 

Certain  diarthroses  present  additional  intracapsular  structures  which  may  be 
distinguished  as  interarticular  ligaments  and  interarticular  fibro-cartilages. 

Interarticular  ligaments  extend  between  and  are  attached  to  non-articular  areas 
of  the  intracapsular  portions  of  the  articulating  bones.  They  usually  occupy  the 
long  axis  of  the  joint,  and  occasionally  they  widen  sufficiently  to  form  partitions 
which  divide  the  joint-cavity  into  two  compartments,  e.g.  the  costo-central,  and 
certain  of  the  chondro-sternal  joints. 

Interarticular  fibro-cartilages  or  menisci  (Fig.  197)  are  more  or  less  complete 
partitions  situated  between  and  separating  opposing  articular  surfaces,  and  when 
complete  they  divide  the  joint  cavity  into  two  distinct  compartments.    By  its 

periphery,  a  meniscus  is  rather  to  be  associated 
with  the  joint  capsule  than  with  the  articu- 
lating bones,  although  its  attachments  may 
extend  to  non-articular  areas  on  the  latter. 

Both  interarticular  ligaments  and  menisci 
have  their  free  surfaces  covered  by  synovial 
membrane. 

Adipose  tissue  forming  pads  of  varying  size 
is  usually  found  in  certain  localities  within 
the  joint,  between  the  synovial  membrane  and 
the  surfaces  which  it  covers.    These  pads  are 
soft  and  pliable,  and  act  as  packing  material, 
filling   up   gaps  or  intervals  in  the  joint. 
During  movement  they  adapt  themselves  to 
Fig.  197.— Diagram  of  a  Diauthrodial  Joint  the  changing  conditions  of  the  articulation. 
WITH  AN  Interarticular  Meniscus  divid-      In  addition  to  merely  binding  together  two 
iNG  the  Joint -Cavity  into  two  Com-        more  articulating  bones,  ligaments  perform 
partments.  .         ,     ,   r   °  ,•         .  °  .-^ 

very  important  functions  m  connexion  with 

the  different  movements  taking  place  at  a  joint.  They  do  not  appreciably  lengthen 
under  strains,  and  thus  ligaments  may  act  as  inhibitory  structures,  and  by  becom- 
ing tense  may  restrain  or  check  movement  in  certain  directions. 

Synovial  membranes,  in  the  form  of  closed  sacs  termed  synovial  bursae,  are  frequently  found 
in  other  situations  besides  the  interior  of  joints.  Such  bursaj  are  developed  for  the  purijose  ol 
reducing  the  friction,  (a)  Ijetween  the  integument  and  certain  prominent  subcutaneous  bony  pro- 
jections, as,  for  instance,  the  point  of  the  elbow,  or  the  front  surface  of  the  patella  (subcutaneous 
synovial  bursaj) ;  (6)  between  a  tendon  and  some  surface,  bony  or  cartilaginous,  over  wliicli  it 
plays  (subtendinous  synovial  bursaj) ;  (c)  between  a  tendon  or  a  group  of  tendons  and  the  walls 
of  osteo-fascial  tunnels,  in  which  they  play  (thecal  synovial  bursee).  Subtendinous  synovial 
bursas  are  often  placed  in  the  neighbourhood  of  joints,  and  in  such  cases  it  not  infrequently 
happens  that  there  is  a  direct  continuity  between  the  bursa  and  the  synovial  membrane  which 
lines  the  cavity  of  the  joint  through  an  aperture  in  the  joint-capsule. 


hiembrane 
Joint 
cavity 
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THE  DIFFERENT  KINDS  OF  MOVEMENT  AT  JOINTS. 

Eeference  has  already  been  made  to  the  existence  of  fixed  axes  of  movement  as 
a  basis  for  tlie  classification  of  certain  forms  of  diarthrodial  joints.  Hence  it  is 
evident  that  the  movements  which  are  possible  at  any  particular  joint  depend  to  a 
large  extent  upon  the  shape  of  its  articular  surfaces  as  well  as  upon  the  nature  of 
its  various  ligaments.  Therefore  the  technical  terms  descriptive  of  movements 
either  indicate  the  directions  in  which  they  occur,  or  else  the  character  of  the  com- 
pleted movement. 

In  the  great  majority  of  articulations  between  short  bones,  the  amount  of  move- 
ment is  so  restricted,  and  the  displacement  of  the  opposing  articular  surfaces  so 
slight,  that  the  term  gliding  sufiiciently  expresses  its  character. 

A  gliding  movement  of  an  extensive  kind,  for  example  that  of  the  patella  upon  the  femur,  in 
which  the  movement  largely  resembles  that  of  the  tyre  of  a  wheel  revolving  in  contact  with  the 
ground  so  that  different  parts  are  successively  adaj)ted  to  each  other,  is  called  co-aptation. 

Articulations  between  long  bones,  on  the  other  hand,  are  usually  associated 
with  a  much  freer  range  of  movement,  with  a  corresponding  variety  in  its  character. 
Rotation  is  a  movement  about  an  axis  which  is  longitudinal.  Sometimes  it  is  the 
only  form  of  movement  which  a  joint  possesses  ;  at  other  times  it  is  merely  one  of  a 
series  of  movements  capable  of  execution  at  the  same  joint.  Flexion  or  bending  is 
a  movement  in  which  the  formation  of  an  angle  between  two  parts  of  the  body  is 
an  essential  feature.  As  it  is  possible  to  perform  this  movement  in  relation  to  two 
axes,  viz.  a  transverse  and  an  antero-posterior  axis,  it  is  necessary  to  introduce 
qualifying  terms.  Thus,  when  two  anterior  or  ventral  surfaces  are  approximated, 
as  at  t])e  hip-,  elbow-,  or  wrist-joints,  the  movement  is  called  ventral,  anterior,  or 
palmar  flexion  ;  but  if  posterior  or  dorsal  surfaces  be  approximated  by  the  process  of 
bending,  then  the  flexion  becomes  posterior  or  dorsi-flexion,  as  at  the  knee-  or  wrist- 
joints.  Further,  at  the  wrist-joint,  the  formation  of  an  angle  between  the  ulnar 
border  of  the  hand  and  the  corresponding  aspect  of  the  forearm,  produces  ulnar 
flexion,  and  similarly  the  bending  of  the  hand  towards  the  radial  border  of  the 
forearm  is  radial  flexion. 

Extension  or  straightening  consists  in  obliterating  the  angle  which  resulted  from 
flexion.  In  the  case  of  certain  joints,  therefore,  such  as  the  elbow,  wrist,  and  knee, 
the  segments  of  the  limb  occupy  a  straight  Hne  as  regards  each  other  when 
extended.^ 

At  the  ankle-joint  the  natural  gttitude  of  the  foot  is  flexion  at  a  right  angle  to  the  leg.  The 
diminution  of  this  angle  by  ajDproximating  the  dorsum  of  the  foot  toAvards  the  front  of  the  leg 
constitutes /exioM, ;  while  any  effort  at  placing  the  foot  and  leg  in  a  straiglit  line,  i.e.  obliteration  of 
the  angle,  as  in  pointing  the  toes  towards  the  ground  and  raising  the  heel,  constitutes  extension. 

Abduction  is  a  term  which  either  expresses  movement  of  an  entire  limb,  in  a 
direction  away  from  the  mesial  plane  of  the  body,  or  of  a  digit,  away  from  the 
plane  of  the  middle  finger  in  the  hand,  or  the  plane  of  the  second  toe  in  the  case 
of  the  foot. 

Adduction  is  the  reverse  of  the  foregoing,  and  signifies  movement  towards  the 
mesial  plane  of  the  body,  or  towards  the  planes  indicated  for  the  digits  of  the  hand 
and  foot. 

Circumduction  is  a  movement  peculiarly  characteristic  of  multiaxial  or  ball- 
and-socket  joints.  It  consists  in  combining  such  angular  movements  as  flexion, 
extension,  abduction,  and  adduction,  so  as  to  continue  the  one  into  the  other, 
whereby  the  joint  forms  the  apex  of  a  cone  of  movement,  and  the  free  end  of  the 
limb  travels  through  a  circle  which  describes  the  base  of  this  cone. 

THE  DEVELOPMENT  OF  JOINTS. 

Just  as  the  question  of  structure  determines  to  a  large  extent  the  presence  or  absence 
of  movement  in  joints,  so  in  tracing  their  development  it  will  be  found  that  the 

^  From  this  it  will  be  seen  that  the  term  "over-extension"  is  not  a  correct  expression,  and  conse- 
quently should  not  be  employed. 
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manner  of  their  appearance  forecasts  their  ultimate  destination  as  immovable  or  mov- 
able arrangements. 

All  joints  arise  in  mesodermic  tissue  which  has  undergone  more  or  less  differentia- 
tion. 

When  this  differentiation  has  produced  a  continuous  membranous  layer,  in  which 
ossific  centres  representing  separate  skeletal  segments  make  their  appearance,  we  get  the 
primitive  form  of  suture.  The  plane  of  the  articulation  merely  indicates  the  limit  of 
the  ossific  process  extending  from  different  directions.  If,  again,  the  differentiation  of 
the  mesoblast  has  resulted  in  the  formation  of  a  continuous  cartilaginous  layer,  in  which 
ossification  commences  at  separate  centres,  the  plane  of  the  articulation  is  marked 
out  by  the  unossified  cartilage — in  other  words,  the  articulation  is  a  synchondrosis.  Ulti- 
mately this  disappears  through  the  extension  of  the  process  of  ossification. 

To  some  extent  sutures  also  disappear,  although  their  complete  obliteration  is  not 
usual  even  in  aged  people.  Developmentally,  therefore,  synarthroses  or  immovable 
joints  do  not  present  any  special  structural  element,  and,  speaking  generally,  they  have 
only  a  temporary  existence. 

The  development  of  all  movable  joints  is  in  marked  contrast  to  that  of  synar- 
throses. Not  only  are  they  permanent  arrangements  so  far  as  concerns  normal  conditions, 
but  they  never  arise  merely  as  planes  which  indicate  the  temporary  phase  of  an  ossific 
process.  From  the  outset  they  present  distinct  skeletal  units,  from  which  the  special 
structures  of  the  joint  are  derived. 

The  primitive  movable  joint  is  first  recognised  as  a  mass  of  undifferentiated 
mesodermic  cells  situated  between  two  masses,  which  have  differentiated  into  primitive 
cartilage. 

The  cell-mass  which  constitutes  the  joint-unit  presents  the  appearance  of  a  thick 
cellular  disc,  the  proximal  and  distal  siirfaces  of  which  are  in  accurate  apposition  with  the 
primitive  cartilages,  while  its  circumference  is  defined  from  the  surrounding  mesoderm  by 
a  somewhat  closer  aggregation  of  the  cells  of  which  the  disc  is  composed.  From  this 
cellular  disc  or  joint-unit,  all  the  structures  characteristic  of  amphiarthrodial  and  diar- 
throdial  joints  are  ultimately  developed. 

Thus  by  the  transformation  of  the  cii'cumferential  cells  into  fibrous  tissue,  the  invest- 
ing ligaments  are  produced.  Within  the  substance  of  the  disc  itself,  a  transverse  cleft, 
more  or  less  well-defined  and  complete,  makes  its  appearance.  In  this  manner  the  disc  is 
divided  into  proximal  and  distal  segments,  separated  from  each  other  by  an  interval 
which  is  the  primitive  joint-cavity.  This  cleft,  however,  never  extends  so  far  as  to  inter- 
rupt the  continuity  of  the  circumferential  part  of  the  disc  which  develops  into  the  fibrous 
tissue  of  the  investing  ligaments.  From  the  proximal  and  distal  segments  of  the 
articular  disc,  the  various  structures,  distinctive  of  movable  joints,  are  developed. 

Thus,  in  amphiarthrodial  joints  the  cellular  articular  disc  or  primitive  joint-unit  gives 
origin  to  the  following  structures  : — From  its  circumference,  investing  ligaments ;  from 
its  interior,  the  fibro-cartilaginous  plate  or  disc  in  which  an  imperfect  joint-cavity  with 
corresponding  imperfect  synovial  may  be  found. 

In  the  case  of  a  diarthrodial  joint  the  changes  take  pla,ce  on  a  more  extended  scale. 
The  joint-cavity  becomes  a  prominent  feature,  in  relation  to  which,  the  surrounding 
fibrous  structures  form  an  investing  capsule,  lined  by  a  synovial  membrane. 

When  a  single  cleft  arises,  but  does  not  extend  completely  across  the  longitudinal  axis 
of  the  articular  disc,  the  undivided  portion  develops  into  fibrous  interarticular  ligaments. 
On  the  other  hand,  when  two  transverse  clefts  are  formed,  that  portion  of  the  cellular 
disc  which  remains  between  them  b6comes  transformed  into  a  fibro-cartilaginous  inter- 
articular disc  or  meniscus,  which  in  its  turn  may  either  be  complete  or  incomplete,  and 
thus  we  may  obtain  two  distinct  synovial  joint  cavities  belonging  to  one  articulation. ^  , 

In  considering  the  development  of  the  synovial  membrane,  and  the  surfaces  on  which 
it  is  found  in  the  interior  of  a  joint,  it  is  necessary  to  keep  clearly  in  mind  that  a  synovial 
membrane  is  a  highly  specialised  structure,  whose  function  it  is  to  secrete  a  lubricating 
fluid  or  synovia,  and  that,  therefore,  its  position  is  determined  by  the  essential  necessity 
of  pi'oximity  to  a  direct  blood  supply.  In  other  words  this  condition  of  secretion  is  pro- 
vided by  all  parts  of  the  interior  of  a  joint-cavity  except  the  articular  encrusting  carti- 
lage. Consequently  synovial  membrane  is  only  absent  from  the  free  surface  of  articular 
cartilage. 

1  From  a  series  of  observations  upon  the  development  of  diarthrodial  joints,  the  writer  considers  that 
there  is  evidence  to  show  that  the  "  cellubir  articular  disc  "  is  directly  responsible  for  the  production  of 
the  epiphyses  which  adjoin  the  completed  joint  cavity,  and  that,  among  such  ampliiarthroses  as  exist 
between  the  bodies  of  vertebrae,  not  only  the  intervertebral  disc,  but  the  proximal  and  distal  epiphyses 
which  ultimately  unite  with  the  vertebral  bodies  have  a  common  origin  in  the  joint-unit. 
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It  is  not  necessary  to  suppose  that  the  synovial  membrane  has  disappeared  from  these 
articular  cartilages  as  the  result  of  friction,  because,  notwithstanding  constant  friction, 
such  parts  as  the  interior  of  capsular  ligaments  or  the  semilunar  cartilages  of  the  knee- 
joint  have  not  been  denuded  of  their  synovial  covering. 

MORPHOLOGY  OF  LIGAMENTS. 

From  what  has  been  said  in  connection  with  the  development  of  joints,  it  will  be  evident 
that  ligaments  are  essentially  products  derived  from  the  cellular  articular  disc. 

Nevertheless,  in  relation  to  the  fully-formed  joint,  many  structures  are  described  as  ligaments, 
which  do  not  take  origin  in  the  manner  just  indicated.  Some  of  these  ligamentous  structures 
remain  fairly  distinct  from  the  capsular  ligaments  with  which  they  are  immediately  associated  ; 
others  become  thoroughly  incorporated  with  the  capsular  ligaments  and  cannot  be  separated 
therefrom,  while  yet  others  may  be  found  situated  within  the  capsule  of  a  joint,  and  thus  iJlay 
the  part  of  interarticular  ligaments. 

Instances  of  each  of  these  forms  of  adventitious  ligaments  may  be  readily  given.  For 
example,  we  may  instance  the  expansion  of  the  tendon  of  the  semimembranosus  muscle  to  the 
posterior  ligament  of  the  knee-joint,  and  the  offshoots  from  the  tendon  of  the  tibialis  posticus 
muscle  to  the  plantar  aspects  of  various  tarsal  bones,  as  illustrations  of  structures  which  play 
an  important  part  as  ligaments,  but  are  not  indelilily  incorporated  with  the  joint  caj)sule. 

Of  structures  which  have  become  indelibly  incorporated  with  the  primitive  cajjsule,  we  may 
instance  the  broad  tendinous  expansions  of  the  cpiadriceps  extensor  muscle  around  the  knee-joint. 

The  internal  lateral  ligament  of  the  same  joint  is  regarded  as  a  detached  portion  of  the 
tendon  belonging  to  that  part  of  the  adductor  magnus  muscle  which  takes  origin  from  the 
ischium,  while  the  external  lateral  ligament  of  the  knee  is  considered  by  some  to  be  the  primi- 
tive femoral  origin  of  the  peroneus  longus  muscle.  Another  illustration  of  the  same  condition 
is  found  in  the  coraco-humeral  ligament,  which  is  regarded  by  some  as  representing  a  detached 
portion  of  the  pectoralis  minor  muscle. 

Two  illustrations  may  be  given  of  structures  j^laying  the  part  of  ligaments  within  the 
capsule  of  a  joint,  although  in  the  first  instance  they  are  not  cleveloped  as  ligaments.  It  is 
questionable  if  the  ligamentum  teres  of  the  hip -joint  is  an  interarticular  ligament  in  the  true 
sense  of  the  term  ;  it  has  been  regarded  as  the  isolated  and  displaced  tendon  of  the  ambiens  muscle 
found  in  birds.  In  the  shoulder-joint,  many  observers  look  upon  the  superior  gleno-humeral 
ligament  as  rejjiresentative  of  the  ligamentum  teres. 

Such  structures  as  the  stylohyoid  ligament  and  the  internal  lateral  ligament  of  the  temporo- 
mandibular joint,  although  described  as  ligaments,  are  in  reality  skeletal  parts  which  have  not 
attained  their  complete  ossific  development. 

Again,  certain  portions  of  the  deep  or  muscular  fascia  of  the  body  which  become  specialised 
into  restraining  and  supporting  bands  {e.g.  the  ilio-tibial  band  of  the  fascia  lata  ;  the  stylo-inandi- 
bular  ligament ;  the  anterior  and  posterior  annular  ligaments  of  the  wrist-joint ;  the  anterior, 
inner,  and  outer  annular  ligaments  of  the  ankle-joint),  although  called  ligaments,  have  no 
direct  developmental  association  with  articular  ligaments. 

Lastly,  the  ligament  of  Poupart  and  th.e  ligament  of  Gimbernat,  being  special  developments 
in  connection  with  an  expanded  tendon  or  aj^oneurosis,  are  still  further  removed  from  associa- 
tion with  an  articulation. 


LIGAMENTS  OF  THE  VERTEBEAL  COLUMN  AND  SKULL. 

All  vertebrae,  with  the  exception  of  those  which  deviate  from  the  common 
vertebral  type,  present  two  sets  of  articulations  whose  various  parts  are  arranged 
upon  a  uniform  pattern.  Thus  every  pair  of  typical  vertebrae  presents  an  articula- 
tion between  the  centra,  termed  intercentral,  and  a  pair  of  articulations  between 
the  neural  arches,  called  interneural.  With  the  latter  there  are  associated  various 
important  accessory  ligaments  which  bind  together  laminae,  spinous  processes,  and 
transverse  processes. 

Intercentral  Articulations. — These  are  amphiarthrodial  joints.  Singly,  they 
present  only  a  slight  degree  of  mobility,  but  when  this  amount  of  movement  is 
added  to  that  of  the  whole  series,  the  range  of  movement  of  the  spine  becomes 
considerable.  The  articular  surfaces  are  the  flattened  surfaces  of  adjacent  vertebral 
bodies.    They  are  bound  together  by  the  following  structures : — 

Intervertebral  Discs  (fibro-cartilagines  intervertebrales,  Fig.  198). — Each  disc 
accommodates  itself  to  the  space  it  occupies  between  the  two  vertebral  bodies,  to 
both  of  which  it  is  firmly  adherent.  The  discs,  from  different  parts  of  the  spinal 
column,  vary  in  vertical  thickness,  being  thinnest  from  the  third  to  the  seventh  dorsal 
vertebra,  and  thickest  in  the  lumbar  region.  In  the  cervical  and  lumbar  regions 
each  disc  is  thicker  in  front  than  behind,  thereby  assisting  in  the  production  of  the 
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anterior  convexity  which  characterises  the  spinal  cohimn  in  these  two  regions.  In 
the  dorsal  region  the  discs  are  thinnest  on  their  anterior  aspects  in  correspondence 
with  the  anterior  concavity  of  this  section  of  the  spine. 

Each  disc  consists  of  a  circumferential  portion  (annulus  fibrosus),  formed  for 


Vertebral  body 


Intervertebral  disc- 


Nucleus  pulposus 


flavuiu 


Fig.  198. — Mesial  Section  through  a  Portion  of  the  Lumbar  Part  of  the  Spine. 

■ 

the  most  part  of  oblique  parallel  fibres  running  from  one  vertebra  to  the  other. 
Horizontal  fibres  are  also  found.  The  axial  or  central  part  of  the  disc  is  elastic, 
soft,  and  pulpy  (nucleus  pulposus).^ 

The  upper  and  lower  surfaces  of  the  disc  are  closely  adherent  to  the  adjoining 


Three  slips  of  the 
stellate  ligament 


Fig.  199. — Anterior  Common  Ligament  of  the  Vertebral  Column,  and  the  Costo-vertebhal 

Joints  as  seen  from  the  Front. 

epiphyseal  plates  of  the  vertebral  bodies,  and  as  ossification  advances,  the  distinc- 
tion between  epiphyseal  plates  and  vertebral  body  disappears. 

As  a  rule  the  transverse  diameter  of  the  disc  corresponds  to  tliat  of  the  verte- 
bral bodies  which  it  joins  together ;  but  in  the  cervical  region,  where  the  lower 

1  This  pulpy  substance  Joes  not  present  a  joint  cavity,  but  in  certain  cases  it  is  more  or  less  divided 
by  fissures  which  occupy  a  transverse  horizontal  direction, 
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margin  of  the  superimposed  vertebra  is  overlapped  on  each  side  by  the  one  which 
bears  it,  the  disc  does  not  extend  to  the  extreme  lateral  margin,  and  in  this  position 
a  small  diarthrosis  may  be  seen  at  each  lateral  margin  of  the  disc. 

The  anterior  common  ligament  (lig.  longitudinale  anterius,  Fig.  199)  consists 
of  a  wide  stratum  of  longitudinal  fibres  which  extends  from  the  front  of  the  axis 
vertebra  to  the  front  of  the  upper  segment  of  the  sacrum,  and  becomes  gradually 
wider  from  above  downwards.  It  lies  in  front  of  the  intervertebral  discs,  to  which 
it  is  firmly  attached  as  it  passes  from  one  vertebra  to  the  other.  Its  fibres  vary  in 
length.  Some  are  attached  to  contiguous  margins  of  two  adjoining  vertebrae ; 
others  pass  in  front  of  one  vertebra  to  be  attached  to  the  next  below,  and  yet 
others  find  their  lower  attachment  three  or  four  vertebra)  below  the  one  from  which 
they  started.  None  of  the  fibres  are  attached  to  the  transverse  depression  on  the 
front  of  a  vertebral  body. 

The  posterior  common  ligament  (lig.  longitudinale  posterius.  Fig.  200)  is  found 
within  the  spinal  canal  upon  the  posterior  aspect  of  the  vertebral  bodies.  It  con- 
sists of  longitudinal  fibres,  and  it  extends  from 
the  back  of  the  sacrum  to  the  axis  vertebra,  superior 
to  which  it  is  continued  to  the  skull  as  the  posterior 
Qccipito-axial  ligament.  Opposite  each  interverte- 
.bral  disc  it  is  attached  to  the  entire  width  of  the 
adjacent  margins  of  the  two  vertebral  bodies,  its 
fibres  being  continued  over  the  posterior  surface  of 
the  disc.  In  the  lumbar  and  dorsal  regions,  the 
width  of  the  ligament  is  considerably  reduced 
opposite  the  back  of  each  vertebral  body,  and  thus 
it  forms  a  series  of  dentate  projections  along  both 
of  its  margins ;  but  in  the  cervical  region  the 
width  of  the  ligament  is  more  uniform. 

One  or  two  large  thin-walled  veins  escape  from 
the  body  of  each  vertebri  under  cover  of  this  liga- 
ment. 

Interneural  Articulations. — The  neural  arch 
of  each  typical  vertebra  carries  two  pairs  of 
articular  processes,  by  means  of  which  it  articu- 
lates with  adjacent  neural  arches.  The  articu- 
lations between  these  processes  are  true  diarthroses 
of  the  arthrodial  variety. 

The  distinctive  characters  of  these  articular  sur- 
faces, as  regards  their  shape  and'  direction  in  the  different  groups  of  vertebrae,  have 
been  referred  to  in  the  section  on  osteology. 

All  these  articulations  are  provided  with  complete  but  very  thin-walled  cap- 
sules (capsulae  articulares),  which  are  thinnest  and  loosest  in  the  cervical  region, 
where  also  the  movements  are  freest.  Each  capsule  is  lined  by  a  synovial 
membrane. 

Associated  with  these  interneural  joints  are  certain  ligaments  which  are 
accessory  to  the  articulations,  although  they  are  quite  distinct  from  the  capsule. 

The  laminae  of  adjoining  vertebrae  are  bound  together  by  the  ligamenta  subflava 
(ligamenta  flava  vel  subflava.  Fig.  201),  which  consist  of  yellow  elastic  fibres.  The 
ligamenta  subflava  close  the  spinal  canal  in  the  intervals  between  the  laminae. 
Each  ligament  is  attached  superiorly  to  the  anterior  aspect  of  one  lamina  at  a 
short  distance  above  its  lower  border,  and  inferiorly  it  is  attached  to  the  posterior 
aspect  of  the  subjacent  lamina. 

In  the  dorsal  region,  where  the  imbrication  of  adjoining  laminae  is  a  prominent 
feature,  these  ligaments  are  not  so  distinctly  visible  from  behind  as  they  are  in  the 
regions  where  imbrication  of  the  laminae  is  not  so  marked. 

Laterally  they  extend  as  far  as  the  articular  capsules,  while  mesially  the  margins 
of  the  ligaments  of  opposite  sides  meet  under  cover  of  the  root  of  the  spinous  process. 

Contiguous  pairs  of  spinous  processes  are  also  attached  to  each  other  by  inter- 
spinous  ligaments  (ligamenta  interspinalia,  Fig.  198).    These  are  strongest  in  the 


Fig.  200. — Posterior  Common  Ligament 
OP  THE  Vertebral  Column. 
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201. — LiGAMENTA  SUBFLAVA  AS  SEEN  FROM  THE  FkONT  AFTER  RE- 
MOVAL OF  THE  Bodies  of  the  Vertebra  by  sawing  through  the 
Pedicles. 


lumbar,  and  weakest  in  the  dorsal  region.  Each  consists  of  layers  of  obliquely 
interlacing  fibres  which  spring  from  near  the  tips  of  the  two  adjacent  spines  and 

radiate  to  their  opposing 
margins.  In  the  antero- 
posteiior  direction  they 
extend  from  the  base  to 
the  tip  of  the  spinous 
process. 

The  supraspinous  liga- 
ments (ligg-  supra- 
spinalia,Fig.  198)  consist 
of  longitudinal  bands  of 
fibres  of  varying  lengths. 
They  extend  from  spine 
to  spine,  being  attached  to 
their  tips,and  are  situated 
superficial  to,  although 
in  continuity  with,  the 
interspinous  ligaments. 

In  the  cervical  region 
this  series  of  ligaments 
is  extensively  developed, 
where  they  project  back- 
wards from  the  spinous 
processes  between  the 
muscles  of  the  two  sides 
of  the  neck  in  the  form 
of  an  elastic  partition 
called  the  ligamentum 
nuchse. 

The  antero-posterior  extent  of  the  ligamentum  nuchte  increases  as  it  approaches 
the  occiput,  where  it  is  attached  to  the  occipital  crest  from  the  external  occipital 
protuberance  to  the  posterior  border  of  the  foramen  magnum.  Its  posterior  margin 
is  free,  and  extends  from  the  external  occipital  protuberance  to  the  spine  of  the 
vertebra  prominens. 

Between  the  transverse  processes  there  are  intertransverse  ligaments  (ligg.  inter- 
transversaria),  which  consist  of  vertical  fibres  extending  from  the  postero-inferior 
aspect  of  one  transverse  process  to  the  superior  margin  of  that  next  below.  These 
ligaments  are  generally  absent  from  the  cervical  and  upper  dorsal  regions. 

Sacro-coccygeal  Joint. — The  last  piece  of  the  sacrum  is  joined  to  the  first 
piece  of  the  coccyx  by  an  intervertebral  disc,  and "  the  junction  is  rendered 
more  secure  by  the  presence  of  certain  strong  ligaments.  An  anterior  ligament 
(lig.  sacro-coccygeum  anterius),  continuous  with  the  anterior  common  ligament,  is 
placed  in  front.  A  posterior  ligament  (lig.  sacro-coccygeum  posterius),  which 
stretches  downwards  from  the  sharp  border  of  the  lower  opening  of  the  sacral 
canal,  strengthens  the  joint  behind.  A  lateral  ligament  (lig.  sacro-coccygeum 
laterale)  supports  the  joint  on  each  side,  whilst  strong  bands  pass  between  the 
cornua  of  the  two  bones  and  constitute  the  interarticular  ligaments. 

Inter-coccygeal  Joints. — So  long  as  they  remain  separate,  the  different  pieces 
of  the  coccyx  are  joined  by  intervertebral  discs  and  by  anterior  and  posterior  liga- 
ments. 

Movements  of  the  Vertebral  Column. — Although  the  amount  of  movement  permis.sibk' 
between  any  two  verteLrje  is  extremely  limited,  yet  the  total  range  of  movement  capable  of 
being  attained  by  the  entire  vertebral  column  is  very  considerable. 

Flexion  may  occur  both  forwards  and  backwards  at  the  intercentral  articulations,  but  more 
freely  in  the  lumbar  and  cervical  regions  than  in  the  dorsal  region,  where  the  limited  amount  of 
intervertebral  disc  and  the  imbrication  of  the  lamiiiie  and  sjnnes  restrict  the  movement.  Back- 
ward flexion  is  most  pronounced  in  the  cervical  region,  and  forward  flexion  in  the  lumbar  regiou. 
Between  the  articular  surfaces  of  the  interneural  articulations  a  variety  of  movements  are  jier- 
raitted,  dependent  upon  the  directions  of  these  surfaces. 
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Thus  lateral  flexion  is  permitted  in  the  lumbar,  but  not  in  the  cervical  or  dorsal  regions. 
Again,  in  the  lumbar  region  rotation  does  not  occur,  owing  to  the  shape  of  the  articular  processes, 
while  it  is  possible  in  the  dorsal  region.  In  the  cervical  region  the  shape  and  position  of  the 
articular  surfaces  prevent  the  occurrence  both  of  lateral  flexion  and  of  rotation  as  isolated  move- 
ments, but  a  combination  of  these  two  movements  may  take  place,  Avhereby  rotatory  movement 
in  an  oblique  median  axis  results.  Finally,  in  the  lumbar  region,  by  combining  the  four  forms 
of  flexion,  viz.  forward,  backward,  and  lateral,  a  certain  amount  of  circumduction  is  possible. 


Articulation  of  Atlas  with  Axis. 

Between  these  two  vertebrae  three  diarthroses  occur.  Two  of  them  are 
situated  laterally  in  relation  to  the  articular  processes,  and  are  called  arthrodial 
diarthroses,  because  of  the  flattened  nature  of  the  articulating  surfaces.  The  third 
articulation  is  mesial  in  position.  It  is  found  between  the  smooth  anterior  surface 
of  the  odontoid  process  of  the  axis  and  the  articular  facet  on  the  posterior  aspect  of 
the  anterior  arch  of  the  atlas.    This  joint  is  a  rotatory  diarthrosis. 

Ligaments. — Each  of  the  joints  is  furnished  with  a  capsular  ligament  whereby 
the  joint  cavity  is  circumscribed.  In  the  case  of  the  lateral  articulations,  each 
capsular  ligament  presents  a  distinct  band,  named  the  accessory  ligament,  which  is 


Membrana  tectoria 


Basi-occipital  bone 


Anterior  occipito-atloid  ligament 
Ligameutum  apicis  dentis 

Synovial  cavity. 

Odontoid  process 
Anterior  arch  of  atlas 

Transverse  ligament  of  atlas 


Inferior  crus  of  crucial  ligament 
Rudimentary  intervertebral  disc 


Body  of  axis 


Superior  crus  of  crucial  ligament 

Synovial  cavity 

Posterior  occipito-atloid 
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Posterior  common  ligament 
Posterior  arch  of  atlas 


^pme  of  axis 


Fig.  202. — Mesial  Section  through  the  Occipito-atloid  and  Atlo-axoid  Joints. 
< 

situated  within  the  neural  canal  (Fig.  203),  and  passes  downwards  and  inwards 
from  the  lateral  mass  of  the  atlas  to  the  superior  aspect  of  the  body  of  the  axis. 

The  following  additional  ligaments  constitute  the  leading  bonds  of  union : — 

The  anterior  atlo-axoid  ligament  (Fig.  202)  is  a  membranous  structure  which  is 
thin  laterally,  but  strong  mesially  where  it  is  thickened  by  a  prolongation  of  the 
anterior  common  ligament.  It  extends  from  the  anterior  arch  of  the  atlas  to  the 
front  of  the  body  of  the  axis. 

The  posterior  atlo-axoid  ligament  (Fig.  202)  occupies  the  position  which  is 
elsewhere  taken  by  the  ligamenta  subflava.  It  extends  from  the  posterior  arch 
of  the  atlas  to  the  upper  border  of  the  neural  arch  of  the  axis. 

The  transverse  ligament  of  the  atlas  (lig.  transversum  atlantis,  Figs.  202  and 
203)  is  a  strong  band,  placed  transversely,  which  arches  backwards  behind  the 
neck  of  the  odontoid  process  of  the  axis.  By  its  extremities  it  is  attached  to  the 
tubercle  on  the  inner  aspect  of  each  lateral  mass  of  the  atlas.  A  thin  plate  of 
fibro-cartilage  is  developed  in  its  central  part. 

Synovial  membrane  lines  each  of  the  three  capsular  Ligaments,  and  in  addition  a 
synovial  sac  is  developed  between  the  odontoid  process  and  the  transverse  ligament. 
This  is  more  extensive  than  the  synovial  cavity  between  the  odontoid  process  and 
the  atlas. 
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Articulation  of  Spine  with  Cranium. 

There  are  two  articulations  between  the  atlas  and  the  occiput.  Each  is  a 
diarthrosis  in  which  movement  takes  place  in  relation  to  two  axes,  viz.  the 
transverse  and  the  antero-posterior.  The  condyle  of  the  occiput  being  biconvex, 
fits  into  the  biconcave  superior  articular  surface  of  the  atlas,  while  the  long  axes  of 
the  two  joints  are  directed  horizontally  forwards  and  inwards. 

Ligaments. — Each  articulation  is  provided  with  a  capsular  ligament  which  is 
thin  but  complete.  It  is  attached  to  the  rough  non-articular  surfaces  surrounding 
the  articular  areas  on  the  atlas  and  occiput. 

The  following  supplementary  ligaments  are  the  chief  structures  which  bind  the 
atlas  to  the  occiput : —  . 

The  anterior  occipito-atloid  ligament  (membrana  atlanto-occipitalis  anterior, 
Fig.  202)  is  a  strong  although  thin  membrane,  attached  inferiorly  to  the  anterior 
arch  of  the  atlas,  and  superiorly  to  the  anterior  half  of  the  circuuiference  of  the 
foramen  magnum.  Laterally  it  is  in  continuity  with  the  capsular  ligaments,  while 
in  the  mesial  plane,  where  it  extends  from  the  anterior  tubercle  of  the  atlas  to  the 
basi-occiput,  it  presents  a  specially  well-defined  thickened  band  which  might  be 
regarded  as  a  separate  accessory  ligament  or  as  the  beginning  of  the  anterior 
common  ligament  of  the  vertebrae. 

The  posterior  occipito-atloid  ligament  (membrana  atlanto-occipitalis  posterior. 
Fig.  202)  is  another  distinct  but  still  thin  membrane  which  is  attached  superiorly 
to  the  posterior  half  of  the  circumference  of  the  foramen  magnum,  and  inferiorly  to 
the  upper  border  of  the  posterior  arch  of  the  atlas.  Laterally  it  also  is  continuous 
with  the  capsular  ligaments.  On  each  side  of  the  mesial  plane  its  inferior  border 
is  arched  in  relation  to  the  vertebral  groove,  and  is  therefore  to  some  extent  free, 
in  order  to  permit  the  passage  of  the  posterior  primary  division  of  the  first  cervical 
nerve  and  the  vertebral  artery.  Not  infrequently  this  arched  border  becomes 
ossified,  thus  converting  the  groove  in  the  bone  into  a  foramen. 

Synovial  membrane  lines  each  of  the  capsular  ligaments.  There  is  no  direct 
articulation  between  the  axis  and  the  occiput,  but  union  between  them  is  effected 
by  means  of  the  following  accessory  ligaments. 

The  posterior  occipito-axoid  ligament  (membrana  tectoria.  Fig.  203)  is  situated 
within  the  neural  canal,  and  is  usually  regarded  as  the  upward  continuation  of  the 
posterior  common  ligament  of  the  vertebral  bodies.    It  extends  from  the  posterior 


Fig.  203.— Dissection  from  behind  op  the  Ligaments  connecting  the  Occipital  Bonh,  the  Atlas, 

AND  THE  Axis  with  each  other. 


surface  of  the  body  of  the  axis  to  the  basilar  groove  on  the  upper  surface  of  the 
basi-occipital  bone,  spreading  laterally  on  the  circumference  of  the  foramen 
magnum.  Some  of  its  deepest  fibres  are  attached  to  the  atlas  immediately  above 
the  atlo-axoid  articulation. 
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Subjacent  to  the  preceding  ligament  there  is  the  ligamentum  cruciatum  atlantis 
(Fig.  203),  a  structure  which  is  very  closely  associated  with  the  lig.  transversuni 
atlantis.  It  consists  of  a  crus  transversum,  formed  by  the  superficial  fibres  of 
the  transverse  ligament  of  the  atlas ;  a  crus  mferius,  consisting  of  mesial  longi- 
tudinal fibres  which  are  attached  below  to  the  posterior  surface  of  the  body  of  the 
axis,  and  above  to  the  crus  transversum  and  a  crus  superius,  also  mesial  and 
longitudinal,  whose  fibres  extend  from  the  crus  transversum  upwards  to  the 
posterior  surface  of  the  basi-occiput,  immediately  subjacent  to  the  posterior 
occipito-axoid  ligament. 

The  check  ligaments  or  lateral  odontoid  ligaments  (ligamenta  alaria,  Fig.  203)  are 
two  very  powerful,  short,  and  somewhat  rounded  bands.  They  are  attached  mesially 
to  the  sides  of  the  summit  of  the  odontoid  process,  and  laterally  to  the  tubercle 
on  the  inner  aspect  of  the  condylar  portions  of  the  occipital  bone,  viz.  the  ex- 
occipital  bones. 

The  middle  odontoid  ligament  (ligamentum  apicis  dentis.  Fig.  203)  consists  of 
fibres  running  vertically  upwards  from  the  apex  of  the  odontoid  process  to  the 
mesial  part  of  the  anterior  margin  of  the  foramen  magnum.  This  ligament 
to  some  extent  represents  an  intervertebral  disc,  in  the  centre  of  which,  remains  of 
the  notochord  may  be  regarded  as  present. 

Even  in  advanced  life  a  small  lenticular  mass  of  cartilage,  completely  sur- 
rounded by  bone,  persists  in  the  plane  of  fusion  between  the  odontoid  process  and 
the  body  of  the  axis. 

Movements  at  these  Joints. — At  the  joints  between  occiput  and  atlas  the  movements  are 
very  simple,  and  consist  essentially  of  movements  whereby  the  head  is  elevated  and  dejjressed 
iipon  the  vertebral  column  (nodding  movements).  In  addition  a  certain  amount  of  oblique 
movement  is  possible,  during  which  great  stability  is  attained  by  resting  the  front  and  hinder 
parts  of  opposite  condyles  upon  corresjjonding  parts  of  the  atlas. 

The  head  and  the  atlas  rotate  together  upon  the  axis,  the  pivot  of  rotation  being  the  odontoid 
process,  and  the  amount  of  rotation  is  limited  by  the  check  ligaments.  No  rotation  can  occur 
between  the  occiput  and  atlas,  and 
stability  between  atlas  and  axis  is 
best  attained  after  a  slight  amount 
of  rotation,  similar  to  the  oblique 
movement  between  occiput  and 
atlas. 

TEMPORO-MANDIBULAR 
JOINT. 

This  joint  is  an  arthrodi^l 
diarthrosis.  It  occurs  between 
the  articular  part  of  the  glenoid 
fossa  of  the  temporal  bone  and 
the  condylar  head  of  the 
mandible.  These  two  articular 
surfaces  are  markedly  dissimilar 
both  in  size  and  shape.  In  its 
general  outline  the  articular 
surface  of  the  head  of  the 
mandible  is  cylindrical,  having 
its  long  axis  directed  from 
within  outwards  and  forwards. 
On  the  other  hand,  the  articular 
part  of  the  glenoid  fossa  in 
front  of  the  Glaserian  fissure 
is  concavo-convex  from  behind 
forwards.  Its  articular  surface  includes  the  eminentia  articularis,  the  eminence  at 
the  base  of  the  anterior  root  of  the  zygoma.  The  articular  surfaces  of  the  bones 
are  clothed  by  hyaline  encrusting  cartilage,  whilst  the  joint  cavity  is  divided  into 
an  upper  and  lower  part  by  a  meniscus  of  fibro-cartilage. 

Ligaments. — The  joint  is  invested  by  a  capsular  ligament  which  is  quite  com- 


PiG.  204. — Temporo-Mandibular  Joint. 
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Emenentia  articularis 


Fig.  205. — Section  through  the  Temporo- 
mandibular Joint. 


plete,  but  is  very  thiu  on  the  inner  side.    The  outer  wall  of  the  capsule — the 
external  lateral  ligament  (lig.  temporo-mandibulare,  Fig.  204) — is  divisible  into 
anterior  and  posterior  portions  which  are  attached  superiorly  to  the  root  tubercle 
-g  and  lower  border   of  the  zygoma,  and 

inferiorly  to  the  outer  side  and  posterior 
border  of  the  neck  of  the  mandible.  The 
direction  of  its  fibres  is  downwards  and 
backwards. 

Within  the  capsule  there  is  an  inter- 
articular  disc  or  meniscus  of  fibro-cartilage, 
the  discus  articularis  (Fig.  205),  which  is 
moulded  upon  the  condyle  of  the  mandible 
below,  and  on  the  articular  surface  of  the 
temporal  bone  above.  It  thus  compensates 
for  the  incongruity  between  the  articular 
surfaces  of  the  two  bones.  The  disc  is 
attached  circumferentially  to  the  capsule. 
It  is  widest  in  the  transverse  direction, 
thicker  behind  than  in  front,  and  thinnest 
towards  the  centre,  where  it  may  be  per- 
forated. Its  anterior  margin  is  intimately  associated  with  the  insertion  of  the 
external  pterygoid  muscle. 

A  synovial  membrane  lines  each  of  the  compartments  into  which  the  joint 
cavity  is  divided  by  the  meniscus.  As  a  rule  these  membranes  are  separate  from 
each  other,  but  they  become  continuous  when  the  disc  is  perforated.  The  upper 
synovial  membrane  is  larger  and  more  loosely  disposed  than  the  lower. 

Situated  on  the  mesial  aspect  of  the  joint,  but  at  a  short  distance  from  it,  and 
quite  distinct  from  the  capsule,  there  is  an  accessory  ligament  called  the  internal 
lateral  ligament  (lig.  spheno-mandi- 
bulare,  Fig.  206).  Superiorly  it  is 
attached  to  the  spinous  process  of  the 
great  wing  of  the  sphenoid  bone,  and 
inferiorly  to  the  lower  as  well  as  the 
hinder  border  or  lingula  of  the 
inferior  dental  foramen.  It  is  not  an 
articular  ligament  in  the  true  sense, 
for  instead  of  being  connected  with 
the  joint,  it  is  developed  in  the 
tissue  surrounding  part  of  Meckel's 

cartilage.  I^^ANDIBLE  '  Stylo-maiidibular 

.'^^J'  ligament 

Portions  of  the  following  structures  are 
found  ill  the  interval  between  the  spheno- 
inandibular  ligament  and  the  ascending 
ramus  of  the  mandible — viz.  the  external 
pterygoid  muscle ;  internal  maxillary  vessels ;  inferior  dental  vessels  and  nerve ;  middle 
meningeal  vessels ;  auriculo-temporal  nerve  ;  a  deep  portion  of  the  parotid  gland. 

Movements  of  the  Mandible. — The  nature  of  the  movements  which  the  lower  jaw  can 
perform  is  determined  jiartly  Ijy  the  character  of  the  articular  surfaces  of  the  temporo-mandibular 
joint,  and  partly  by  the  fact  that,  while  the  two  joints  always  act  simultaneously,  they  may 
also,  to  some  extent,  perform  the  same  movement  alternately. 

When  movement  takes  place  through  the  long  or  transverse  horizontal  axis  of  each  joint, 
the  mandible  may  be  elevated,  as  in  clenching  tlie  teeth,  or  it  may  be  depressed,  as  in  gaping. 
In  the  latter  movement  the  condyle  leaves  the  glenoid  fossa,  and,  along  with  the  meniscus,  it 
moves  forwards  until  they  rest  uj^on  the  articular  eminence.  Meantime  the  chin  describes  the 
arc  of  a  circle,  of  which  the  centre  or  point  of  least  movement  corresponds  to  the  position  of  the 
inferior  dental  foramen,  and  thus  the  structures  which  enter  at  that  foramen  are  protected 
against  stretching.  Coincidently  with  the  forward  movement  of  the  condyle,  it  glides  in  a 
revolving  manner  upon  the  inferior  aspect  of  the  meniscus. 

At  any  stage  in  the  movement  of  depressing  the  chin  the  mandible  may  be  protruded,  so 
that  the  inferior  incisor  teeth  are  projected  in  front  of  the  upjier  set,  a  movement  which  results 
from  the  condyles  of  the  jaw  being  drawn  forwards  upon  the  articular  emiueuces.    A  similar 


Splieno-nianilibular 
or  internal  lateral^^/ 
liL'ainont 


Fig.  206. — Internal  Lateral  Ligament  of  the 
Temporo-Maxillary  Joint. 


THE  JOINTS  OF  THE  THOKAX. 


261 


relation  of  the  condyle  to  the  articular  eminence  occurs  during  the  exaggerated  depression  of 
the  mandible  which  results  from  yawning,  in  which  position  the  articulation  is  liable  to  be 
dislocated.  When  the  two  joints  perform  the  same  movement  alternately,  a  certain  amount  of 
lateral  motion  results,  from  the  fact  that  the  long  axis  of  each  joint  presents  a  slight  obliquity 
to  the  transverse  axis  of  the  skull,  and  consequently  a  grinding  or  oblique  movement  in  the 
horizontal  plane  is  produced.  Excessive  depression,  with  the  risk  of  dislocation,  is  resisted  by 
the  fibres  of  the  external  lateral  ligament  which  becomes  tense. 

In  all  movements  of  the  mandible  the  meniscus  conforms  closely  to  the  position  of  the  con- 
dyle, and  they  move  forwards  and  backwards  together,  but  at  the  same  time  the  meniscus  does 
not  restrict  the  movements  of  the  condyle.  Thus  while  the  meniscus,  along  with  the  condyle,  is 
gliding  upon  the  temporal  aspect  of  the  joint,  the  condyle  itself  revolves  upon  the  inferior 
surface  of  the  meniscus. 

Ceanial  Ligaments  not  directly  associated  with  Articulations. 

The  stylo-mandibular  ligament  (lig.  stylo-mandibulare,  Figs.  204  and  206)  is  a 
specialised  portion  of  the  deep  cervical  fascia  which  extends  from  the  anterior  aspect 
of  the  tip  of  the  styloid  process  of  the  temporal  bone  to  the  posterior  border  of  the 
angle  of  the  mandible,  between  the  insertions  of  the  masseter  and  internal  pterygoid 
muscles. 

The  pterygo- spinous  ligament  (lig.  pterygo-spinosum)  is  a  membrane  extending 
from  the  upper  part  of  the  posterior  free  margin  of  the  external  pterygoid  plate, 
backwards  and  slightly  outwards,  to  the  spinous  process  of  the  sphenoid.  An 
interval  is  left  between  its  upper  border  and  the  floor  of  the  skull  for  the  outward 
passage  of  those  branches  of  the  inferior  maxillary  nerve  which  supply  the 
external  pterygoid,  temporal,  and  masseter  muscles.  This  ligament  has  a  tendency 
to  ossify  either  wholly  or  partially. 

The  stylo-hyoid  ligament  (lig.  stylo-hyoideum),  may  be  regarded  as  the  down- 
ward continuation  of  the  styloid  process  of  the  temporal  bone.  Inferiorly  it  is 
attached  to  the  lesser  cornu  of  the  hyoid  bone.  It  is  not  infrequently  ossified,  in 
which  case  it  constitutes  the  epihyal  bone  found  in  many  animals. 
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Oosto-vertebral  articulations  (articulationes  costo-vertebrales).  The  typical 
rib  articulates  with  the  vertebral  column  both  by  its  head  and  by  its  tubercle. 
Thus,  two  sets  of  articulations,  with  their  associated  ligaments,  exist  between  the 
ribs  and  the  vertebrte,  but  each  set  is  constructed  upon  a  common  plan,  with  the 
exception  of  certain  joints  situated  at  the  upper  and  lower  ends  of  the  series,  where 
the  ribs  themselves  deviate  from  the  typical  form. 

Costo-Central  Joints. 

The  articulations  of  the  heads  of  the  ribs  with  the  centra  or  bodies  of 
the  vertebriB  (articulationes  capitulorum.  Fig.  199)  are  all  diarthroses,  which,  from 
their  somewhat  hinge-like  action,  may  be  classed  as  ginglymoid. 

The  head  of  every  typical  rib  is  wedge-shaped,  and  presents  two  articular 
facets,  an  upper  and  a  lower,  separated  from  each  other  by  an  antero-posterior 
ridge  which  abuts  against  an  intervertebral  disc,  while  the  articular  facets  articu- 
late with  similar  surfaces  on  the  contiguoi;s  margins  of  the  two  vertebrse  adjoining 
the  disc.  These  surfaces  form  a  wedge-shaped  depression  or  cup,  the  bottom  of 
which  is  more  elastic  than  the  sides,  and  thus  an  arrangement  is  provided  which 
tends  to  reduce  the  shock  of  blows  upon  the  walls  of  the  chest. 

Each  of  these  articulations  is  provided  with  a  capsular  ligament  which 
surrounds  and  encloses  the  joint,  and  is  attached  to  contiguous  non-articular 
margins  on  the  head  of  the  rib  and  the  two  vertebral  bodies.  On  its  anterior  or 
ventral  aspect  the  capsule  presents  three  radiating  fasciculi  which  collectively  form 
the  stellate  or  anterior  costo-vertebral  ligament  (lig.  capituli  costai  radiatum,  Fig. 
199).  These  fasciculi  radiate  from  a  centre  on  the  front  of  the  head  of  the  rib,  so 
that  the  middle  fasciculus  becomes  attached  to  the  intervertebral  disc,  while 


262 


THE  ARTICULATIONS  OE  JOINTS. 


the  upper  and  lower  fasciculi  proceed  to  the  adjacent  margins  of  the  two  vertebrae 
between  which  the  disc  is  situated,  and  with  which  the  rib  articulates.  To  a  slight 
extent  these  radiating  fasciculi  pass  under  cover  of  the  lateral  margin  of  the  anterior 
common  ligament  of  the  vertebral  bodies.  In  those  joints  in  which  the  head  of 
the  rib  does  not  articulate  with  an  intervertebral  disc,  the  central  fasciculus  of 
the  stellate  ligament  is  wanting,  but  the  other  two  retain  the  same  general 
arrangement. 

The  interarticular  ligament  (lig.  capituli  costse  interarticulare)  consists  of  short 
transverse  fibres  within  the  capsule.  These  are  attached,  on  the  one  hand,  to 
the  ridge  which  intervenes  between  the  two  facets  on  the  head  of  the  rib,  and 
on  the  other  to  the  lateral  aspect  of  the  interverteljral  disc.  This  ligament 
is  not  a  meniscus,  but  merely  an  interarticular  ligament,  of  width  sufficient 
to  divide  the  joint  cavity  into  an  upper  and  a  lower  compartment.  It  is  absent 
from  those  joints  which  do  not  articulate  with  an  intervertebral  disc,  i.e.  from 
those  ribs  which  only  articulate  with  the  body  of  one  vertebra. 

The  interarticular  ligament  is  suiiposed  to  represent  the  outer  end  of  a  ligament  which, 
under  the  name  of  the  lig.  conjugale  costarum,  connects  the  heads  of  tlie  rihs  of  certain  mammals 
across  the  posterior  aspect  of  the  intervertebral  disc,  and  wliicli,  in  the  human  subject,  until  tlie 
seventh  month  of  foetal  life,  connects  the  posterior  aspects  of  the  necks  of  a  pair  of  ribs  across  the 
mesial  plane. 

Synovial  membrane  lines  each  joint  cavity,  and  therefore,  in  all  cases  whei'e  the 
joint  is  divided  into  two  compartments,  each  one  has  its  own  synovial  membrane. 

Costo-Teansverse  Joints. 

The  tubercle  of  each  typical  rib  articulates  with  the  transverse  process  of  the 
lower  of  the  two  dorsal  vertebr<E  with  which  the  head  of  the  rib  is  associated 
(articulatio  costo-transversaria).  Near  the  tip  of  the  transverse  process  there  is 
an  articular  facet,  on  its  anterior  aspect,  for  articulation  with  the  corresponding 
facet  on  the  mesial  articular  part  of  the  rib  tubercle.  The  joint  so  formed  is  an 
arthrodial  diarthrosis. 

The  joint  cavity  is  surrounded  by  a  comparatively  feeble  capsular  ligament, 
which  is  attached  immediately  beyond  the  margins  of  the  articular  facets,  and  in 
which  no  special  l)ands  can  be  distinguished. 

A  simple  synovial  membrane  lines  the  capsular  Hgament  in  all  cases  where  the 
latter  is  present. 

The  following  accessory  ligaments,  in  connexion  with  this  joint,  strengthen  and 
support  the  articulation  : — 

The  anterior  or  superior  costo-transverse  ligament  (ligamentum  costo-transver- 
sarium  anterius.  Fig.  199)  consists  of  strong  bands  of  fibres  which  are  attached  to 
the  upper  border  of  the  neck  of  the  rib,  extending  from  the  head  outwards  to  the 
non-articular  part  of  the  tubercle.  All  these  fibres^may  be  traced  upwards.  Those 
situated  nearest  to  the  head  of  the  rib  proceed  obliquely  upwards  and  outwards,  to 
be  attached  to  the  transverse  process  immediately  above,  but  with  extensions  to  the 
adjoining  rib  and  its  costo-transverse  capsular  ligament.  Others  proceed  almost 
vertically  upwards  to  the  adjoining  transverse  process,  while  those  which  ascend 
from  the  upper  surface  of  the  tubercle  pass  obliquely  upwards  and  inwards  to  reach 
the  postero-inferior  aspect  of  the  adjoining  transverse  process. 

The  posterior  costo-transverse  ligament  (ligamentum  costo-transversarium  pos- 
terius)  is  a  Imnd  of  transverse  fibres  applied  to  the  postero-external  aspect  of  the 
capsule.  By  one  end  these  fibres  are  attached  to  the  tip  of  the  transverse  process 
behind  its  articular  facet,  and  by  the  other  to  the  external  rough  surface  of  the 
tubercle  of  the  rib. 

The  middle  costo-transverse  ligament  (lig.  colli  costae)  consists  of  short  fibres 
which  stretch  from  the  posterior  aspect  of  the  neck  of  the  rib,  backwards  and  in- 
wards, to  the  front  of  the  transverse  process,  but,  in  addition,  a  proportion  of  the 
fibres  passes  to  the  posterior  aspect  of  the  inferior  articular  process  of  the  upper  of 
the  two  vertebrae  with  which  the  head  of  the  rib  articulates. 
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The  following  exceptions  to  the  general  plan  of  rib-articulation  indicated  above 
must  be  noted  : — 

1.  There  is  no  articulation  between  the  eleventh  and  twelfth  ribs  and  the 

transverse  processes  of  the  corresponding  vertebrte. 

2.  The  superior  costo- transverse  ligament  is  wanting  from  the  first  rib,  and  is 

either  rudimentary  or  wanting  in  the  case  of  the  twelfth  rib. 

3.  The  middle  costo-transverse  ligament  is  rudimentary  in  the  eleventh  and 

twelfth  ribs. 

The  ligamentum  lumbo-costale  extends  from  the  upper  surface  of  the  base  of  the 
transverse  process  of  the  first  lumbar  vertebra  to  the  under  surface  of  the  neck  of 
the  twelfth  rib,  as  well  as  to  the  under  surface  of  the  transverse  process  of  the 
twelfth  dorsal  vertebra. 

Articulations  between  the  Eibs  and  their  Cartilages. 

Each  rib  possesses  an  unossified  portion,  termed  its  costal  cartilage.  As  age 
advances,  this  cartilage  may  undergo  a  certain  amount  of  superficial  ossification, 
but  it  never  becomes  entirely  transformed.  The  line  of  demarcation  between 
bone  and  cartilage  is  clear  and  abrupt,  and  usually  the  bone  forms  an  oval  cup,  in 
which  the  end  of  the  cartilage  is  retained  by  means  of  the  continuity  which  exists 
between  the  periosteum  and  the  perichondrium.  There  is  no  articulation  in  the 
proper  sense  between  the  rib  and  its  cartilage,  although  a  synovial  cavity  has 
occasionally  been  found  between  the  first  rib  and  its  cartilage. 

Interchondral  Joints. 

These  articulations  are  arthrodial  diarthroses,  and  they  are  found  between  ad- 
joining margins  of  certain  of  the  costal  cartilages,  viz.  from  the  fifth  to  the  eighth 
or  ninth.  The  cartilages  which  thus  articulate  develop  flattened,  somewhat  conical, 
prolongations  of  their  substance,  and  thereby  the  intercostal  spaces  are  interrupted 
where  these  flat  articular  facets  abut  against  each  other.  Each  joint  is  closed 
by  a  surrounding  capsular  ligament,  the  superficial  and  deep  aspects  of  which  are 
specially  strengthened  by  external  and  internal  interchondral  ligaments.  These 
bands  extend  obliquely  between  adjacent  cartilages. 

A  synovial  membrane  lines  each  joint-capsule. 

Costo-sternal  Joints. 

The  upper  seven  pairs  of  costal  cartilages,  as  a  rule,  extend  to  the  lateral 
margins  of  the  sternum  (^rticulationes  sternocostales).  Of  these,  the  first  pair  is 
implanted  directly  upon  the  manubrium  sterni.  The  ossific  process  ends  abruptly 
in  connexion  with  the  rib,  and  also  ceases  as  suddenly  in  connexion  with  the 
sternum,  and  hence  the  cartilage  does  not  normally  present  an  articulation  at 
either  end. 

From  the  second  to  the  seventh  pairs  of  ribs  inclusive,  the  costo-sternal  joints 
are  constructed  upon  the  type  of  arthrodial  diarthroses,  although,  in  the  case  of 
the  sixth  and  seventh  cartilages,  the  joint-cavity  is  always  small,  and  is  frequently 
obliterated. 

The  sternal  end  of  each  of  these  costal  cartilages  presents  a  slight  antero-pos- 
terior  ridge  which  fits  into  a  shallow  V-shaped  depression  upon  the  lateral  margin 
of  the  sternum.  With  the  exception  of  the  sixth  cartilage,  the  others  articulate 
opposite  the  lines  of  union  between  the  primary  segments  of  the  sternum,  whereas 
the  sixth  articulates  upon  the  side  of  the  lowest  segment  of  the  meso-sternum. 

Each  joint  is  enclosed  by  a  capsular  ligament,  composed  of  fibrous  tissue,  attached 
to  the  adjacent  borders  of  the  articulating  elements.  Specially  strong  fibres  dis- 
tinguish the  superficial  and  deep  aspects  of  the  capsule. 

The  anterior  costo-sternal  ligament  (lig.  costo-sternalium  radiatum,  Fig.  207)  is 
composed  of  strong  fibres  which  radiate  from  the  anterior  surface  of  the  costal 
cartilage,  near  its  sternal  end,  to  the  front  of  the  sternum.  The  ligaments  of 
opposite  sides  interlace  with  each  other,  and  so  cover  the  front  of  the  sternum  with 
a  felted  membrane — the  membrana  sterni. 
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The  posterior  costo-sternal  ligament — also  a  part  of  the  capsule — has  attach- 
ments similar  to  the  foregoing,  but  the  arrangement  of  its  fibres  is  not  so  powerful. 

The  ligamentum  costo-xiphoidea  passes  from  the  front  of  the  upper  part  of  the 
xiphoid  cartilage,  obliquely  upwards  and  outwards  to  the  front  of  the  seventh,  and 
sometimes  to  the  front  of  the  sixth  costal  cartilage. 

Within  the  capsules  of  these  joints  interarticular  ligaments  (ligg.  sterno-costalia 
interarticularia,  Fig.  207)  may  be  found.  Their  disposition  is  somewhat  uncertain,  for 


Fig.  207. — Sterno-claviculab  and  Costo-sternal  Joints. 

whereas,  in  the  case  of  the  second  pair  of  cartilages,  they  invariably  divide  the  joint 
cavity  into  two  distinct  compartments — an  upper  and  a  lower — such  an  arrange- 
ment is  very  uncertain  in  the  other  joints,  and  they  occasionally,  especially  in  the 
cases  of  the  sixth  and  seventh  cartilages,  entirely  obliterate  the  joint  cavity.  These 
igaments  extend  horizontally  between  the  ends  of  the  costal  cartilages  and  the 
side  of  the  sternum. 

Synovial  membrane  is  found  wherever  a  joint  cavity  is  developed,  and  therefore 
there  may  be  one  or  two  synovial  membranes,  according  to  the  presence  or  absence 
of  a  proper  interarticular  Kgament.  When  the  joint  cavity  is  obliterated  by  the 
fibrous  structure  which  represents  the  interarticular  ligament,  a  synovial  membrane 
is  also  absent. 

Sternal  Articulations. 

Primarily  the  sternum  consists  of  an  elongated  plate  of  hyaline  cartilage,  which 
becomes  subdivided  into  segments  by  the  process  of  ossification. 

The  four  segments  of  which  the  gladiolus  is  originally  composed  unite  with 
each  other  after  the  manner  of  typical  synchondroses. 

Similarly  the  ensiform  cartilage  and  the  gladiolus  ultimately  become  united. 
It  is  not  usual  to  find  the  manubrio-gladiolar  joint  obliterated  by  the  ossification  of 
the  two  bony  segments.  Even  in  advanced  life  it  remains  open,  and  the  joint  par- 
takes of  the  nature  of  an  amphiarthrosis  (Fig.  207),  although  a  joint  cavity  is  not 
found  under  any  circumstances  in  the  plate  of  fibro  -  cartilage  which  intervenes 
between  the  manubrium  and  the  gladiolus. 

The  membrana  sterni,  to  which  reference  has  already  been  made,  assists  in 
strengthening  the  union  between  the  different  segments  of  the  sternum. 

Movements  of  the  Ribs  and  Sternum. — These  movements  may  be  considered  eitJier 
independently  of,  or  as  associated  with,  respiration. 

In  the  former  condition  the  ribs  move  in  connexion  "with  flexion  and  extension  of  the 
vertebral  column,  being  more  or  less  depressed  and  approximated  in  the  former,  and  elevated  or 
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pulled  ajiart  in  the  latter  case.  Considered  in  connexion  with  respiration,  it  is  necessary  to 
observe  that,  to  all  intents  and  purposes,  the  vertebral  column  and  the  sternum  are  rigid  structures. 
Next  we  must  remember  that  the  heads  of  all  the  ribs  occupy  fixed  positions,  and  similarly 
the  anterior  ends  of  seven  pairs  of  cartilages  are  fixed  to  the  lateral  margins  of  the  sternum. 
Tlie  ribs  thus  form  arches,  presenting  a  large  amount  of  obliquity  from  behind  forwards.  Tliere- 
fore,  during  inspiration,  when  the  rib  is  elevated,  the  arch  becomes  more  horizontal,  and  the 
transverse  diameter  of  the  chest  is  increased.  At  the  same  time,  the  anterior  ends  of  the  sternal 
ribs  tend  to  thrust  the  sternum  forwards  and  upwards  ;  but  the  nature  of  the  attachment  of  the 
first  pair  of  ribs  to  the  sternum,  as  well  as  the  attachment  of  the  diaphragm  to  the  ensiform 
cartilage,  prevents  this  movement  from  becoming  excessive,  and  hence  the  sternum  becomes  a  line 
of  resistance  to  the  forward  thrust  of  the  ribs.  As  a  consequence,  the  ribs  rotate  upon  themselves 
about  an  oblique  axis  which  jaasses  downwards,  outwards,  and  backwards  through  the  capitular 
joint  and  the  neck  of  the  rib  anterior  to  the  costo-transverse  joint. 

In  this  way  increase,  both  of  the  antero-posterior  and  transverse  diameters  of  the  thorax,  is 
provided  for,  although  the  amount  of  increase  is  not  equally  pronounced  in  all  planes.  Thus  at 
the  level  of  the  first  rib  very  little  eversion  is  possible,  because  the  axis  of  rotation  is  nearly 
transverse,  and  therefore  any  increase  in  the  transverse  or  antero-posterior  thoracic  diameters  at 
this  level  may  be  disregarded,  although  a  certain  amount  of  elevation  of  the  manubrium  sterni 
and  anterior  end  of  the  first  rib  is  evident. 

Below  the  level  of  the  sixth  rib  elevation  and  rotation  of  the  rib  during  inspiration  are 
usually  said  to  be  complicated  by  a  certain  amount  of  backward  movement,  due  to  the  character 
of  the  costo-transverse  joint,  until,  in  the  case  of  the  last  two  ribs,  which  are  destitute  of  costo- 
transverse joints,  a  movement  backwards  is  almost  entirely  substituted  for  elevation.  It  is 
probable,  however,  that  the  movements  of  the  asternal  ribs  exactly  correspond  to  those  of  the 
sternal  series,  and  that  by  the  contraction  of  the  costal  digitations  of  the  diaphragm  the 
anterior  ends  of  the  asternal  ribs  are  provided  with  fixed  positions  comparable  to  those  supplied 
by  the  sternum  to  the  ribs  of  the  sternal  series. 

We  may  therefore  say  that  during  inspiration  the  ribs  move  upwards  and  outwards  between 
their  fixed  ends,  while  as  a  whole  the  rib  rotates,  and  its  anterior  end  is  thrust  slightly  forwards. 

During  expiration  these  movements  are  simply  reversed. 

THE  ARTICULATIONS  OF  THE  SUPERIOR  EXTREMITY. 

The  bony  g-rch  formed  by  the  clavicle  and  scapula  articulates  directly  with  the 
axial  skeleton  only  at  one  point,  viz.  the  sterno-clavicular  joint. 

AETICULATIONS  OF  THE  CLAVICLE. 
The  Sterno-clavicular  Joint. 

The  sterno-clavicular  joint  (articulatio  sterno-clavicularis)  is  an  example  of  an 
arthrodial  diarthrosis.  The  articular  surfaces  concerned  in  its  formation  present  the 
following  appearances : — 

1.  The  sternal  end  of  theiclavicle  is  somewhat  triangular  in  outhne,  having  its 
most  prominent  angle  directed  downwards  and  backwards.  The  anterior  and 
posterior  sides  of  the  triangle  are  slightly  roughened  for  the  attachment  of 
ligaments,  while  the  base  or  inferior  side  is  smooth  and  rounded,  owing  to  the 
prolongation  of  the  articular  surface  to  the  inferior  aspect  of  the  bone.  In  the 
antero-posterior  direction  the  articular  surface  tends  to  be  concave,  while  vertically 
it  is  shghtly  convex. 

2.  An  articular  facet,  situated  on  the  superior  lateral  angle  of  the  manubrium 
sterni,  but  in  a  plane  slightly  behind  the  supra-sternal  notch,  articulates  with  the 
clavicle.  This  facet  is  considerably  smaller  than  the  clavicular  facet  with  which  it 
articulates. 

3.  The  superior  surface  of  the  first  costal  cartilage  close  to  the  sternum  also 
participates  to  a  small  extent  in  the  articulation. 

It  should  be  noted  that  the  articular  surfaces  of  the  clavicle  and  sternum  are 
covered  mainly  by  fibro-caitilage. 

A  capsular  ligament  is  well  marked  on  all  sides  except  inferiorly,  where  it  is 
very  thin. 

.  The  anterior  sterno-clavicular  ligament  (Fig.  207)  forms  part  of  the  capsule,  and 
consists  of  short  fibres  which  extend  obliquely  downwards  and  inwards  from  the 
anterior  aspect  of  the  sternal  end  of  the  clavicle  to  the  adjoining  anterior  surface 
of  the  sternum  and  the  anterior  border  of  the  first  costal  cartilage. 

The  posterior  sterno-clavicular  ligament  also  forms  part  of  the  capsule,  and 
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consists  of  similarly-disposed,  but  not  so  strong,  oblique  fibres  situated  on  the 
posterior  aspect  of  the  articulation. 

A  fibro-cartilaginous  meniscus  (discus  articularis,  Fig.  207)  divides  the  joint 
cavity  into  two  compartments.  It  is  nearly  circular  in  shape,  and  adapts  itself  to 
the  articular  surfaces  between  which  it  Hes.  It  is  thickest  at  the  circumference  and 
thinnest  at  the  centre,  where  it  occasionally  presents  a  perforation,  thereby 
permitting  the  two  synovial  cavities  to  intercommunicate.  By  its  circumference  it 
is  in  contact  with,  and  adherent  to,  the  surrounding  capsule,  but  its  upper  margin  is 
attached  to  the  apex  of  the  articular  surface  of  the  clavicle,  while  by  its  lower 
margin  it  is  fixed  to  the  sternal  end  of  the  first  costal  cartilage. 

Two  accessory  ligaments  are  associated  with  this  joint,  viz.  the  interclavicular 
and  the  rhomboid. 

The  interclavicular  ligament  (Fig.  207)  is  a  structure  of  considerable  strength, 
forming  a  l)road  band  of  fibrous  tissue  which  is  attached  to  the  superior  rounded  angle 
or  apex  of  the  sternal  end  of  the  clavicle  as  well  as  to  the  adjacent  margins  of  the 
articular  surface.  Its  fibres  pass  across  the  interclavicular  notch  to  become  attached 
to  corresponding  parts  of  the  opposite  clavicle,  but  in  their  course  they  dip  down  into 
the  supra-sternal  notch,  in  which  many  of  them  are  fixed  to  the  sternum.  In  this 
way  their  presence  neither  bridges  nor  obliterates  the  notch  between  the  two 
clavicles,  and  the  ligament  really  becomes  a  superior  sterno-clavicular  ligament  for 
each  joint. 

The  rhomboid  ligament  (lig.  costo-claviculare,  Fig.  207)  consists  of  short,  strong 
fibres  which  are  attached  inferiorly  to  the  upper  surface  of  the  first  costal  cartilage. 
They  pass  obhquely  upwards  and  outwards  to  a  rough  impression  situated  on  the 
lower  aspect  of  the  sternal  end  of  the  clavicle,  and  are  distinct  from  the  capsular 
ligament.    Occasionally  a  bursa  is  found  in  the  interior  of  this  ligament. 

As  a  rule,  there  are  two  synovial  membranes  lining  the  two  joint  cavities  (Fig. 
207),  separated  from  each  other  by  the  interarticular  meniscus.  Sometimes,  however, 
the  two  membranes  establish  continuity  through  a  perforation  in  the  meniscus. 

The  Acromio-clavicular  or  Scapulo-clavicular  Joint. 

The  acromio  -  clavicular  joint  (articulatio  acromio  -  clavicularis)  is  another 
instance  of  an  arthrodial  diarthrosis.  It  is  situated  between  the  acromial  end  of 
the  clavicle  and  the  inner  aspect  of  the  acromion  process  of  the  scapula.  Each 
articular  surface  is  an  oval,  flattened  facet,  covered  by  fibro-cartilage. 

The  ligaments  which  surround  this  small  joint  form  a  complete  capsule 
(capsula  articularis),  of  which  the  upper  and  lower  parts  are  specially  strong,  and 
are  therefore  named  the  superior  and  inferior  acromio-clavicular  ligaments  (Fig.  209). 
These  consist  of  short  fibres  passing  between  the  adjacent  rough  margins  of  the 
two  bones  in  the  positions  indicated  by  their  names. 

A  meniscus  (discus  articularis),  which  is  nearly  always  incomplete,  and  may 
occasionally  be  wanting,  is  usually  found  within  the  joint  cavity,  where  it  lies 
obliquely,  with  its  upper  margin  farther  from  the  mesial  plane  than  its  lower 
margin,  and  having  its  borders  attached  to  the  surrounding  capsule.  Frequently 
the  meniscus  is  wedge-shaped,  with  its  base  directed  upwards  and  its  apex  free. 

A  synovial  membrane  is  found  forming  either  a  single  or  a  double  sac,  according  to 
the  condition  of  the  meniscus.  Complete  division  of  the  joint  cavity,  however,  is  rare. 

Ligamentum  Coraco-claviculare. — Accessory  to  this  articulation  there  is  the 
strong  coraco-clavicular  ligament  which  binds  the  acromial  end  of  the  clavicle  to 
the  coracoid  process  of  the  scapula.  It  is  readily  divisible  into  two  parts,  viz.  the 
conoid  and  trapezoid  ligaments. 

The  conoid  ligament  (Fig.  209)  is  situated  internal  to  and  slightly  behind  the 
trapezoid.  It  is  narrow  and  pointed  at  its  inferior  end,  by  which  it  is  attached 
to  the  upper  aspect  of  the  coracoid  process,  in  close  proximity  to  the  supra-scapular 
notch.  Its  upper  end  widens  out  in  the  manner  expressed  by  its  name,  and  is 
attached  to  the  conoid  tubercle  of  the  clavicle. 

Tlie  trapezoid  ligament  (Fig.  209)  is  attached  inferiorly  to  the  upper  surface  of  the 
posterior  half  of  the  coracoid  process,  external  and  anterior  to  the  attachment  of 
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the  conoid  ligament.  Superiorly  it  is  attached  to  the  trapezoid  ridge  on  the  under 
surface  of  the  acromial  end  of  the  clavicle.  Its  outer  and  inner  borders  are  free. 
Its  anterior  surface  is  principally  directed  upwards,  and  its  posterior  surface,  to  a 
similar  extent,  looks  downwards. 

A  synovial  bursa  usually  occupies  the  re-entrant  angle  between  these  two 
ligaments. 

Movements  at  the  Clavicular  Joints. — The  movements  of  the  inner  end  of  the  clavicle  at 
the  sterno-clavicular  joint  are  limited  in  their  range,  owing  to  the  tension  of  the  ligaments. 
When  the  shoulder  is  raised  or  depressed  the  outer  end  of  the  clavicle  moves  upwards  and 
downwards,  whilst  its  sternal  end  glides'  upon  the  surface  of  the  interarticular  meniscus  within 
the  joint ;  when,  on  the  other  hand,  the  shoulder  is  carried  forwards  or  backwards,  the  inner  end 
of  the  clavicle,  along  with  the  interarticular  meniscus  moves  wpou  the  sternal  facet.  In 
addition  to  these  movements  of  elevation,  depression,  forward  movement  and  backward  move- 
ment of  the  clavicle,  there  is  also  allowed  at  the  sterno-clavicular  joint  a  certain  amount  of 
circumduction  of  the  clavicle. 

The  part  which  is  played  by  certain  of  the  ligaments  in  restraining  movement  requires 
careful  consideration.  The  rhomboid  ligament  checks  excessive  elevation  of  the  shoulder,  and 
restrains  within  certain  limits  both  backward  and  forward  movement  of  the  clavicle.  When  the 
clavicle  is  depressed,  as  in  cases  where  a  heavy  weight,  such  as  a  bucket  of  water,  is  carried  in  the 
hand,  it  receives  support  by  resting  ujDon  the  first  rib,  and  the  tendency  for  the  inner  end  of  the 
bone  to  start  up  out  of  its  sternal  socket  is  obviated  by  the  tension  of  the  interarticular 
meniscus,  the  interclavicular  ligament,  and  the  anterior  and  posterior  sterno-clavicular 
ligaments. 

The  interarticular  meniscus  not  only  acts  as  a  cushion  which  lessens  the  shock  of  blows 
received  upon  the  shoulder,  but  it  also  acts  as  a  most  important  bond  of  union,  and  prevents  the 
inner  end  of  the  clavicle  from  being  driven  upwards  wpon  the  top  of  the  sternum  when  force  is 
applied  to  its  outer  end. 

The  movements  at  the  acromio-clavicular  joint  are  of  such  a  kind  as  to  allow  the  inferior 
angle,  and  to  some  extent  the  base  of  the  scapula,  to  remain  more  or  less  closely  aj^plied  to  the 
chest-wall  during  the  various  movements  of  the  shoulder.  The  strong  connexion  between  the 
coracoid  process  and  the  acromial  end  of  the  clavicle,  by  means  of  the  conoid  and  trajsezoid 
ligaments,  renders  it  necessary  that  the  scapula  should  follow  the  clavicle  in  its  various 
excursions.  The  presence  of  the  acromio-clavicular  joint,  however,  enables  the  scapula  to  change 
its  position  somewhat  with  reference  to  the  clavicle  as  the  shoulder  is  moved.  Thus,  when  the 
shoulder  is  raised  and  depressed,  a  marked  diiference  takes  place  in  the  angle  between  the  two 
bones ;  again,  when  the  shoulder  is  throwir  forwards  or  backwards,  these  movements  can  be 
performed  without  altering  in  a  material  degree  the  direction  of  the  glenoid  cavity  of  the  scapula, 
or  in  other  words,  the  socket  of  the  shoulder-joint. 

The  conoid  and  trapezoid  ligaments  set  a  limit  upon  the  movements  of  the  scapula  at  the 
acromio-clavicular  joint.  They  both,  but  more  particularly  the  trapezoid  ligament,  prevent  the 
acromion  process  of  the  scapula  from  being  carried  inward  below  the  outer  end  of  the  clavicle 
when  blows  fall  upon  the  outer  aspect  of  the  shoulder. 

Ligaments  of  the  Scapula. 

These  ligaments  are  not  directly  connected  with  any  articulation.  The  coraco- 
acromial  ligament  (lig.  coraco-acromiale,  Fig.  209)  completes  the  arch  between  the 
coracoid  and  acromion  processes  of  the  scapula,  and  thus  provides  a  secondary 
socket  for  the  greater  protection  and  security  of  the  shoulder-joint.  It  is  a  flat 
triangular  structure  stretched  tightly  between  its  lines  of  attachment.  By  its  base 
it  is  fixed  to  a  varying  amount  of  the  postero-external  border  of  the  coracoid 
process,  and  by  its  narrower  apical  end  to  the  tip  of  the  acromion  process,  im- 
mediately external  to  the  acromio-clavicular  joint.  Its  surfaces  look  upwards  and 
downwards,  and  its  free  borders  outwards  and  inwards.  It  is  thinnest  in  the 
centre,  where  it  is  sometimes  perforated  by  a  prolongation  of  the  tendon  of  the 
pectoralis  minor. 

The  suprascapular  ligament  (lig.  transversum  scapulse  superius)  is  a  distinct  but 
short  flat  band  which  bridges  the  notch  of  the  same  name.  It  may  be  continuous 
with  the  conoid  ligament,  and  it  is  frequently  ossified.  As  a  rule  the  foramen 
completed  by  this  ligament  transmits  the  suprascapular  nerve,  while  the  corre- 
sponding vessels  travel  above  the  ligament  to  reach  the  supraspinous  fossa. 

A  small  duplicate  of  this  ligament  may  often  be  found  bridging  the  foramen  on 
its  ventral  aspect,  subjacent  to  which  small  branches  of  the  suprascapular  artery 
return  from  the  supraspinous  to  the  subscapular  fossa. 

The  spino -glenoid  ligament  (lig.  transversum  scapulae  inferius)  consists  of 
another  set  of  bridging  fibres  which  are  situated  on  the  posterior  aspect  of  the 
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neck  of  the  scapula.  By  one  end  they  are  attached  to  the  external  border  of  the 
scapular  spine,  and  by  the  other  to  the  adjacent  part  of  the  posterior  aspect  of 
the  head  of  the  scapula.    The  suprascapular  nerve  and  vessels  pass  subjacent  to 


this  ligament. 


THE  SHOULDER-JOINT. 


The  shoulder-joint  (articulatio  humeri)  is  one  of  the  largest  as  well  as  the  most 
important  of  the  joints  of  the  upper  Hmb.  It  is  an  example  of  the  enarthrodial, 
i.e.  ball-and-socket  variety  of  a  diarthrosis,  and,  at  the  cost  of  a  certain  amount  of 
security,  it  has  obtained  an  extended  range  of  movement. 

The  bones  which  enter  into  its  formation  are  the  glenoid  fossa  of  the  scapula 
and  the  head  of  the  humerus. 

The  glenoid  fossa  is  a  shallow  pyriform  articular  surface,  having  its  narrow  end 
directed  upwards  and  slightly  forwards.  The  upper  half  of  the  anterior  margin  of 
the  fossa  is  characterised  by  a  shallow  notch  which  accommodates  the  narrow  part 
of  the  subscapularis  muscle  as  it  runs  outwards  to  its  insertion.  At  the  apex  of  the 
fossa  there  is  a  flat  area  for  the  attachment  of  the  long  tendon  of  the  biceps  flexor 
cubiti  muscle.  The  head  of  the  humerus  is  hemispherical  and  articular,  while, 
external  to  its  articular  margin,  there  is  a  slight  constriction  (the  anatomical  or 
true  neck  of  the  humerus),  which  is  most  strongly  marked  in  relation  to  the 
greater  and  lesser  tuberosities  of  the  humerus. 

Under  ordinary  conditions  the  two  articular  surfaces  are  maintained  in 
apposition  by  muscular  action,  aided  by  atmospheric  pressure,  and  thus,  when  the 
muscles  are  removed,  the  bones  fall  asunder  to  the  full  extent  of  the  restraining 
ligaments.  Only  a  small  part  of  the  humeral  head  is  in  contact  with  the  glenoid 
fossa  at  any  particular  moment,  because  the  former  is  much  larger  than  the  latter, 
but,  by  reason  of  the  shallow  character  of  this  fossa,  all  parts  of  the  two  articular 
surfaces  may  successively  be  brought  into  contact  with  each  other. 

In  the  position  of  rest,  as  the  limb  hangs  parallel  to  the  vertical  axis  of  the 
trunk,  the  inferior  aspect  of  the  neck  of  the  humerus  is  brought  into  close  relatioi^ 
with  the  lower  part  of  the  glenoid  fossa.  \ 

The  glenoid  ligament  (labrum  glenoidale,  Fig.  209)  deepens  the  glenoid  fossa, 
and  thus  extends  the  articular  surface.  It  is  situated  within  the  joint  capsule,  and 
.  , ^  .      .  to  some  slit(ht  ex- 

Coraco-acromial  ligament  Acromion  process  .  o 

~  '  tent  increases  the 

security  of  the  arti- 
culation. It  con- 
sists of  a  strong 
ring  of  dense  fibrovis 
tissue  attached  to 
the  free  margin  of 
the  glenoid  fossa. 
Many  of  its  fibres 
are  short,  and  pass 
obliquely  from  the 
inner  to  the  outer 
aspect  of  the  ridge, 
so  that  its  attached 
base  is  broader  than 
its  free  edge,  and 
therefore  in  cross  sec- 
tion it  appears  some- 
what triangular. 
The  long  tendon  of 
the  biceps,  which 
to  a  considerable  extent  in- 


Coraco-humeral 
ligament 


Communication 
between  subscapular 
bursa  and  joint  cavity 


Capsule  of  joint 


Fig.  208. — Capsule  of  the  Shoulder-joint  and  Couaco-achomial  Ligament, 


arises  from  the  apex  of  the  glenoid 


fossa,  becomes 

corporated  with  this  ligament, 

The  capsular  ligament  (capsula  articularis,  Fig.  208)  presents  the  general  shape 
which  is  characteristic  of  the  corresponding  ligament  in  other  ball-and-socket  joints. 
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viz.  a  hollow  cylinder.  By  its  upper  end  the  capsule  is  attached  to  the  circum- 
ference of  the  glenoid  fossa,  external  to  the  glenoid  ligament,  and  also,  to  a  consider- 

.  able  extent,  to  the  glenoid  ligament  itself. 

By  its  lower  end  it  is  attached  to  the  neck  of  the  humerus,  and  therefore 
beyond  the  articular  area  of  the  head.  The  capsule  is  strongest  on  its  superior 
aspect,  while  inferiorly,  where  the  neck  of  the  bone  is  least  defined,  it  extends 
downwards  for  a  short  distance  upon  the  humeral  shaft.  Its  fibres  for  the  most 
part  run  longitudinally,  but  a  certain  number  of  them  pursue  a  circular  direction. 

A  prolongation  of  the  capsule,  the  transverse  humeral  ligament  presenting  both 
longitudinal  and  transverse  fibres,  bridges  that  part  of  the  bicipital  groove  which  is 
situated  between  the  tuberosities  of  the  humerus.  At  this  point  an  interruption 
in  the  capsule,  beneath  the  transverse  humeral  ligament,  permits  the  long  tendon 
of  the  biceps  to  escape  from  its  interior.    In  addition  to  the  opening  just  referred 

.  to,  there  is  another  very  constant  deficiency  in  the  upper  and  anterior  part  of 
the  capsule,  where  the  narrowing  tendon  of  the  subscapularis  muscle  is  brought 
into  contact  with  a  bursa  formed  by  a  protrusion  of  the  synovial  membrane.  This 
defect  in  the  capsule  has  its  long  axis  in  the  direction  of  the  longitudinal  fibres. 
Occasionally  ^here  is  a  similar  but  smaller  opening  under  cover  of  the  tendon  of 
the  infraspinatus  muscle.  Through  the  two  latter  openings  the  joint  cavity 
communicates  with  bursee  situated  between  the  capsule  and  the  muscles  re- 
ferred to. 

The  tendons  of  the  subscapularis,  supraspinatus,  and  infraspinatus  muscles 
fuse  with,  and  so  strengthen,  the  capsule  as  they  approach  their  respective 
insertions. 

On  the  superior  aspect  of  the  articulation  the  capsule  is  augmented  by  an 
accessory  structure,  the  ligamentum  coraco-humerale  (Fig.  208).  By  its  inner  end,  which 
is  situated  immediately  above  the  glenoid  fossa,  but  subjacent  to  the  coraco-acromial 
ligament,  it  is  attached  to  the  external  border  of  the  root  of  the  coracoid  process,  while 
its  outer  end  is  attached  to  the  humeral  neck  close  to  the  great  tuberosity.  This 
Hgament  forms  a  flattened  band,  having  its  hinder  and  lower  border  fused  with 
the  capsule,  but 
its  anterior  and 
upper  margin 
presents  a  free 
edge,  slightly 
raised  above  the 
level  of  the  cap- 
sule. This  struc- 
ture is  believed 
to  represent  that 
portion  of  the 
pectoralis  minor 
to  which  refer- 
ence has  already 
been  made  in  con- 
nexion with  the 
coraco  -  acromial 
ligamentr 

Glenoid  cavity 

The  coraco- 
glenoid  ligament  is 

another  accessory 
structure  which  is 
not  always  present. 
It  springs  from  the  Fig.  209.- 

coracoid  jDrocess 
along   with  the 

former-  ligament,  and  extends  to  the  upper  and  hinder  margin  of  the  head  of  the  scapula. 

Gleno-humeral  Ligaments  (Fig.  209). — If  the  capsule  be  opened  from  behind,  and  the  liead  of  the 
humerus  be  removed,  it  will  be  seen  that  the  longitudinal  fibres  of  the  anterior  'part  of  the  capsule 
are  specially  developed  in  the  form  of  thick  flattened  bands  which  extend  from  the  anterior  border 
of  the  glenoid  fossa  to  the  anterior  aspect  of  the  neck  of  the  liumerus.    These  gleno-humeral 
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ligaments  are  three  in  number,  and  occujiy  the  following  jjositions  :  the  superior  is  placed  above  the 
aj)erture  in  the  front  of  tlie  capsule  ;  the  middle  and  inferior  on  the  antero-inferior  aspect  of  the 
cajisule,  and  beloiv  the  aperture  mentioned. 

The  superior  gleno-humeral  ligament,  which  some  believe  to  represent  the  ligamentum  teres 
of  the  hi])-joint,  springs,  along  with  the  middle  gleno-humeral  band,  from  the  upper  part  of  the 
anterior  glenoid  margin.  The  inferior  band  is  the  strongest  of  the  three,  and  springs  from  the 
lower  part  of  the  anterior  glenoid  margin. 

Intra-capsular  Structures.— 1.  The  glenoid  ligament,  already  described.  2. 
The  long  tendon  of  the  biceps  passes  outwards  from  its  attachment  to  the  apex  of 
the  glenoid  fossa  and  the  adjoining  part  of  the  glenoid  ligament,  above  the  head  and 
neck  of  the  humerus,  to  escape  from  the  interior  of  the  capsule  by  the  opening 
between  the  tuberosities  of  the  humerus,  subjacent  to  the  transverse  humeral 
ligament. 

Synovial  membrane  (Fig.  210)  lines  the  capsule  of  the  joint,  and  extends  from 
the  margin  of  the  glenoid  fossa  to  the  humeral  attachment.s  of  the  capsule,  where  it 


the  synovial  cavity.  The  synovial  membrane  is  continuous  with  those  bursse 
which  communicate  with  the  joint  cavity  through  openings  in  the  ligamentous 


Bursse  (a)  Communicating  with  the  Joint  Cavity. — Practically  there  is  only  one  bursa  which 
is  constant  in  its  position,  viz.  the  subscapular,  between  the  capsule  and  the  tendon  of  the  sub- 
scapularis  muscle.  It  varies  considerably  in  its  dimensions,  but  its  lining  membrane  is  always 
continuous  with  that  which  lines  the  capsule  (Figs.  207  and  208),  and  therefore  it  may  be 
regarded  merely  as  a  prolongation  of  the  articular  synovial  membrane.  Occasionally  a  similar 
but  smaller  bursa  occurs  between  the  capsule  and  the  tendon  of  tlie  infraspinatus  muscle. 

(6)  Not  communicating  with  the  Joint  Cavity.  —  The  sub-deltoid  or  sub-acromial  bursa  is 
situated  between  the  muscles  on  the  superior  aspect  of  the  shoulder-joint  on  the  one  hand  and 
the  deltoid  muscle  on  the  other.  It  is  an  extensive  bursa,  and  is  jjrolonged  subjacent  to  the 
acromion  process  and  the  coraco-acromial  ligament.  It  does  not  communicate  with  the  shoulder- 
joint,  but  it  greatly  facilitates  the  movements  of  the  upper  end  of  the  humerus  against  the  under 
surface  of  the  coraco-acromial  arch. 

Movements  at  the  Shoulder-Joint. — A  ball-and-socket  joint  permits  of  a  great  variety  of 
movements,  jjractically  in  all  directions  ;  but  if  these  movements  be  analysed,  it  will  be  seen  that 
they  resolve  themselves  into  movements  about  three  primary  axes  at  right  angles  to  each  other, 
or  about  axes  which  are  the  j^ossible  combinations  of  the  primary  ones. 

Thus,  about  a  transverse  axis,  the  limb  may  move  forwards  (flexion)  or  backwards  (extension). 
About  an  antero-posterior  axis  it  may  move  outwards,  i.e.  away  from  the  mesial  plane  of  the 
trunk  (abduction),  or  inwards,  i.e.  towards,  and  to  some  extent  up  to,  the  mesial  plane 
(adduction). 

Aljout  a  vertical  axis,  the  humerus  may  rotate  upon  its  axis  in  an  inward  or  outward  direction 
to  the  extent  of  a  quarter  of  a  circle. 


Fig.  210. — Vertical  Section  through  the  Shoulder-joint. 
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is  reflected  towards  the 
margin  of  the  articular 
cartilage.  It  is  there- 
fore important  to  note 
that  the  inferior  aspect 
of  the  humeral  neck  has 
the  most  extensive 
clothing  of  synovial 
membrane.  Further, 
the  synovial  membrane 
envelops  the  intra-cap- 
sular part  of  the  tendon 
of  the  biceps,  and  al- 
though this  tubular 
sheath  is  prolonged  upon 
the  tendon  into  the 
upper  part  of  the  bi- 
cipital groove,  yet  the 
closed  character  of  the 
synovial  cavity  is  main- 
tained. Thus,  while  the 
tendon  is  within  the 
capsule,  it  is  not  within 


capsule. 
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Since  these  axes  all  pass  through  the  shoulder-joint,  and  since  each  may  present  varying 
degrees  of  obliquity,  it  follows  that  very  elaborate  combinations  are  jjossiljle  until  the  movement 
of  circumduction  is  evolved.  In  this  movement  the  head  of  the  humerus  acts  as  the  apex  of  a 
cone  of  movement  Avith  the  distal  end  of  the  humerus,  descriljing  the  base  of  the  cone. 

The  I'ange  of  the  shoulder -joint  movements  is  still  further  increased  from  the  mobility  of 
the  scapula  as  a  whole,  and  from  its  association  with  the  movements  of  the  clavicle  already 
described. 


THE  ELBOW-JOINT. 

This  articulation  (articulatio  cubiti)  provides  an  instance  of  a  diarthrosis  capable 
of  performing  the  movements  of  flexion  and  extension  about  a  single  axis  placed 
transversely,  i.e.  a  typical  ginglymus  diarthrosis  or  hinge-joint. 

The  bones  which  enter  into  its  formation  are  the  humerus,  ulna,  and  radius. 
The  trochlea  of  the  humerus  articulates  with  the  greater  sigmoid  cavity  of  the 
ulna  (articulatio  humero-ulnaris) ;  the  capitellum  of  the  humerus  articulates  with 
the  shallow  depression  or  cup  on  the  superior  aspect  of  the  head  of  the  radius  (articu- 
latio humero-radialis).  The  articular  cartilage  clothing  the  trochlea  of  the  humerus 
terminates  in  a  sinuous  or  concave  margin  both  anteriorly  and  posteriorly,  so  that 
it  does  not  line  either  the 
coronoid  or  the  olecranon 
fossa.  Internally,  it  merely 
rounds  off  the  inner  margin 
of  the  trochlea,  but  exter- 
nally it  is  continuous  with 
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encrusting 


cartilage 


Anterior 
lisanieut 


Internal  lateral 
ligament 


covering  the  capitellum,  to 
the  margin  of  which  the 
cartilage  extends  in  all 
directions,  and  thus  it  pre- 
sents a  convex  edge  in 
relation  to  the  supra-capi- 
tellar  or  radial  fossa.  The 
cartilage  which  lines  the 
greater  sigmoid  cavity  of 
the  ulna  presents  a  trans- 
verse interruption,  consider- 
ably wider  on  its  inner  as 
compared  with  its  outer 
aspect.  Thereby  the  coro- 
noid and  olecranon  seg- 
ments of  the  fossa  are 
separated  from  each  other. 
The  cartilage  which  clothes 
the  coronoid  segment  is 
continuous  with  that  which 
clothes  the  lesser  sigmoid 
cavity.  The  shallow  cup- 
shaped  depression  on  the 
head  of  the  radius  is  covered 
by  cartilage  which  rounds 
off  the  margin,  and  is  pro- 
longed without  interruption 
upon  the  vertical  aspect  of  the  head,  descending  to  its  lowest  level  on  that  part 
opposed  to  the  lesser  sigmoid  cavity. 

Ligaments,  ^ — Taken  as  a  whole,  the  ligaments  form  a  complete  capsule  (capsula 
articularis),  which  is  not  defective  at  any  point,  although  it  is  not  of  equal  thick- 
ness throughout,  and  certain  bands  of  fibres  ' stand  out  distinctly  because  of  their 
greater  strength. 

The  anterior  ligament  (Fig.  211)  consists  of  a  layer  whose  fibres  run  in  several 


Tendon  of  insertion  of 
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Oblique  (ulno-radial) 
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Fig.  211. — Anterior  View  of  Elbow-joint. 
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directions — obliquely,  transversely,  and  vertically — and  of  these  the  vertical  fibres 
are  of  most  importance.  It  is  attached  above  to  the  upper  margins  of  the  coronoid 
and  supracapitellar  fossae ;  below,  to  the  margins  of  the  coronoid  process  and  to  the 
orbicular  ligament  of  the  superior  radio-ulnar  joint,  but  some  loosely-arranged 
fibres  reach  as  far  as  the  neck  of  the  radius.  The  lateral  portions  of  this  ligament, 
which  are  situated  in  front  of  the  capitellum  and  inner  margin  of  the  trochlea 
respectively,  are  much  thinner  and  weaker  than  the  central  part.  Fibres  of  origin 
of  the  brachialis  anticus  muscle  arise  from  the  front  of  this  ligament. 

The  posterior  ligament  is  an  extremely  thin,  almost  redundant  layer. 
Superiorly  it  is  attached,  in  relation  to  the  margin  of  the  olecranon  fossa,  at  a 
varying  distance  from  the  trochlear  articular  surface,  and  inferiorly  to  the  summit 
and  sides  of  the  lip  of  the  olecranon  process.  Externally  some  of  its  fibres 
pass  from  the  posterior  aspect  of  the  capitellum  to  the  posterior  border  of  the  lesser 
sigmoid  cavity  of  the  ulna.  This  ligament  derives  material  support  from,  and 
participates  in  the  movements  of,  the  triceps  muscle,  since  they  are  closely 
adherent  to  each  other  in  the  region  of  the  olecranon  process. 

The  internal  lateral  ligament  (lig.  collaterale  ulnare.  Figs.  211  and  212)  is  a  fan- 


Uhia  Traiis\  erse  part  of  internal  lateral  ligament 


Fig.  212. — Elbow-joint  (iuuer  aspect). 

shaped  structure  of  unequal  thickness,  but  its  margins,  which  are  its  strongest  bands, 
are  continuous  with  the  adjoining  parts  of  the  anterior  and  posterior  ligaments. 
By  its  upper  end  it  is  attached  to  the  anterior,  inferior,  and  posterior  aspects  of  the 
internal  condyle  of  the  humerus.  By  its  broad  lower  end  it  is  attached  to  the 
inner  margin  of  the  greater  sigmoid  cavity,  so  that  the  anterior  hand  is  associated 
principally  with  the  inner  margin  of  the  coronoid  process,  and  the  posterior  hand 
with  the  inner  margin  of  the  olecranon  process,  while  the  intermediate  weaker 
portion  sends  its  fibres  downwards  to  join  a  transverse  land,  sometimes  very  strong, 
which  bridges  the  notch  between  the  adjoining  inner  margins  of  the  coronoid  and 
olecranon  processes. 

The  external  lateral  ligament  (lig.  collaterale  radiale.  Fig.  211)  is  a  strong 
flattened  band  attached  superiorly  to  the  lower  and  posterior  aspects  of  the  external 
condyle  of  the  humerus.  It  completes  the  continuity  of  the  capsule  on  the  outer 
side,  and  blends  inferiorly  with  the  orbicular  ligament,  on  the  surface  of  which  its 
fibres  may  be  traced  both  to  the  anterior  and  posterior  ends  of  the  lesser  sigmoid 
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notch.  Both  of  the  lateral  ligaments  are  intimately  associated  with  the  muscles 
which  take  origin  from  the  inner  and  outer  condyles  of  the  humerus. 

Synovial  Pads  of  Fat  (Fig.  213). — Internal  to  the  capsule,  there  are  several  pads 
of  fat  situated  be- 

tweenitand  the  sy-  ^'^mX 


ulnar  joints  possess  a  common  joint  cavity.  It  should  be  specially  noted  that  the 
upper  part  of  the  neck  of  the  radius  is  surrounded  by  this  synovial  membrane. 

Movements  at  the  ElbewJijint. — The  movements  of  the  radius  and  uhia  upon  the  humerus 
have  already  been  referred  to  as  those  characterising  a  uniaxial  joint  constructed  on  the  j^lan  of 
a  hinge.  In  this  case  the  axis  of  the  joint  is  obliquely  transverse,  so  that  in  the  extended 
position  the  humerus  and  ulna  form  an  obtuse  angle  open  towards  the  radius,  whereas  in  the 
flexed  j)08ition  the  hand  is  carried  inwards  in  the  direction  of  the  mouth.  Extreme  flexion  is 
checked  by  the  soft  jiarts  in  front  of  the  arm  and  of  the  fore-arm  coming  into  contact,  and 
extreme  extension  by  the  restraining  effect  of  the  ligaments  and  muscles.  In  each  case  the 
movement  is  checked  before  eitlier  coronoid  or  olecranon  j^i'ocesses  come  into  contact  with  the 
humerus.  Tlie  anterior  and  posterior  bands  of  the  internal  lateral  ligament  are  important  factors 
in  these  results.  Lateral  movement  of  the  ulna  is  not  a  characteristic  movement,  altliough  it 
may  occur  to  a  slight  extent,  owing  to  a  want  of  complete  adaptation  between  the  trochlear 
surface  of  the  humerus  and  the  sigmoid  cavity  of  the  ulna.  This  incongruence  is  noteworthy 
since  the  inner  lip  of  the  troclilea  is  prominent  in  front,  and  the  outer  lip  is  prominent  behind. 
Conseffuently,  this  latter  part  is  associated  with  a  surface  on  the  outer  side  of  the  olecranon 
which  is  only  utilised  in  complete  extension. 

The  capitellum  and  the  opposing  surface  upon  the  head  of  the  radius  are  always  in  varying 
degrees  of  contact.  The  head  of  the  radius  participates  in  the  movements  of  flexion  and  exten- 
sion, and  is  most  closely  and  completely  in  contact  with  the  humerus  during  the  jiosition  of  semi- 
flexion and  semi-jjronation.  In  complete  extension  a  very  considerable  part  of  the  capitellum  is 
uncovered  by  the  radius. 


These  articulations,  which  are  two  in  number,  are  situated  at  the  proximal  and 
distal  ends  of  the  radius  and  ulna.  They  provide  an  adaptation  whereby  the  radius 
rotates  around  a  longitudinal  axis  in  the  movements  of  pronation  and  supination, 
and  hence  this  form  of  uniaxial  diarthrosis  is  termed  lateral  ginglynius. 

Superior  Radio-ulnar  Joint  (articulatio  radio-ulnaris  proximalis). — In  this 
joint  the  articular  surfaces  which  enter  into  its  formation  are  the  lesser  sigmoid 
cavity  of  the  ulna  and  the  lateral  aspect  of  the  head  of  the  radius.  In  each  case 
the  articular  cartilage  is  continuous  with  an  articular  surface  entering  into  the 


Synovial  mem- 
brane (Fig.  213) 
lines  the  entire 
capsule  and  clothes 
the  pads  of  fat 
above  referred  to, 
as  well  as  those 
portions  of  bone 
enclosed  within  the 
capsule  which  are 
not  covered  by 
articular  cartilage. 
By  its  disposition 
the  elbow  and  the 
superior  radio- 


novial  membrane. 
Small  pads  are  so 
placed  as  to  lie  im- 
mediately in  front 
of  the  coronoid  and 
supra-capitellar 
fossee,  but  a  larger 
one  projects  to- 
wards the  olecra- 
non fossa. 


Fig.  213. — Vertical  Section  theodgh  the  Trochlear  Part  of  the 
Elbow-joint. 
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formation  of  the  elbow-joint,  consequently  the  joint  cavity  is  continuous  with  that 
of  the  elbow-joint,  and  therefore,  in  a  sense,  it  lies  within  the  cover  of  the  capsule 
of  the  elbow-joint ;  but  its  special  feature  is  the — 

Orbicular  ligament  (lig.  annulare  radii.  Figs.  211  and  214),  which  has  formerly  been 
Olecranon  process  mentioned  RS  the  inferior  line  of 

attachment  of  the  external  lateral 
ligament  and  the  ligaments  on 
the  front  and  back  of  the  elbow- 
joint. 

It  is  a  strong  well-defined  struc- 
ture, attached  by  its  extremities 
to  the  anterior  and  posterior 
margins  of  the  lesser  sigmoid 
cavity,  and  thus  it  forms  nearly 
four-fifths  of  an  osseo-tendinous 
circle  or  ring.  This  circle  is  some- 
what wider  at  the  upper  than  at 
the  lower  margin  of  the  orbicular 
ligament,  which,  by  encircling  the 
upper  part  of  the  neck  of  the 
radius,  tends  to  prevent  displacement  of  the  head  of  that  bone  in  a  downward 
direction.    The  lower  margin  of  this  ligament  is  not  directly  attached  to  the  radius. 

The  synovial  membrane  is  continuous  with  that  which  lines  the  elbow-joint.  It 
closes  the  joint  cavity  at  the  inferior  unattached  margin  of  the  orbicular  ligament, 
where  it  is  somewhat  loosely  arranged  in  its  reflexion  from  the  Ligament  to  the 
neck  of  the  radius. 

Inferior  Radio-ulnar  Joint  (articulatio  radio-ulnaris  distahs). — This  joint  is 
situated  between  the  sigmoid  cavity  on  the  inner  side  of  the  lower  end  of  the 
radius  and  the  lateral  aspect  of  the  head  of  the  ulna.  In  addition,  it  includes  the 
inferior  surface  of  the  head  of  the  ulna,  which  articulates  with  the  superior 
surface  of  a  triangular  plate  of  fibro- cartilage,  by  means  of  which  the  joint  is 
excluded  from  the  radio-carpal  articulation. 

The  triangular  interarticular  fibro-cartilage  (discus  articularis,  Figs.  215  and  217), 
besides  presenting  articular  surfaces  to  two  separate  joints,  is  an  important  ligament 
concerned  in  binding  together  the  lower  ends  of  the  radius  and  ulna.  It  is  attached 
by  its  apex  to  the  de-   

pression  at  the  outer  Headofuina 
side  of  the  root  of  the 
styloid  process  of  the 
ulna,  and  by  its  base  to 
the  sharp  line  of  de- 
marcation between  the 
sigmoid  cavity  and  the 
carpal  articular  surface 
of  the  radius. 

The  ligamentous  cap- 
sule is  very  imperfect,  and  consists  of  scattered  fibres,  termed  the  anterior  and 
posterior  radio-ulnar  ligaments  (Fig.  216).  These  ligaments  pass  transversely 
between  adjoining  non-articular  surfaces  on  the  radius  and  ulna,  and  are  of  sufficient 
length  to  permit  of  the  movements  of  the  radius. 

The  synovial  membrane  completes  the  closure  of  the  joint  cavity.  It  forms  a 
loose  bulging  projection  (recessus  sacciformis),  passing  upwards  between  the  lower 
ends  of  the  shafts  of  the  radius  and  ulna,  and  it  also  clothes  the  upper  surface  of 
the  triangular  fibro-cartilage  (Fig.  217).  The  cavity  of  this  joint  is  quite  distinct 
from  that  of  the  radio-carpal  articulation,  except  when  the  triangular  fibro-cartilage 
presents  a  perforation. 

Between  the  foregoing  articulations  there  are  two  accessory  ligaments,  viz.  the 
interosseous  membrane  and  the  oblique  ligament,  which  connect  together  the  shafts 
of  the  radius  and  ulna. 
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Fig. 


215. — Carpal  Articular  Surface  of  the  Radius,  and 
Triangular  Fibro-cartilage  op  the  Wrist. 
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The  interosseous  membrane  (Fig.  212)  of  the  forearm  (membrana  interossea  inter- 
brachii)  is  a  strong  fibrous  membrane  which  stretches  across  the  interval  between 
the  radius  and  ulna,  and  is  firmly  attached  to  the  interosseous  border  of  each.  Below 
it  extends  downwards  to  the  lower  limit  of  the  space  between  the  bones,  whilst 
above  it  does  not  reach  higher  than  a  point  about  one  inch  below  the  tuberosity 
of  the  radius.  A  gap,  called  the  hiatus  inter osseus,  is  thus  left  above  its  upper 
margin,  and  through  this  the  posterior  interosseous  artery  passes  backwards  between 
the  bones  to  reach  the  dorsal  aspect  of  the  forearm.  This  gap  is  bounded  above 
by  the  oblique  ligament.  The  fibres  which  compose  the  interosseous  membrane 
run  for  the  most  part  downwards  and  inwards  from  the  radius  to  the  ulna,  although 
on  its  dorsal  aspect  several  bands  may  be  observed  stretching  in  an  opposite  direc- 
tion. The  interosseous  membrane  augments  the  surface  for  the  origin  of  the  muscles 
of  the  forearm ;  it  braces  the  radius  and  ulna  together ;  and  when  shocks  are  com- 
municated from  the  hand  to  the  radius,  owing  to  the  direction  of  its  fibres,  the 
interosseous  membrane  transmits  these,  to  some  slight  extent,  to  the  ulna. 

The  oblique  ligament  (Fig.  212)  is  a  slender  tendinous  band  of  very  varying 
strength  which  springs  from  the  outer  part  of  the  coronoid  process  of  the  ulna,  and 
stretches  obliquely  downwards  and  outwards  to  the  radius  where  it  is  attached 
immediately  below  the  bicipital  tuberosity. 

Movements  of  the  Radius  on  the  Ulna. — The  axis  about  which  the  radius  moves  is  a 
longitudinal  one,  having  one  end  passing  tlirough  the  centre  of  the  head  of  tlie  radius  and 
the  other  througli  the  styloid  process  of  the  ulna  and  the  line  of  tlie  ring-finger.  In  this  axis 
the  head  of  the  radius  is  so  secured  that  it  can  only  rotate  upon  the  lesser  sigmoid  cavity 
of  the  ulna  within  the  orbicular  ligament,  and  consequently  the  radial  head  remains  upon  the 
same  plane  as  the  ulna ;  but  the  lower  end  of  the  radius  being  merely  restrained  by  the 
triangular  fibro-cartilage,  is  able  to  describe  nearly  a  half-circle,  of  which  the  apex  of  this 
ligament  is  the  centre.  In  this  movement  the  radius  caiTies  the  hand  from  a  position  in  which 
the  jjalm  is  directed  forwards,  and  in  which  the  radius  and  ulna  lie  parallel  to  each  other 
(supination),  to  one  in  which  the  palm  is  directed  backAvards,  and  the  radius  lies  diagonally  across 
the  front  of  the  ulna  (pronation). 

The  ulna  is  unable  to  rotate  upon  a  long  axis,  but  while  the  radius  is  travelling  through  the 
arc  of  a  circle  from  without  inwards  in  front  of  the  ulna,  it  will  usually  be  seen  that  the  ulna 
appears  to  move  through  the  arc  of  a  smaller  circle  in  the  reverse  direction,  viz.  from  within 
outwards.  If  the  humerus  be  prevented  from  hioving  at  the  shoulder-joint,  a  very  large  propor- 
tion, if  not  the  entire  amountv-efjjiis  apparent  movement  of  the  ulna  will  disappear.  At  the 
same  time  some  observers  maintain  that  it  really  occurs  at  the  elbow -joint,  associated  with  lateral 
movement  during  slight  degrees  of  flexion  and  extension  at  that  joint. 

THE  RADIO-CARPAL  JOINT. 

This  joint  (articulatio  radiocarpea)  is  a  bi-axial  diarthrosis,  frequently  called  a 
condyloid  joint. 

The  articular  elements  whibh  enter  into  its  formation  are:  on  ii?, proximal  side,  the 
inferior  surface  of  the  lower  end  of  the  radius,  together  with  the  inferior  surface  of 
the  triangular  fibro-cartilage  ;  on  its  distal  side,  the  superior  articular  surfaces  of  the 
scaphoid,  semilunar,  and  cuneiform  bones.  The  articular  surface  of  the  radius  is 
concave  both  in  its  antero-posterior  and  transverse  diameters,  in  order  to  adapt 
itself  to  the  opposing  surfaces  of  the  scaphoid  and  semilunar,  which  are  convex  in 
the  two  axes  named.  In  the  ordinary  straight  position  of  the  hand  the  triangular 
fibro-cartilage  is  in  contact  with  the  semilunar  bone,  and  the  upper  articular  surface 
of  the  cuneiform  bone  is  in  contact  with  the  capsule  of  the  joint.  When,  however, 
the  hand  is  bent  towards  the  ulna,  the  cuneiform  bone  is  carried  outwards  as  well 
as  the  semilunar  and  scaphoid,  and  the  triangular  fibro-cartilage  comes  into  contact 
with  the  cuneiform.  The  articular  surface  of  the  radius  is  subdivided  by  an  antero- 
posterior, slightly  elevated  ridge,  into  an  outer  triangular  facet  which  usually  arti- 
culates with  the  scaphoid,  and  an  inner  quadrilateral  facet  for  articulation  with  a 
portion  of  the  semilunar  bone. 

In  the  intervals  between  the  scaphoid,  semilunar,  and  cuneiform  bones,  the  con- 
tinuity of  the  articular  surfaces  is  usually  maintained  by  the  presence  of  interosseous 
ligaments  which  are  situated  upon  the  same  level  as  the  articular  cartilage. 

Ligaments. — A  capsular  ligament  completely  surrounds  the  joint.  It  is  some- 
what loosely  arranged,  and  permits  of  subdivision  into  the  following  portions : — 

The  external  lateral  ligament  (Fig.  216)  is  a  well-defined  band  which  is  attached 
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by  one  end  to  the  tip  of  the  styloid  process  of  the  radius,  and  by  the  other  to  a 
rough  area  at  the  base  of  the  tubercle  of  the  scaphoid  bone,  i.e.  external  to  its 
radial  articular  surface. 

The  internal  lateral  ligament  (Fig.  216)  is  also  a  distinct  rounded  structure, 
having  one  end  attached  to  the  tip  of  the  styloid  process  of  the  ulna  and  the  other  to 

the  rough  non- articular 
border  of  the  cuneiform 
bone,  some  of  its  fibres 
being  prolonged  to  the 
pisiform  bone. 

The  anterior  ligament 
(Fig.  216)  is  attached 
superiorly  to  the  anterior 
margin  of  the  lower  end 
of  the  radius,  as  well  as 
slightly  to  the  base  of 
the  styloid  process  of  the 
ulna.  Some  transverse 
fibres  may  be  seen,  but 
the  greater  number  pass 
obliquely  downwards  and 
inwards  to  the  palmar 
non -articular  surfaces 
of  the  scaphoid,  semi- 
lunar, and  cuneiform 
bones,  while  some  of 
them  may  even  be  con- 
tinued as  far  as  the  os 
magnum.  Those  fibres 
from  the  ulna  run 
obliquely  outwards.  On 
its  deeper  aspect  this  ligament  is  closely  adherent  to  the  anterior  border  of  the 
triangular  fibro-cartilage  of  the  inferior  radio-ulnar  articulation. 

The  posterior  ligament  extends  from  the  posterior  margin  of  the  lower  end 
of  the  radius,  obliquely  downwards  and  inwards,  to  the  dorsal  non -articular 
areas  on  the  proximal  row  of  the  carpal  bones.  The  slip  to  the  latter  assists  in 
forming  the  fibrous  sheath  through  which  the  tendon  of  the  extensor  carpi  ulnaris 
muscle  travels  to  its  insertion.  The  principal  bundle  of  fibres  is  connected  with 
the  cuneiform  bone. 

The  synovial  membrane  (Fig.  217)  is  simple,  and  is  confined  to  the  articulation, 
except  in  those  cases  in  which  the  triangular  fibro-cartilage  is  perforated,  or  in  which 
one  of  the  interosseous  ligaments  between  the  carpal  bones  of  the  first  row  is  absent. 

Movements  at  the  Radio-carpal  Joint.— The  radio-cai  jial  joint  affords  an  excellent  example 
of  a  liiaxial  articulation,  in  wliicli  a  long  transverse  axis  of  movement  is  situated  more  or  le.ss  at 
right  angles  to  a  short  axis  placed  in  the  antero-posterior  direction.  The  nature  of  the  move- 
ments which  are  possible  about  these  two  axes  is  essentially  the  same  in  both  cases,  viz.  flexion 
and  extension.  The  movements  about  the  longer  transverse  axis  are  anterior  or  palmar  flexion, 
extension,  and  its  continuation  into  dorsi-flexion.  About  the  shorter  antero-posterior  axis  we  get 
movements  which  result  from  combined  action  by  certain  flexor  and  extensor  muscles,  whereby 
the  radial  or  ulnar  borders  of  the  hand  may  be  aj^proximated  towards  the  corresponding  borders 
of  the  forearm.  Lateral  movement  may  also  be  possible  to  a  slight  extent.  The  range  of  move- 
ment in  connexion  with  either  of  the  principal  axes  is  largely  a  matter  of  individual  jieculiarity, 
for,  with  the  excej^tion  of  the  lateral  ligaments,  there  is  no  serious  obstacle  to  the  cultivation  of 
greater  mobility  at  the  radio-carpal  joint. 

CARPAL  JOINTS. 

The  articulations  subsisting  between  the  individual  carpal  bones  (articulationes 
intercarpea3)  are  all  diarthroses,  and  although  the  total  amount  of  movement 
throughout  the  series  is  considerable,  yet  the  extent  of  movement  which  is  possible 
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between  the  two  rows  or  between  any  two  carpal  bones  is  extremely  limited. 
For  this  reason,  as  well  as  because  of  the  nature  of  the  movement,  these  articula- 
tions are  called  gliding  joints  (arthrodia). 

It  is  advisable  to  consider,  first,  the  articulations  between  individual  bones  of 
the  proximal  row ;  second,  the  articulations  between  the  separate  bones  of  the 
distal  row  ;  third,  the  articulation  of  the  proximal  and  distal  rows  with  each  other  ; 
fourth,  the  pisiform  articulation. 

The  proximal  row  of  carpal  articulations  (Fig.  216)  comprises  the  joints 
between  the  scaphoid,  semilunar,  and  cuneiform  bones.  On  their  adjacent  lateral 
aspects  these  bones  are  partly  articular  and  partly  non-articular. 

Three  sets  of  simple  but  strong,  although  short  ligamentous  bands  bind  these 
three  carpal  bones  together,  and  form  an  investment  for  three  sides  of  their  inter- 
carpal joints.  These  are — (1)  the  anterior  or  palmar  ligaments,  two  in  number,  which 
consist  of  transverse  fibres  passing  between  the  adjacent  rough  palmar  surfaces  of 
the  bones  ;  (2)  the  posterior  or  dorsal  ligaments,  also  two  in  number,  and  composed 
of  similar  short  transverse  fibres  passing  between  the  adjacent  dorsal  surfaces  ; 
(3)  the  interosseous  ligaments  (Fig.  217),  again  two  in  number,  and  transverse  in 
direction,  situated  on  a  level  with  the  superior  articular  surfaces,  and  extending  from 
the  palmar  to  the  dorsal  aspect  of  the  bones,  while  attached  to  non-articular  areas  of 
the  opposing  surfaces.  The  radio-carpal  joint  is  entirely  shut  off  from  the  inter- 
carpal joints,  and  also  from  the  joint  between  the  two  rows  of  carpal  bones,  except  in 
rare  cases,  when  an  interosseovis  ligament  is  wanting. 

The  distal  row  of  carpal  articulations  (Fig.  216)  includes  the  joints  between 
the  trapezium,  trapezoid,  os  magnum,  and  unciform  bones.  Articular  facets  occur 
on  the  opposing  lateral  faces  of  the  individual  bones. 

Associated  with  this  row  there  are  again  simple  bands  of  considerable  strength, 
and  presenting  an  arrangement  similar  to  that  seen  in  the  proximal  row.  As  in 
the  former  case,  they  invest  the  intercarpal  articulations,  except  on  the  superior 
aspect,  where  they  communicate  with  the  transverse  carpal  joint,  and  on  the  inferior 
aspect,  where  they  communicate  with  the  carpo-metacarpal  joint  cavity. 

The  anterior  or  palmar  ligaments  are  three  in  number.  They  extend  in  a  trans- 
verse direction  between  contiguous  portions  of  the  rough  palmar  surfaces  of  the 
bones.  The  posterior  or  dorsal  ligaments,  also  three  in  number,  are  similarly  dis- 
posed on  the  dorsal  aspect.  The  interosseous  ligaments  (Fig.  217)  are  two  or  three 
in  number.  That  which  joins  os  magnum  to  unciform  is  the  strongest ;  that 
between  the  trapezoid  and  os  magnum  is  situated  towards  the  dorsal  parts  of  their 
opposing  surfaces ;  the  third,  situated  between  contiguous  non-articular  surfaces 
of  the  trapezium  and  trapezoid,  is  always  the  feeblest,  and  is  frequently  absent. 

The  transverse  carpal  articulation  (Fig.  217)  is  situated  between  the  proximal 
and  distal  rows  of  the  carpus.  The  bones  of  the  proximal  row  present  the  following 
characters  on  their  inferior  or  distal  aspect  The  outer  part  of  the  articular  surface 
is  deeply  concave,  both  in  the  antero-posterior  and  in  the  transverse  directions,  but 
the  inner  part  of  the  same  surface  is  concavo-convex,  more  especially  in  the  trans- 
verse direction. 

Superiorly,  the  articular  surfaces  of  the  distal  row  of  carpal  bones  present  an 
irregular  outline.  That  part  pertaining  to  the  trapezium  and  trapezoid  is  concave 
in  the  antero-posterior  and  transverse  directions,  and  lies  at  a  considerably  lower 
level  than  the  portion  belonging  to  the  os  magnum  and  unciform,  which  is,  more- 
over, markedly  convex  in  the  antero-posterior  and  transverse  directions,  with  the 
exception  of  the  innermost  part  of  the  unciform,  where  it  is  concavo-convex  in 
both  of  these  directions. 

This  articulation  is  invested  by  a  complete  short  capsule  (Fig.  216)  which  binds 
the  two  rows  of  the  carpus  together,  and  sends  prolongations  to  the  investing 
capsules  of  the  proximal  and  distal  articulations.  The  ligament  as  a  whole  is  very 
strong,  and  individual  bands  are  not  readily  defined,  although  certain  special  bands 
may  be  described.  The  palmar  ligaments  radiate  from  the  os  magnum  to  the  scaphoid, 
cuneiform,  and  pisiform.  The  interval  between  the  os  magnum  and  semilunar  is 
occupied  by  oblique  fibres,  some  of  which  pass  from  scaphoid  to  cuneiform,  while 
these  are  joined  by  others,  prolonged  obliquely  downwards  and  inwards,  from  the 
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radial  end  of  the  anterior  radio-carpal  ligament.  By  these  different  bands  the 
palmar  aspect  of  the  joint  is  completely  closed. 

The  dorsal  ligaments  are  more  feeble  than  the  palmar.  They  form  a  thin,  loosely- 
arranged  stratum,  in  which  the  only  noteworthy  bands  are  one  which  joins  the 
scaphoid  to  os  magnum,  and  another  which  joins  cuneiform  to  unciform. 

TJie  external  lateral  ligament  (lig.  collaterale  carpi  radiale,  Fig.  217)  extends 
between  contiguous  rough  areas  on  the  radial  aspects  of  the  scaphoid  and 
trapezium.  By  its  margins  it  is  continuous  both  with  the  palmar  and  dorsal 
ligaments.  . 

The  internal  lateral  ligament  (lig.  collaterale  carpi  ulnare,  Fig.  217)  is  arranged 
like  the  former  in  regard  to  its  margins,  and  by  its  ends  it  is  attached  to  the  con- 
tiguous rough  ulnar  surfaces  of  the  cuneiform  and  unciform  bones. 

Both  of  these  lateral  ligaments  are  directly  continuous  with  the  corresponding 
lateral  ligaments  of  the  radio-carpal  joint. 

An  interosseous  ligament  (Fig.  217)  is  occasionally  found  witliin  the  capsule, 
extending  across  the  joint  cavity  between  the  os  magnum  and  the  scaphoid. 

The  pisi-cuneiform  articulation  is  an  arthrodial  diarthrosis.  The  mutual 
articular  surfaces  of  the  two  bones  are  flattened  and  circular,  and  only  permit  of  a 
small  amount  of  gliding  movement. 

The  joint  is  provided  with  a  thin  but  complete  capsule  of  fibrous  tissue,  which 
is  specially  strengthened  inferiorly  by  two  strong  bands,  viz.  pisi-unciform  (lig.  piso- 
hamatum)  and  pisi- metacarpal  (lig.  pisometacarpeum.  Fig.  216).  Both  of  these 
bands  extend  from  the  lower  and  inner  aspect  of  the  pisiform  to  adjoining  parts  of 
the  hook  of  the  unciform  and  base  of  the  fifth  metacarpal  bone  respectively.  To  a 
great  extent  these  ligamentous  bands  may  be  regarded  as  extensions  of  the  in- 
sertion of  the  tendon  of  the  flexor  carpi  ulnaris  muscle  which  is  attached  to  the 
upper  part  of  the  pisiform  bone.  Looked  at  as  ligaments,  however,  they  are 
specially  strong  to  prevent  the  displacement  of  the  pisiform  bone  during  contrac- 
tion of  the  muscle  inserted  into  it. 

The  synovial  membranes  (Fig.  217)  of  the  carpal  joints  are  two  in  number.  Of 

these,  one  is  restricted  to 
the  pisicuneiform  articula- 
tion, and  is  correspondingly 
simple,  although  occasionally 
the  joint  cavity  may  com- 
municate with  that  of  the 
radio-carpal  joint. 

The  other  synovial  mem- 
brane is  associated  with  the 
transverse  carpal  joint  which 
extends  transversely  be- 
tween the  two  rows  of  carpal 
bones,  with  prolongations 
into  the  vertical  intervals 
between  the  adjoining  bones 
of  each  row,  i.e.  the  inter- 
carpal articulations.  It  is, 
therefore,an  elaboratecavity, 
which  may  be  still  further 
extended,  by  the  absence  of 
interosseous  ligaments,  so  as 
to  reach  the  radio-carpal  and 
carpo -metacarpal  series  of 
joints.  The  first  condition 
is  rare,  but  the  second  is  not  uncommon,  and  results  from  the  absence  of  the  inter- 
osseous ligament  between  trapezium  and  trapezoid,  or  of  that  between  trapezoid 
and  OS  magnum. 
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Fig.  217. — Coronal  Section  through  the  radio-carpal,  carpal,  carpo- 
metacarpal, and  intermetacarpal  joints,  to  show  joint  cavities  and 
interosseous  ligaments  (diagrammatic). 
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INTERMETACARPAL  JOINTS. 

The  four  inner  metacarpal  bones  articulate  with  each  other  at  their  proximal 
ends  or  bases,  between  the  opposing  surfaces  of  which  joint  cavities  are  found — - 
arthrodial  diarthroses.  These  cavities  are  continuous  with  the  carpo-metacarpal 
joint  (not  yet  described),  and  hence  the  ligamentous  arrangements  only  enclose 
three  aspects  of  each  joint. 

Three  strong  transverse  ligaments  (Figs.  216  and  217)  bind  adjacent  palmar, 
dorsal,  and  interosseous  areas  of  the  bases  of  the  metacarpal  bones,  and  hence  they 
are  called  ligamenta  basium  (oss.  metacarp.)  volaria,  dorsalia  et  interossea.  A 
synovial  membrane  is  associated  with  each  of  these  joints,  but  it  may  be  regarded 
as  a  prolongation  from  the  carpo-metacarpal  articulation. 

CARPO-METAOARPAL  JOINTS. 

The  articulation  of  the  metacarpal  bone  of  the  thumb  with  the  trapezium 
differs  in  so  many  respects  from  the  articulation  between  the  other  metacarpal 
bones  and  the  carpus,  that  it  must  be  considered  separately. 

(A)  The  articulatio  carpo-metacarpea  pollicis  (Figs.  216  and  217)  is  the  joint 
between  the  infero-external  surface  of  the  trapezium  and  the  superior  surface  of 
the  base  of  the  first  metacarpal  bone.  Both  of  these  surfaces  are  saddle-shaped, 
and  they  articulate  by  mutual  co-aptation. 

The  joint-cavity  is  surrounded  by  a  fibrous  capsule,  in  which  we  may  recognise 
palmar,  dorsal,  external,  and  internal  lateral  bands,  the  last  being  the  strongest  and 
most  important. 

Synovial  membrane  lines  the  capsule,  and  the  joint-cavity  is  isolated  and  quite 
separate  from  the  other  carpal  and  carpo-metacarpal  articulations. 

At  this  joint  movements  occur  about  at  least  three  axes.  Thus,  around  a  more  or  less  trans- 
verse axis,  flexion  and  extension  take  lAace  ;  in  an  antero -posterior  axis  abduction  and  adduction 
(movements  which  have  referent^  to  the  middle  line  of  tlie  hand)  are  found  ;  while  a  certain 
amount  of  rotation  is  possible  in  ^e  longitudinal  axis  of  the  digit.  The  very  characteristic 
movement  of  opposition,  in  which  the  tip  of  the  thumb  may  be  applied  to  the  tips  of  all  the 
fingers,  results  from  a  combination  of  flexion,  adduction,  and  rotation,  and  l)y  combining  all  the 
movements  possible  at  the  various  axes,  a  considerable  degree  of  circumduction  may  be  produced, 
in  spite  of  the  fact  that  this  is  not  a  ball-and-socket  joint. 

(B)  The  articulationes  carpo-metacarpese  digitorum  are  the  joints  between 
the  bases  of  the  four  inner  metacarpal  bones  and  the  four  bones  of  the  distal  row 
of  the  carpus.  They  are  all  arthrodial  diarthroses,  and  the  opposed  articular 
surfaces  present  alternate  Elevations  and  depressions  which  form  a  series  of 
interlocking  joints.  The  joint-cavities  between  the  carpal  bones  of  the  distal  row, 
and  also  the  more  extensive  intermetacarpal  joint  cavities,  open  into  this  arti- 
culation. 

This  series  of  joints  is  invested  by  a  common  capsule  which  is  weakest  on  its 
radial  side,  but  is  otherwise  well  defined.  Its  fibres  arrange  themselves  in  small 
slips,  which  pass  obliquely  in  different  directions,  and  vary  in  number  for  each 
metacarpal  bone.  Thus  the  oblique  palmar  ligaments  (ligamenta  carpo-metacarpea 
volaria,  Fig.  215)  usually  consist  of  one  slip  for  each  metacarpal  bone,  but  there 
may  be  two  slips,  and  the  third  metacarpal  bone  frequently  has  three,  of  which 
one  lies  obliquely  in  front  of  the  tendon  of  the  flexor  carpi  radialis  muscle. 

The  oblique  dorsal  ligaments  (ligamenta  carpo-metacarpea  dorsalia)  are  similar 
short  bands,  of  greater  strength  and  clearer  definition,  by  which  the  index  meta- 
carpal is  bound  to  the  trapezium  and  trapezoid ;  the  middle  metacarpal  to  the 
OS  magnum,  and  frequently  to  the  trapezoid;  the  ring  metacarpal  to  the  os 
magnum  and  unciform,  and  the  metacarpal  of  the  minimus  to  the  unciform. 

Interosseous  ligaments,  one  or  sometimes  two  in  number,  occur  within  the  capsule. 
They  are  usually  situated  in  relation  to  one  or  both  of  the  contiguous  margins  of 
the  bases  of  the  third  and  fourth  metacarpal  bones,  from  which  they  extend  upwards 
to  adjacent  margins  of  the  os  magnum  and  unciform.  Occasionally  they  are 
sufficiently  developed  to  divide  the  joint  cavity  into  radial  and  ulnar  sections. 
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The  synovial  membrane  (Fig.  217)  is  usually  single  and  lines  the  capsule,  but, 
as  already  explained,  it  has  prolongations  into  the  intermetacarpal  and  inter- 
carpal series  of  joints.  In  connexion  with  the  latter,  the  frequent  absence  of 
the  interosseous  ligament  between  the  trapezium  and  trapezoid  permits  the  free 
communication  of  this  joint-cavity  with  that  of  the  transverse  carpal  joint. 


METACARPO-PHALANGEAL  JOINTS. 


articulation  in  the 
those  of  an  inter- 


In  the  case  of  the  pollex  this  joint  is  constructed  on  the  plan  of  a  ginglymus 
diarthrosis ;  the  four  corresponding  joints  of  the  fingers  are  also  diarthroses  of  a 
slightly  modified  l)all-and-socket  variety.    With  the  exception  of  the  metacarpal 

l)one  of  the  pollex,  each  metacarpal  bone  has  a  somewhat 
spherical  head  articulating  with  a  shallow  oval  cup  upon 
the  base  of  the  first  phalanx.  The 
thumb  presents  features  similar  to 
phalangeal  joint. 

Each  joint  possesses  an  articular  capsule  (Fig.  218) 
which  presents  very  different  degrees  of  strength  in  differ- 
ent aspects  of  the  articulation.  Thus,  on  the  dorsal  aspect, 
it  cannot  be  demonstrated  as  an  independent  structure, 
but  the  necessity  for  dorsal  ligaments  is  to  a  large  extent 
obviated  by  the  presence  of  the  strong  flattened  expansions 
of  the  extensor  tendons. 

The  internal  and  external  lateral  ligaments  (ligamenta 
collateralia,  Fig.  218)  are  strong  cord-like  bands  which  pass 
from  the  tubercles  and  adjacent  depressions  on  the  sides 
of  the  heads  of  the  metacarpal  bones  to  the  contiguous 
non-articular  areas  on  the  bases  of  the  proximal  phalanges. 
They  are  intimately  connected  on  their  anterior  aspects 
with  the  palmar  ligaments. 

The  palmar  ligaments  consist  of  thick  plates  of  fibro- 
cartilage  loosely  connected  to  the  metacarpal  bones,  but 
firmly  adherent  to  the  phalanges.  They  are  placed 
between  the  lateral  ligaments,  to  both  of  which  they  are 
in  each  case  connected.  Each  plate  is  grooved  on  the 
palmar  surface  for  the  long  flexor  tendons,  whilst  on  its 
reverse  or  joint  surface  it  supports  and  glides  upon  the 
head  of  the  metacarpal  bone  during  flexion  and  extension 
of  the  joint.  In  the  case  of  the  thumb  this  plate  of 
fibro-cartilage  usually  develops  two  sesamoid  bones,  and 
in  the  case  of  the  index  finger  one  such  sesamoid  nodule 
is  frequently  found  at  the  radial  side  of  the  plate. 

An  important  accessory  ligament  is  found  in  con- 
nexion with  the  four  inner  metacarpo  -  phalangeal 
articulations,  viz. : — • 
The  Transverse  Metacarpal  Ligament. — This  structure  binds  together  the  distal 
extremities  of  the  four  inner  metacarpal  bones.  The  name  is  applied  to  three  sets 
of  transverse  fibres  of  great  strength  which  are  situated  in  front  of  the  three  inner 
interosseous  spaces.  These  fibres  are  continuous  with  the  palmar  metacarpo- 
phalangeal ligaments  at  tlieir  lateral  margins. 

A  synovial  membrane  Hues  the  investing  capsule  of  each  joint. 


Capsule 


Lateral  ligament 


Fig.  218. — Metacarpo-phalan- 
oeal  and  interi'halangeal 
Joints. 


INTERPHALANGEAL  JOINTS. 

Of  these  joints  there  are  two  for  each  finger  and  one  for  the  thumb.  They  all 
correspond,  in  being  ginglymus  diarthroses  in  which  the  trochlear  character  of  their 
articular  surfaces  is  associated  with  one  axis  of  movement  directed  transversely. 

In  their  general  arrangement  they  correspond  with  each  other,  and  to  a  large 
extent  with  the  metacarpo-phalangeal  series  already  described.    Each  is  provided 
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with  a  definite  capsule  (Fig.  218),  of  which  the  palmar  and  cord-like  lateral  portions 
are  well  marked,  while  on  the  dorsal  aspect  the  extensor  tendons  act  as  the  chief 
support.  The  palmar  ligaments  are  fibrous  plates  of  considerable  thickness,  and 
are  attached  to  the  two  lateral  ligaments  and  to  the  intervening  rough  surface  on 
the  distal  phalanges,  while  their  proximal  margins  are  not  attached  to  bone.  Each 
ligament  has  its  lateral  margins  prolonged  proximally  to  the  adjacent  sharply- 
defined  lateral  ridges  on  the  phalangeal  shafts. 

The  lateral  ligaments  (Fig.  218)  are  strong,  rounded,  short  bands,  continuous  with 
the  preceding,  and  attached  to  adjacent  non-articular  lateral  aspects  of  the  phalanges. 

Each  joint  possesses  a  synovial  membrane  which  lines  its  capsule,  but  its 
arrangement  presents  no  special  peculiarity. 

Movements  of  the  Carpal,  Intermetacarpal,  Metacarpo-phalangeal 

AND  InTERPHALANGEAL  JOINTS. 

The  amount  of  movement  which  is  possible  at  individual  joints  of  the  intercarpal,  inter- 
nietacar]jal,  and  carpo-metacarjjal  series  is  extremely  limited,  both  on  account  of  the  interlocking 
nature  of  the  articukir  surfaces  and  the  restraining  character  of  the  ligamentous  l)ands.  Taken 
as  a  wliole,  however,  the  movements  of  the  carpus  and  nietacarjjus  enable  the  liand  to  perform 
many  varied  and  important  functions.  Tliis  is  largely  due  to  the  greater  mobility  of  those  joints 
on  the  radial  and  ulnar  Ijorders  of  the  hand,  as  well  as  to  the  general  elasticity  of  the  arches 
formed  by  the  carpus  and  metacarpus.  Tliese  conditions  particularly  favour  the  movements  of 
opposition  and  i)rehension.  In  the  opposite  direction,  i.e.  wlien  pressure  is  applied  from  the 
jjaimar  aspect,  tlie  metacarpal  and  carpal  arches  tend  to  become  flattened,  but  great  elasticity  is 
ini2:iarted  by  the  tension  of  the  various  ligaments. 

The  four  inner  metacarpo-jihalangeal  joints  are  ball-and-socket  joints,  and  movements  of 
palmar-flexion  and  extension  are  freely  performed  about  a  transverse  axis.  In  exceptional  cases 
a  certain  amount  of  dorsi-fiexion  is  possible.  About  an  antero-posterior  axis  movements  occur 
which  are  usually  referred  to  the  middle  line  of  the  hand,  and  hence  called  abduction  and 
adduction. 

The  movements  of  the  index  finger  are  less  hamjjered"  than  in  the  case  of  the  others,  l)ut 
each  of  them  can  perform  a  modified  kind  of  circumduction. 

The  metacarj^o-phalangeal  iom^  of  the  thumlj  and  all  the  interj^lialangeal  joints  are  uniaxial 
or  hinge-joints  acting  aliout  a  transverse  axis,  which  permits  of  palmar-flexion  and  extension 
being  freely  performed,  ljut  dorsi-flexion  is,  as  a  rule,  entirely  prevented  by  the  palmar  and  lateral 
ligaments. 


ARTICULATIONS  AND  LIGAMENTS  OF  THE  PELVIS. 

Although  we  may  consider  the  pelvis  as  a  separate  part  of  the  skeleton,  yet  it 
is  essential  to  remember  that  the  bones  which  enter  into  its  composition  belong  to 
the  spinal  column  (sacrum,  cocbyx)  and  the  lower  limb  (innominate  bone).  Accord- 
ingly, the  articulations,  with  their  corresponding  ligaments,  may  be  arranged  as 
follows : — 

(a)  Those  by  which  the  segments  of  the  coccyx  are  joined  together  (already 
described,  v.  p.  256); 

(&)  That  by  which  the  sacrum  articulates  with  the  coccyx  (already  de- 
scribed, V.  p.  256) ; 

(c)  Those  by  which  the  sacrum  articulates  with  the  last  lumbar  vertebra 
(Lumbo-sacral  joints) ; 

{d)  Those  by  which  the  innominate  bones  are  attached  to  the  spinal 
column  (Sacro-iliac  joints) ; 

{e)  That  by  which  the  innominate  bones  are  attached  to  each  other  (Sym- 
physis pubis). 

LUMBO-SACRAL  JOINTS. 

The  articulation  of  sacrum  with  the  fifth  lumbar  vertebra  is  constructed 
precisely  on  the  principle  of  the  articulations  between  two  typical  vertebrie,  and 
the  usual  ligaments  associated  with  such  joints  are  repeated.  There  is,  however,  an 
additional  accessory  ligament,  termed  the  lateral  lumbo-sacral  ligament  (Fig.  219). 
This  extends  from  the  front  of  the  inferior  border  of  the  transverse  process  of  the 
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last  lumbar  vertebra,  downwards  and  slightly  outwards,  to  the  front  of  the  lateral 
aspect  of  the  ala  of  the  sacrum,  close  to  the  sacro-iliac  joint.  Further,  a  variable 
membranous  band  extends  between  the  lateral  aspect  of  the  lower  part  of  the  body 
of  the  last  lumbar  vertebra  and  the  front  of  the  ala  of  the  sacrum.  This  band  lies 
in  front  of  the  anterior  primary  division  of  the  fifth  lumbar  nerve. 


SACRO-ILIAC  JOINT. 


Anterior  common  ligament 


Tlio-lumbar  ligaments 


Inferior  ilio-lunibar  ligament 


Lnmbo  sacral 
ment 


Anterior 

'  sacro- 

iliac 

Great  sacr( 
sciatic  ligamei 


ligament 


Each  innominate  bone  articulates  with  the  sacral  section  of  the  spinal  column 
on  each  side  through  the  intervention  of  a  diarthrosis,  termed  the  sacro-iliac  joint 
(articulatio  sacroiliaca). 

This  joint  is  formed  between  the  contiguous  auricular  surfaces  of  the  sacrum 
and  ilium.  Each  of  these  surfaces  is  more  or  less  completely  clothed  by  hyaline 
articular  cartilage.  The  joint-cavity,  which  is  little  more  than  a  capillary  interval, 
may  be  crossed  by  fibrous  bands. 

The  joint-cavity  is  surrounded  by  ligaments  of  varying  thickness  and  strength, 
which  constitute  its  capsule.    Thus  the  anterior  part  of  the  investing  capsule  is^ 

thin,  and  con- 
sists of  short 
but  strong 
fibres  which 
pass  between 
adjoining  sur- 
faces on  the  ala 
of  the  sacrum 
and  the  iliac 
fossa  of  the 
inn  om  inate 
bone;  they 
form  the 
anterior  sacro- 
iliac ligament 
(lig.  sacro-ilia- 
cum  aiiterius, 
Fig.  219).  On 
the  posterior 
aspect  there 
are  two  liga- 
ments. The 
short  poaterior 
sacro-iliac  liga- 
ment  (lig- 

saero-iliacum  posterius  breve.  Fig.  220)  consists  of  numerous  strong  fasciculi, 
which  pass  from  the  rough  area  on  the  inner  aspect  of  the  ilium,  above  and  behind 
its  auricular  surface,  downwards  and  inwards  to  the  transverse  tubercles  and  the 
depressions  behind  the  first  and  second  segments  of  the  sacrum.  This  ligament 
is  of  great  strength,  and  with  its  fellow  it  is  responsible  for  suspending  the 
sacrum  and  the  weight  of  the  superimposed  trunk  from  the  innominate  bones. 

The  long  or  oblique  posterior  sacro-iliac  ligament  (lig.  sacro-iliacum  posterius 
longum.  Fig.  220)  is  a  superficial  thickened  portion  of  the  preceding  ligament. 
It  consists  of  a  definite  band  of  fibres  passing  from  the  postero-superior  iliac  spine 
to  the  transverse  tubercles  of  the  third  and  fourth  segments  of  the  sacrum. 

The  synovial  cavity  of  this  joint  is  very  imperfect  and  rudimentary. 

Several  accessory  ligaments  are  associated  with  the  articulation  of  the  in- 
nominate bone  to  the  sacral  section  of  the  spinal  column. 

The  ilio-lumbar  ligament  (lig.  ilio-lumbale.  Fig.  219),  which  is  merely  the 
thickened  anterior  lamina  of  the  fascia  luniborum,  extends  from  the  tip  of  the 
transverse  process  of  the  last  lumbar  vertebra,  almost  horizontally  outwards,  to  the 
inner  lip  of  the  iliac  crest  at  a  point  a  short  distance  behind  its  highest  level. 


Fio.  219. — Pelvic  Joints  as  seen  prom  the  Peont. 
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Ilio  lumbar  ligament 


Short  posterior 
sacro-iliac  ligament 


Posterior  sacro 
coccygeal  ligt. 
Small  sacro 
sciatic 


Ischio-capsular 
lisaiiient 


A  proportion  of  these  fibres  is  attached  to  the  inner  rongh  surface  of  tlie  ilium 
between  the  iliac  crest  and  the  auricular  impression.  To  these  the  name  of  the 
lig.  ilio-lumbale  inferius  is  applied  (Fig.  219). 

The  great  or  posterior  sacro-sciatic  ligament  (lig.  sacro-tuberosum,  Fig.  220) 
is  somewhat  triangular  in  outline.  It  occupies  the  interval  between  the  sacrum 
and  the  innominate  bone,  and  is  attached  mesially,  to  the  posterior  inferior  spine 
of  the  ilium ;  to  the  posterior  aspect  of  the  transverse  tubercles  and  lateral 
margins  of  the  third, 
fourth,  and  fifth  seg- 
ments of  the  sacrum, 
as  well  as  to  the 
side  of  the  first  seg- 
ment of  the  coccyx. 
It  passes  down- 
wards and  outwards, 
becoming  narrower 
as  it  approaches  the 
ischium,  near  to 
which,  however,  it 
again  expands,  to  be 
attached  to  the 
inner  side  of  the 
ischial  tuberosity, 
immediately  below 
the  groove  for  the 
tendon  of  the  ob- 
turator internus 
muscle, i.e.  the  lesser  x 

sciatic  notch.  A  continuation  of\the  inner  border  of  the  ligament — the  processus 
falciformis  (Fig.  220)  —  runs  upwards  and  forwards  on  the  inner  aspect  of  the 
ramus  of  the  ischium. 

The  great  sacro-sciatic  ligament  is  believed  by  many  to  represent  the  original 
or  proximal  end  of  the  long  or  ischial  head  of  the  biceps  flexor  cruris  muscle. 

The  small  or  anterior  sacro-sciatic  ligament  (lig.  sacro-spinosum.  Figs.  219  and 
220)  is  situated  in  front,  and  in  a  measure  under  cover  of  the  great  sacro-sciatic 
ligament.  Triangular  in  form,  it  is  attached  by  its  base  to  the  last  two  segments  of 
the  sacrum  and  the  first  segment  of  the  coccyx,  and  by  its  pointed  apex  to  the  tip 
and  upper  aspect  of  the  ischial  spine.  This  ligament  is  intimately  associated 
with  the  coccygeus  muscle,  3,nd  by  some  it  is  regarded  as  being  derived  from  it  by 
fibrous  transformation  of  the  muscle  fasciculi. 

By  the  great  and  small  sacro-sciatic  ligaments  the  two  sciatic  notches  of  the 
innominate  bone  are  converted  into  foramina.  Thus  the  small  sacro-sciatic  liga- 
ment completes  the  boundaries  of  the  great  sciatic  foramen  (foramen  ischiadicum 
majus) ;  while  the  great  sacro-sciatic  ligament,  assisted  by  the  small  sacro-sciatic 
ligament,  closes  the  small  sciatic  foramen  (foramen  ischiadicum  minus). 


Fig.  220. — Pelvic  Ligaments  as  seen  feom  behind. 


SYMPHYSIS  PUBIS. 

The  anterior  wall  of  the  osseous  pelvis  is  completed  by  the  articulation  of  the 
bodies  of  the  two  pubic  bones  constituting  the  symphysis  pubis.  This  joint  con- 
forms in  its  construction  to  the  general  plan  of  an  amphiarthrosis.  Thus  it  is 
mesial  in  position ;  each  pubic  bone  is  covered  by  a  layer  of  hyaline  cartilage, 
which  closely  adapts  itself  to  the  rough  tuberculated  surface  of  the  pubic  bone ; 
while  between  these  two  hyaline  plates  there  is  an  interposed  fibro-cartilage 
(lamina  fibro-cartilaginea  interpubica),  in  the  interior  of  which  there  is  usually 
a  vertical  antero-posterior  cleft.  This  cavity,  which  is  placed  nearer  the  posterior 
than  the  anterior  aspect  of  the  joint,  does  not  appear  until  between  the  seventh 
and  tenth  years,  and  as  it  is  not  lined  by  a  synovial  membrane,  it  is  supposed  to 
result  from  the  breaking  down  of  the  interpubic  lamina. 
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The  anterior  pubic  ligament  (lig.  pubicum  anterius,  Fig.  219)  is  a  structure  of 
considerable  thickness  and  strength,  Its  superficial  fibres,  which  are  derived  very 
largely  from  the  tendons  and  aponeuroses  of  adjoining  muscles,  are  oblique,  and 
form  an  interlaced  decussation.  The  deeper  fibres  are  short,  and  extend  trans- 
versely from  one  pubic  bone  to  the  other. 

The  posterior  pubic  ligament  (lig.  pubicum  posterius,  Fig.  220)  is  very  weak, 
and  consists  of  scattered  fibres  which  extend  transversely  between  contiguous 
pubic  surfaces  posterior  to  the  articulation. 

The  superior  pubic  ligament  (lig.  pubicum  superius,  Fig.  219)  is  likewise  weak, 
and  consists  of  transverse  fil)res  passing  between  the  two  pubic  crests. 

The  inferior  or  subpubic  ligament  (lig.  pubicum  inferius  vel  lig.  arcuatum  pubis, 
Fig.  220)  occupies  the  arch  of  the  pubis,  and  is  of  considerable  strength.  It  gives 
roundness  to  the  puliic  arch  and  forms  part  of  the  pelvic  outlet.  It  has  con- 
siderable vertical  thickness  immediately  below  the  interpubic  disc  to  which  it  is 
attached.  Laterally  it  is  attached  to  adjacent  sides  of  the  descending  rami  of  the 
pubis.  Its  lower  border  is  free,  and  separated  from  the  triangular  ligament  of 
the  perineum  by  a  transverse  oval  interval  through  which  the  dorsal  vein  of  the 
penis  passes  backwards  to  the  interior  of  the  pelvis. 

The  Triangular  Ligament  of  the  Perineum. 

The  triangular  ligament  of  the  perineum  is  a  membranous  structure  which 
occupies  the  pubic  arch  below,  and  is  distinct  from  the  subpubic  ligament.  It  assists 
in  completing  the  pelvic  walls  anteriorly  in  the  same  manner  that  the  obturator 
membrane  does  laterally.  Indeed,  these  two  structures  occupy  the  same  mor- 
phological plane.  The  triangular  ligament  presents  two  surfaces — one  superficial 
or  perineal ;  the  other  deep,  or  pelvic,  and  both  of  these  surfaces  are  associated 
witli  muscles.  Its  lateral  borders  are  attached  to  the  sides  of  the  pulnc  arch, 
while  its  base  is  somewhat  ill-defined,  by  reason  of  its  fusion  with  the  fascia  of 
Colles  in  the  urethral  region  of  the  perineum. 

The  apex  of  the  triangular  ligament  is  truncated,  free,  and  well-defined,  constitut- 
ing the  transverse  perineal  ligament,  above  which  there  is  the  interval  for  the  dorsal 
vein  of  the  penis.  It  is  pierced  by  a  number  of  vessels  and  nerves,  but  the 
principal  opening  is  situated  mesially  one  inch  below  the  pubic  arch,  and  transmits 
the  uiethra. 

The  Obturator  Membrane. 

The  obturator  membrane  (membrana  obturatoria,  Fig.  219)  occupies  the 
obturator  or  thyroid  foramen.  It  is  attached  to  the  pelvic  aspect  of  the 
circumference  of  this  foramen.  It  consists  of  fibres  irregularly  arranged  and  of 
varying  strength,  so  that  sometimes  it  almost  appears  fenestrated.  At  the  highest 
part  of  the  foramen  it  is  incomplete  and  forms  a  U-shaped  border,  between  which 
and  the  bony  circumference  of  the  foramen,  the  obturator  canal  (canalis  obtura- 
torius)  is  formed.  In  this  position  the  membrane  is  continuous  with  the  parietal 
pelvic  fascia  which  clothes  the  inner  side  of  the  obturator  internus  muscle,  above 
the  upper  free  margin  of  the  muscle.  From  the  outer  or  crural  aspect  of  the 
membrane  some  of  its  fibres  are  prolonged  to  the  antero-inferior  aspect  of  the 
capsule  of  the  hip-joint. 

Mechanism  and  Movements  of  the  Pelvis. — The  human  pelvis  presents  a  mechanism  the 
principal  requirement  of  wliicli  is  stability  and  not  movement,  for,  through  the  pelvis,  the  weight 
of  the  trunk,  superimposed  upon  the  sacrum,  is  transmitted  to  the  lower  limbs.  Moreover,  its 
stability  is  largely  concerned  in  the  maintenance  of  the  erect  attitude.  The  movements  of  its 
various  j)arts  are  therefore  merely  such  as  are  consistent  with  stability,  without  producing  absolute 
rigidity. 

The  two  innominate  bones,  being  bound  together  by  powerful  ligaments  at  the  pubic  articula- 
tion, constitute  an  inverted  arch,  of  which  the  convexity  is  directed  downwards  and  forwards, 
while  its  piers  are  turned  ujjwards  and  backwards,  and  considerably  expanded  in  relation  to  the 
hinder  parts  of  the  iliac  bones.  Between  the  piers  of  this  inverted  arch  the  sacrum  is  situated. 
This  bone  is  in  no  sense  a  key-stone  to  an  arch,  because,  as  may  readily  be  seen  in  antero-posterior 
transverse  section,  the  sacrum  is  wider  in  front  than  behind,  and  the  superposed  weight  naturally 
tends  to  make  the  sacrum  fall  towards  the  jjelvic  cavity,  and  so  fit  less  closely  between  the 
innominate  bones.    The  sacrum  is  in  reality  an  ol^lic^ue  platform,  in  contact  with  each  innominate 
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bone  through  its  articular  auricular  surfaces,  and  in  this  position  it  is  suspended  by  the  posterior 
sacro-iliac  ligaments,  and  kept  securely  in  place  by  the  "  grip  "  due  to  the  irregularity  of  the 
opposed  surfaces  of  the  two  sacro-iliac  articulations.  Since  the  weight  of  the  trunk  is  trans- 
mitted to  the  anterior  and  upjjer  end  of  this  sacral  platform,  there  is  a  natural  tendency  for  the 
sacrum  to  revolve  upon  the  transverse  axis  which  passes  through  its  sacro-iliac  joints.  If  this 
were  permitted,  the  jiromontory  of  the  sacrum  would  descend  downwards  and  forwards  towards 
the  pelvic  cavity,  as  really  does  occur  in  certain  deformities.  This  revolution  or  tilting  up- 
wards of  the  forepart  of  the  sacrum  is  prevented  by  the  action  of  the  great  and  small  sacro- 
sciatic  ligaments,  extending  from  the  ischial  tuberosity  to  the  hinder  and  lower  end  of  the 
suspended  platform  of  the  sacrum.  Not  only  so,  but  these  ligaments,  acting  on  a  rigid  sacrum, 
tend  to  hold  up  the  weight  upon  the  sacral  promontory. 

The  various  ligaments  passing  between  the  last  lumbar  vertebra  and  the  sacrum  and  ilium 
retain  the  weight  of  the  trunk  in  position  upon  the  anterior  end  of  the  sacrum,  and  resist  its 
tendency  to  slip  forwards  and  downwards  towards  the  pelvic  cavity.  The  entire  weight  of  the 
trunk  and  pelvis  is  transmitted  to  the  heads  of  the  thigh  bones  in  the  most  advantageous 
position,  both  for  effectiveness  and  the  strengthening  of  the  inverted  innominate  arch,  for  it  will 
be  evident  that  the  heads  of  the  femora  thrust  inwards  upon  the  convex  side  of  the  arch,  very 
much  at  the  place  where  the  arches  are  weakest,  viz.  at  the  springing  of  the  arch  from  its  piers. 
The  forces  which  tend  to  cause  movement  of  the  j^elvic  bones  during  parturition  act  from  within 
the  pelvis,  and  have  for  their  object  the  increase  of  the  various  jjelvic  diameters,  in  order  that 
the  foBtal  head  may  more  readily  be  transmitted.  For  tliis  purpose  the  wedge-like  dorsal  surface 
of  the  sacrum  is  driven  backwards,  and  a  certain  amount  of  extra  space  may  thereby  be  obtained. 
An  important  factor,  however,  in  the  increase  of  the  pelvic  capacity  at  this  period  is  found  in 
the  relaxation  of  its  various  ligaments. 
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THE  ARTICULATIONS  OF  THE  LOWER  EXTREMITY. 

THE  HIP-JOINT. 

The  human  body  provides  no  more  perfect  example  of  an  enarthrodial  diarthrosis 
than  the  hip-joint  (articulatio  coxai).  Combined  with  all  that  variety  of  movement 
which  characterises  a  multi-axial  joint,  it  nevertheless  presents  great  stability,  which 
has  been  obtained  by  simple  arrangen^nts,  for  restricting  the  range  of  its  natural 
movements.  This  stability 
is  of  paramount  importance 
for  the  maintenance  ofi  the 
erect  attitude,  and  the  me- 
chanical adaptations  whereby 
this  result  is  obtained  are 
such  that  the  erect  attitude 
may  be  preserved  without 
any  great  degree  of  sustained 
muscular  effort. 

Articular  Surfaces. — TRe 
head  of  the  femur  is  globular 
in  shape,  and  considerably 
exceeds  a  hemisphere.  It  is 
clothed  by  hyaline  articular 
cartilage  on  those  parts  which 
come  into  direct  contact  with 
the  acetabulum.  There  is 
frequently  more  or  less  of 
extension  of  the  articular 
cartilage  from  the  head  to 
the  adjoining  anterior  part 
of  the  neck,  an  extension 
which  is  accounted  for  by 
the  close  and  constant  apposi- 
tion of  this  portion  of  the 
neck  with  the  hinder  aspect 
of  the  ilio-femoral  ligament. 
The  limit  of  the  articular 
cartilage  covering  the  head  is  indicated  by  a  sinuous  border.  Further,  there  is  an 
absence  of  articular  cartilage  from  the  pit  or  depression  on  the  head  of  the  femur. 


Transverse  acetabular  ligament, 


Fig.  221.— Dissection  of  the  Hip-Joint. 

Bottom  of  the  acetabulum  lemoved,  and  capsule  of  the  joint  thrown 
outwards  towards  the  trochanters. 
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The  acetabulum  is  a  deep  cup-shaped  cavity  which  presents  an  interruption  or 
notch  on  its  antero-inferior  margin.  The  interior  of  the  cup  is  lined  by  a  ribbon- 
like band  of  articular  cartilage  which  extends  to  the  brim  of  the  cavity,  but 
does  not  cover  the  floor  of  the  cup.  This  articular  ribbon-shaped  band  is  widest  on 
its  supero-posterior  aspect,  and  narrowest  at  the  anterior  margin  of  the  notch. 

The  transverse  ligament  (lig.  transversum  acetabuli,  Fig.  221)  bridges  the  ace- 
tabular notch,  and  consists  of  strong  transverse  fibres  which  are  attached  to  both 
of  its  margins,  but  more  extensively  to  the  postero-inferior.  This  ligament  does 
not  entirely  fill  the  notch,  but  leaves  an  open  interval  between  its  lower  border  and 
the  bottom  of  the  notch  through  which  vessels  and  nerves  enter  the  cup.  The 
acetabular  aspect  of  this  ligament  constitutes  an  articular  surface. 

The  acetabulum  is  deepened  by  the  cotyloid  ligament  (labrum  glenoidale, 
Figs.  221  and  222).  This  ligament  consists  of  a  strong  ring  of  fibro-cartilaginous 
tissue  attached  to  the  entire  rim  of  the  cup.  The  attached  surface  of  the  ring  is 
broader  than  its  free  edge,  and,  moreover,  the  latter  is  somewhat  contracted,  so 
that  the  ligament  grasps  the  head  of  the  femur  which  it  encircles.  Its  fibres  are 
partly  oblique  and  partly  circular  in  their  direction.  By  the  former  it  is  firmly 
implanted  on  the  rim  of  the  acetabulum  and  the  transverse  ligament  of  the  notch ; 
by  the  latter  the  depth  of  the  cup  is  increased  through  the  elevation  of  its  edge, 
and  its  mouth  slightly  narrowed.    By  one  surface  this  ligament  is  also  articular. 

A  capsule  (capsula  articularis.  Figs.  220  and  222)  completely  invests  the  joint- 
cavity.  This  is  a  fibrous  membrane  of  great  strength,  although  it  is  not  of  equal 
thickness  throughout,  being  considerably  thicker  on  the  supero-anterior  aspect  than 
at  any  other  part.  Unlike  the  corresponding  structure  of  the  shoulder- joint,  it  does 
not  permit  of  the  withdrawal  of  the  head  of  the  femur  from  contact  with  the  aceta- 
bular articular  surfaces,  except  to  a  very  limited  extent.  Its  fibres  are  arranged 
both  in  the  circular  and  in  the  longitudinal  direction,  the  former,  known  as  the 
zona  orbicularis,  being  best  marked  posteriorly,  while  the  longitudinal  fibres  stand 
out  more  distinctly  in  front,  where  they  constitute  special  ligaments.  Looked  at 
as  a  whole,  the  capsule  has  the  following  attachments : — superiorly  it  surrounds 
the  acetabulum,  on  the  upper  and  hinder  aspects  of  which  it  is  attached  directly 
to  the  innominate  bone,  while  on  the  front  and  lower  aspects  it  is  attached  to  the 
non  -  articular  surfaces  of  the  cotyloid  and  transverse  ligaments ;  inferiorly  it 
encircles  the  neck  of  the  femur,  where  it  is  attached  in  front  to  the  anterior  inter- 
trochanteric line  ;  above,  to  the  inner  aspect  of  the  root  of  the  great  trochanter ; 
below,  to  the  lower  part  of  the  neck  of  the  femur,  in  close  proximity  to  the  small 
trochanter ;  behind,  to  the  line  of  junction  of  the  outer  and  middle  thirds  of  the 
neck  of  the  femur.  It  is  a  matter  of  some  importance  to  note  that  only  part 
of  the  posterior  surface  of  the  neck  of  the  femur  is  enclosed  within  the  capsule. 
The  femoral  attachments  of  the  capsule  vary  considerably  in  their  strength,  being 
particularly  firm  above  and  in  front,  but  much  weaker  below  and  behind,  where 
the  orbicular  fibres  are  well  seen.  Many  fibres  of  the  capsule  are  reflected  from 
its  deep  aspect  upwards  iipon  the  neck  of  the  femur,  where  they  form  ridges,  and 
to  these  the  term  rectinacula  (Fig.  221)  is  applied. 

The  longitudinal  fibres  of  the  capsule  are  arranged  so  as  to  form  certain  definite 
bands,  viz. : — 

(1)  The  ilio-femoral  ligament  (lig.  ilio  -  femorale.  Fig.  222)  consists  of  a  tri- 
angular set  of  fibres  attached  above,  by  their  apex,  to  the  lower  part  of  the  anterior 
inferior  iliac  spine  and  the  immediately  adjoining  part  of  the  rim  of  the  aceta- 
bulum, and  below,  by  their  base,  to  the  anterior  intertrochanteric  line  of  the  femur. 
This  ligament  is  the  thickest  part  of  the  capsule,  but  its  sides  are  more  pronounced 
than  its  centre,  especially  towards  its  base.  Conseqiiently  the  ilio-femoral  band 
presents  some  resemblance  to  an  inverted  Y  (A),  and  therefore  it  is  very  generally 
known  as  the  Y-shaped  ligament  of  Bigelow. 

Tlie  outer  or  upper  limb  of  the  ilio-femoral  ligament  may  be  somewhat  extended  by  the 
inclusion  of  additional  longitudinal  fibres,  and  described  as  the  ilio-trochanteric  ligament  (lig. 
ilio-trochantericum).  This  band  arises  from  the  anterior  part  of  the  dorsum  of  the  acetabulum, 
and  extends  to  the  femoral  neck,  close  to  the  anterior  end  of  the  inner  surface  of  the  great 
trochanter. 


HIP-JOINT. 


287 


Anterior  inferior- 
iliac  spine 


Cotyloid  ligament 
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(2)  The  pubo-femoral  or  pubo-capsular  ligament  (lig.  pubo  -  femorale  v.  pubo- 
capsulare,  I'ig.  222)  is  composed  of  some  bands  of  fibres  of  no  great  strength, 
wliich  extend  from 

the  outer  end  of  the 
horizontal  ramus  of 
the  pubis,  the  ilio- 
pectineal  eminence, 
the  obturator  crest 
and  the  obturator 
membrane,  to  lose 
themselves  for  the 
most  part  in  the  cap- 
sule, although  a  cer- 
tain proportion  of 
them  may  be  traced 
to  the  inferior  aspect 
of  the  femoral  neck, 
where  they  adjoin 
the  lower  attachment 
of  the  Y-shaped  liga- 
ment. 

(3)  The  ischio-cap- 
sular  ligament  (lig. 
ischio-capsulare,  Fig. 
220)  consists  of  a 
broad  band  of  short, 
fairly  strong  longi- 
tudinal fibres,  which, 
by  their  upper  ends, 
are  attached  to  the 
ischium  between  the 

small  sciatic  notch  and  the  obturator  foramen,  while  their  lower  ends  become 
merged  in  the  zona  orbicularis  of  the  general  capsule. 

Within  the  capsule,  and  quite  distinct  from  it,  there  are  the  ligamentum  teres 
and  the  Haversian  gland. 

The  interarticular  ligament  (lig.  teres  femoris.  Fig.  221)  is  a  strong,  somewhat 
flattened  band  of  fibrous  tissue,  attached  by  one  end  to  the  upper  half  of  the  pit 
or  depression  on  the  head  of  the  femur.  By  its  inner  end  it  is  attached  to  the 
lower  edge  of  the  articular  surface  of  the  transverse  ligament,  with  extensions  to 
the  opposite  borders  of  the  acetabular  notch,  but  chiefly  to  the  hinder  or  ischial 
border.  This  ligament  varies  very  greatly  in  its  strength  and  development  in 
different  subjects,  and  in  certain  rare  cases  it  is  absent. 

The  so-called  Haversian  gland  occupies  the  bottom  or  non-articular  area  of  the 
acetabulum.  It  consists  of  a  mass  of  fat  covered  by  synovial  membrane.  This 
pad  of  fat  is  continuous  with  the  extra-capsular  fat  through  the  passage  subjacent 
to  the  transverse  ligament  of  the  notch. 

A  synovial  membrane  lines  the  capsule  from  which  it  is  reflected  to  the  neck  of 
the  femur  along  a  line  which  corresponds  to  the  femoral  attachments  of  the 
capsule.  Thus  the  synovial  membrane  clothes  more  of  the  femoral  neck  anteriorly 
than  in  any  other  position.  Posteriorly,  where  the  capsule  is  feebly  attached  to 
the  neck  of  the  femur,  the  synovial  membrane  may  be  seen  from  the  outside  of 
the  capsule.  The  synovial  membrane  extends  close  up  to  the  articular  margin  of 
the  head  of  the  femur,  and  on  the  upper  and  lower  aspects  of  the  neck  it  is 
gathered  into  loose  folds  upon  the  retinacula.  These  folds  or  plications  are  best 
marked  along  the  line  of  synovial  reflection,  and  do  not  reach  as  far  as  the 
femoral  head.  At  its  acetabular  end  the  synovial  membrane  is  prolonged  from 
the  inside  of  the  capsule  to  the  outer  non-articular  surface  of  the  cotyloid  and 
transverse  ligaments,  upon  which  it  is  continued  as  a  lining  for  their  acetabular  or 
articular  surfaces,  and  further,  it  provides  a  covering  for  the  fat  at  the  bottom 


Pubo-capsular  ligament 


Fig.  222. — Dissection  of  the  Hip-Joint  from  the  front. 
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of  the  acetabular  fossa,  as  well  as  a  complete  tubular  investment  for  the  liganientum 
teres. 

Occasionally  the  synovial  bursa,  which  is  subjacent  to  the  tendon  of  the  ilio- 
psoas muscle,  communicates  with  the  interior  of  the  hip-joint  throiigh  an  opening 
in  the  anterior  wall  of  the  capsule  (Fig.  222),  situated  between  the  pubo-feinoral 
ligament  and  the  inner  or  lower  limb  of  the  ilio-femoral  ligament.' 

'  Movements  at  the  Hip- Joint- — The  niovements  wliich  occur  at  the  hip-joint  are  those  of 
a  niultiaxial  joint.  These  are  flexion,  extension,  abduction,  adduction,  rotation,  and  circumduction. 

The  range  of  eacli  of  tliese  movements  is  less  extensive  than  in  the  case  of  the  shoulder-joint,  be- 
cause, at  the  hijJ,  the  freedom  of  movement  is  suljordinated  to  that  stability  which  is  essential  alike 
for  the  maintenance  of  tlie  erect  attitude  and  for  locomotion.  When  standing  at  rest  in  the  erect 
attitude  the  hip-joint  occupies  the  position  of  extension,  and  as  the  weight  of  the  trunk  is  trans- 
mitted in  a  per])endicular  wliich  falls  Ijehind  the  centres  of  the  hip-joints,  both  tlie  erect  attitude 
and  the  extended  position  are  maintained  to  a  large  extent  mechanically,  without  sustained  mus- 
cular action,  by  means  of  the  tension  of  the  ilio-femoral  ligament.  Moreo\'er,  the  tension  of  this 
ligament  is  sustained  by  the  pressure  of  the  front  of  the  head  and  neck  of  the  femur  against  its 
.synovial  surface.  In  this  association  of  parts  it  is  important  to  note  that  the  articular  cartilage 
of  the  femoral  head  may  be,  and  in  certain  races  is,  prolonged  to  the  front  of  the  femoral  neck  ; 
and  further,  that  the  constant  friction  does  not  destroy  the  synovial  lining  of  the  capsule. 
Again,  the  same  mechanism  which  preserves  the  erect  attitude  prevents  an  excessive  degree  of 
extension  or  dor.siflexion.  In  movement  forwards,  i.e.  ventral  flexion,  the  front  of  the  thigh 
is  approximated  to  the  anterior  abdominal  wall.  The  amount  of  this  movement  depends  upon 
the  position  of  the  knee-joint,  because  when  the  latter  is  flexed  the  thigh  may  be  brought  into 
contact  with  the  abdominal  w-all,  whereas  when  the  knee-joint  is  straightened  (i.e.  extended) 
the  tension  of  the  hamstring  muscles  greatly  restricts  the  amount  of  flexion  at  the  hip-joint. 
Abduction  and  adduction  are  likewise  much  more  restricted  than  at  the  shoulder-joint.  Abduc- 
tion is  l>rouglit  to  a  close  by  the  tension  of  the  pubo-femoral  band  and  the  lower  part  of  the 
capsule,  and,  in  addition,  the  upjier  aspect  of  the  neck  of  the  femur  locks  against  the  margin 
of  tlie  acetabulum.  Excessive  adduction  is  prevented  by  the  tension  of  the  upper  band  of  the 
ilio-femoral  ligament  and  the  upper  part  of  the  capsule.  Rotation  or  movement  in  a  longi- 
tudinal axis  may  be  either  inwards,  i.e.  towards  the  front,  or  outwards,  i.e.  toward  the  back. 
In  the  former  the  movemeiit  is  lirought  to  a  close  by  the  tension  of  the  ischio-cajjsular  ligament 
and  back  part  of  the  capsule,  aided  by  the  muscles  on  the  back  of  the  joint ;  in  the  latter — 
rotation  outwards — the  chief  restraining  factor  is  the  outer  or  upper  limb  of  the  ilio-femoral 
ligament.    The  total  amount  of  rotation  is  probalily  less  than  60°. 

Circumduction  is  only  slightly  less  free  than  at  the  shoulder,  but  it  is  comjilicated  by  the 
presei'vation  of  the  balance  upon  one  foot. 

The  value  and  influence  of  the  liganientum  teres  are  not  easily  estimated,  because  it  may  be 
absent  without  causing  any  known  interference  with  the  usefulness  of  tlie  joint.  In  the  erect  attitude 
this  ligament  lies  lax  Ijetween  the  lower  part  of  the  femoral  head  and  the  acetabular  fat.  In  the 
act  of  walking  it  is  rendered  tense  at  the  moment  when  the  pelvis  is  balanced  on  the  summit  of  the 
supporting  femur.  Analysis  of  this  position  shows  the  femur  to  be  adducted,  with  probably,  in 
addition,  a  small  amount  of  flexion  {i.e.  bending  forwards?)  and  internal  rotation.  Again,  this 
ligament  is  said  to  be  tense  when  the  thigh  is  rotated  outwards.  The  equivalent  of  this 
movement  is  doubtless  found  in  the  rotation  of  the  pelvis,  wliich  occurs  in  the  act  of  walking 
at  the  moment  of  transition  from  the  toe  of  the  sup25orting  foot  to  the  heel  of  the  advancing 
foot.  The  interest  connected  with  this  ligament  is  perhaps  morphological  rather  than  physio- 
logical. It  is  believed  by  some  to  represent  the  tendon  of  a  muscle  which  in  birds  occupies  a 
position  external  to  the  joint  capsule. 

THE  KNEE-JOINT. 

The  knee-joint  (articulatio  genu)  is  the  largest  articulation  in  the  body,  and 
its  structure  is  of  a  very  elaborate  nature.  The  part  it  plays  in  maintaining  the 
erect  attitude  materially  influences  its  construction,  and  special  arrangements  are 
provided  for  the  mechanical  retention  of  the  joint  in  the  extended  position,  in  view 
of  the  fact  that  the  Une  of  gravity  falls  in  front  of  the  centre  of  the  articulation. 
Its  principal  axis  of  movement  is  in  the  transverse  direction,  consequently  it  belongs 
to  the  ginglymus  or  hinge  variety  of  the  diarthroses.  At  the  same  time  a  slight 
amount  of  rotation  of  the  tibia  in  its  long  axis  is  permitted  during  extreme  flexion  ; 
but  while  this  fact  is  of  considerable  importance  in  the  study  of  certain  accidents 
to  which  the  joiut  is  liable,  as  well  as  in  the  study  of  its  comparative  morphology,  it 
is  not  sufficiently  pronounced  to  interfere  with  its  classification  as  a  hinge-joint. 

Articular  surfaces  pertaining  to  the  femur,  tibia,  and  patella,  enter  into  the 
formation  of  the  knee-joint.  The  articular  surface  of  the  femur  extends  over  a 
large  part  of  both  condyles,  and  may  be  divided  into  patellar  and  tibial  portions 
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by  faintly-marked,  almost  transverse  grooves,  which  pass  across  the  "  articular 
surface  immediately  in  front  of  the  intercondylar  notch.  As  a  rule  marginal 
indentations  of  the  articular  surface  render  the  positions  of  these  transverse 
grooves  more  distinct. 

The  patellar  portion  (Fig.  223)  is  situated  anteriorly,  and  is  common  to  both 
condyles,  although  developed  to  a  larger  extent  in  association  with  the  outer  condyle, 
on  which  it  ascends  to  a  higher  level  than  on  the  inner  condyle.  This  surface  is 
trochlear,  and  forms  a  vertical  groove  bordered  by  prominent  lateral  borders. 

The  tibial  portion  of  the  articular  surface  of  the  femur  is  divided  into  two 
articular  areas,  in  relation  to  the  inferior  aspects  of  the  two  condyles,  by  the  wide 
non- articular  intercondyloid  notch.  These  two  surfaces  are  for  the  most  part 
parallel,  but  in  front  the  internal  tibial  surface  turns  obliquely  outwards  as  it 
passes  into  continuity  with  the  patellar  trochlea,  while  posteriorly,  under  certain 
circumstances,  e.g.  the  squatting  posture,  the  articular  surface  of  the  inner  condyle 
may  extend  to  the  adjoining  portion  of  the  popliteal  area  of  the  bone. 

When  the  joint  is  in  the  position  of  extreme  flexion,  the  patella  is  brought  into 
direct  contact  with  that  part  of  the  articular  surface  on  the  inner  condyle  which 
bounds  the  intercondyloid  notch  upon  its  inner  and  anterior  aspects.  This  relation- 
ship is  indicated  by  the  presence  of  a  distinct  semilunar  facet  on  the  cartilage  in 
that  situation  (Fig.  223).  The  articular  surface  of  the  femur  ma^^^^therefore  be 
regarded  as  presenting  femoro-patellar  and  femoro-tibial  areas. 

The  patella  presents  on  its  posterior  aspect  a  transversely-elongated  oval 
articular  facet  and  an  inferior  rough,  triangular,  non-articular  area.  The  articular 
facet  is  divided  into  two  principal  lateral  portions  by  a  prominent  rounded  vertical 
ridge.  Of  these  the  outer  is  the  wider.  A  less  pronounced  and  nearly  vertical 
ridge  marks  off  an  additional  facet  called  the  internal  perpendicular  facet,  close  to 
the  inner  margin  of  the  articular  surface.  T\^o  faint  transverse  ridges  cut  off 
narrow  upper  and  lower  facets  from  the  general  articular  surface  without  encroach- 
ing on  the  narrow  innermost  vertical  facet  (Goodsir)  (Fig.  223). 

The  head  of  the  tibia  presents  on  its  superior  aspect  two  condylar  articular 
surfaces,  separated  from  each  other  by  a  non-articular  antero-posterior  area,  which 
is  wider  in  front  and  behind  than  in  the  middle,  where  it  is  elevated  to  form  a 
bifid  tibial  spine. 

The  external  condylar  facet  is  slightly  concavo-convex  from  before  backwards, 
and  slightly  concave  transversely.  This  surface  is  almost  circular,  and  extends 
to  the  free  external  border  of  the  tibial  head,  where  it  is  somewhat  flattened. 
Posteriorly  the  articular  surface  is  prolonged  downwards  on  the  tuberosity  in 
relation  to  the  position  occupied  by  the  tendon  of  the  popliteus  muscle.  The 
internal  condylar  facet  is  Qval  in  outline,  and  distinctly  concave  both  in  its  antero- 
posterior and  transverse  diameters. 

Ligaments. — Like  all  diarthroses,  this  joint  is  invested  by  an  envelope  or 
capsule  (capsula  articularis),  which  does  not,  however,  entirely  surround  the  joint- 
cavity,  for  it  is  absent  as  a  fibrous  membrane  above  the  joint-cavity,  subjacent  to 
the  tendon  of  the  quadriceps  extensor  muscle.  Its  specially-named  bands  are  not 
of  themselves  sufficient  to  form  a  complete  investment,  and  a  capsular  membrane, 
which  largely  consists  of  augmentations  from  the  fascia  lata  and  the  tendons  of 
surrounding  muscles,  supplies  the  defective  areas.  Thus,  anteriorly,  on  each  side 
of  the  patella  and  the  ligamentum  patellae,  expansions  of  the  vasti  tendons  and 
fascia  lata,  constituting  lateral  patellar  ligaments,  are  evident.  On  the  outer  side  of 
the  joint  the  external  lateral  ligament  is  hidden  within  a  covering  derived  from 
the  ilio-tibial  band  of  'the  fascia  lata.  On  the  inner  side  expansions  from  the 
tendons  of  the  sartorius  and  semi-membranosus  muscles  augment  the  capsule,  which 
here  becomes  continuous  with  the  internal  lateral  ligament.  Posteriorly  the  capsule 
also  receives  augmentation  from  the  tendon  of  the  semi-membranosus  muscle,  bi;t 
it  is  very  thin  subjacent  to  the  origins  of  the  gastrocnemius  muscle,  where  it  covers 
the  hinder  parts  of  the  condyles.  Not  unfrequently  the  capsule  presents  an 
opening  of  communication  between  the  interior  of  the  joint-cavity  and  a  bursa 
which  lies  under  cover  of  the  inner  head  of  the  gastrocnemius  muscle. 

The  anterior  ligament  (lig.  patellae,  Fig.  223),  also  called  the  ligamentum 
19 
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patellae,  is  a  powerful  flattened  band,  attached  superiorly  to  the  apex  and  adjoining 
margins  of  the  patella,  and  iuferiorly  to  the  rough  anterior  tuberosity  at  the  upper  end 
of  the  shaft  of  the  tibia.  This  ligament  also  serves  as  a  tendon  of  insertion  for  the 
quadriceps  extensor  muscle,  and  a  certain  number  of  the  fibres  of  the  tendon  may 
be  observed  to  descend  as  a  thin  fibrous  covering  for  the  anterior  surface  of  the 


Fig.  223. — Dissection  of  the  Knee- Joint  from  the  Front:  Patella  thrown  down. 


patella.  The  deep  surface  of  the  tendon  is  separated  from  the  front  of  the  head  of 
the  tibia  by  a  synovial  bursa,  and  above  this  it  rests  upon  the  infrapatellar  pad  of 
fat,  which  is  placed  between  the  tendon  and  the  synovial  membrane  of  the  joint. 

The  posterior  ligament  (Fig.  224)  is  a  compound  structure  of  unequal  strength, 
and  those  portions  by  which  it  establishes  continuity  with  the  lateral  parts  of  the 
capsule  are  remarkably  thin.  It  is  attached  superiorly  to  the  popliteal  surface  of 
the  femur,  close  to  the  intercondyloid  notch,  with  lateral  extensions  to  the  non- 
articular  areas  immediately  above  the  posterior  articular  margins  of  the  two  con- 
dyles, where  it  is  closely  associated  with  the  origins  of  the  gastrocnemius  muscle. 

Interiorly  it  is  attached  to  the  rough  non-articular  posterior  border  of  the  head 
of  the  tibia,  where,  to  its  fibular  side,  it  presents  an  opening  of  exit  for  the  tendon 
of  the  popliteus  muscle  (Fig.  224). 

The  tendon  of  insertion  of  the  semi-membranosus  muscle  contributes  an 
important  expansion  which  augments  the  posterior  ligament  on  its  superficial 
aspect.  This  expansion — ligamentum  posticum  Winslowii — ^passes  obliquely  upwards 
and  outwards  to  lose  itself  in  the  general  ligament,  but  it  is  most  distinct  in  the 
region  between  the  femoral  condyles,  where  it  may  present  upper  and  lower  arcuate 
borders.  A  number  of  vessels  and  nerves  perforate  this  ligament,  and  hence  it 
presents  a  number  of  apertures. 

The  internal  lateral  ligament  (lig.  collateral  tibiale.  Fig.  223)  is  a  well-defined 
strong  flat  band  which  is  applied  to  the  inner  side  of  the  knee-joint,  and  is  rather 
wider  in  the  middle  than  at  either  end.  It  is  frequently  regarded  as  consisting  of 
two  portions — an  anterior  or  long  portion  and  a  posterior  or  short  one.  The  two 
parts  arise  close  together  from  the  non-articular  inner  surface  of  the  inner  condyle, 
immediately  below  the  adductor  tubercle.  The  short  or  posterior  portion  descends 
slightly  backwards,  to  be  attached  to  the  postero-internal  aspect  of  the  inner  part  of 
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the  tibia  above  the  groove  for  the  semi-membranosus  tendon.  The  long  or  anterior 
portion  inclines  somewhat  forwards,  and  descending  superficially  to  the  tendon  of 
the  semi-membranosus,  it  is  continued  downwards,  to  be  attached  to  the  upper  part  of 
the  inner  surface  of  the  shaft  of  the  tibia  below  the  level  of  the  anterior  tuberosity. 

On  its  superficial  aspect  the  internal  lateral  ligament  is  augmented  by  prolonga- 
tions from  the  tendons  of  the  semi-membranosus  and  sartorius  muscles,  but  is: 
separated  by  a  bursa  from  the  tendons  of  gracilis,  semi-tendinosus  and  sartorius. 
Its  deep  surface  is  adherent  to  the  convex  edge  of  the  internal  semilunar  cartilage, 
but  lower  down  the  inferior 
internal  articular  vessels  inter- 
vene between  the  ligament  and 
the  shaft  of  the  tibia. 

Th^xternal  lateral  ligament 
(lig.  colluterale  libulare,  Fig. 
223),  sometimes  called  the 
ligamentum  laterale  externum 
longum,  is  a  distinct  rounded 
band  which  is  under  cover  of 
the  ordinary  capsule,  and  yet 
well  separated  from  the  joint- 
cavity  by  intervening  objects. 
It  is  attached  superiorly  to  a 
tubercle  on  the  outer  surface 
of  the  external  condyle,  im- 
mediately above  the  groove 
occupied  by  the  tendon  of  the 
popliteus  muscle,  superficial  to 
which  the  ligament  descends. 
By  its  lower  end  it  is  attached 
to  the  outer  side  of  the  head 
of  the  fibula,  in  fronts  of  the 
stylgidjprocess.  In  its  course  vertically  downwards  it  splits  the  tendon  o>f  inser- 
tion of  the  biceps  fiexor  cruris  (Fig.  223),  the  portions  of  which  are  fixed  to  the 
head  of  the  fibula  on  either  side  of  the  ligament,  and  a  bursa  may  intervene 
between  the  tendon  and  the  ligament.  The  inferior  external  articular  vessels  pass 
forwards  subjacent  to  this  ligament  and  above  the  head  of  the  fibula.  Unlike 
the  internal  ligament,  it  is  not  attached  to  the  corresponding  semilunar  cartilage. 

The  ligamentum  laterale  externum  breve  seu  posticum  (Fig.  224)  is  an  inconstant  structure 
wliicli  is  attached  by  its  U2J]^r  end  immediately  behind  the  preceding,  and  subjacent  to  ■rt;he 
outer  head  of  the  gastrocnemius  muscle.  It  likewise  descends  superficial  to  the  jDopliteal  tendon 
and  is  aflixed  interiorly  into  tlie  styloid  process  of  the  fibula. 

The  intra-articular  structures  of  the  knee-joint  are  more  important  and  more 
numerous  than  in  any  other  joint  of  the  body. 

The  crucial  ligaments  (ligamenta  cruciata  genu)  are  two  strong,  rou.nded, tendinous 
bands  which  extend  from  the  non-articular  area  on  the  upper  surface  of  the  head 
of  the  tibia  to  the  non-articular  sides  of  the  intercondyloid  notch  of  the  femur 
These  interarticular  ligaments  are  distinguished  from  each  other  as  the  anterior  or 
external  and  the  posterior  or  internal.  They  cross  each  other  like  the  limbs  of 
an  X,  yet  they  remain  distinct  throughout,  and  each  has  its  own  partial  synoviali 
covering.  They  lie  within  the  capsule  of  the  joint,  and  extend  between  non- 
articular  surfaces  in  relation  to  the  longitudinal  axis  of  the  limb. 

The  ligamentum  cruciatum  anterius  (Figs.  223  and  225)  is  attached  inferiorly 
to  the  inner  part  of  the  rough  depressed  area  in  front  of  and  close  to  the  spine  of 
the  tibia.  It  passes  obliquely  upwards,  outwards,  and  backwards  to  the  inner- 
non-articular  surface  of  the  external  condyle,  where  it  finds  attachment  far  back  in 
the  posterior  part  of  the  intercondyloid  notch.  This  ligament  is  tense  in  the  positiom 
of  extension,  and  therefore  it  assists  in  maintaining  the  erect  attitude. 

The  ligamentum  cruciatum  posterius  (Figs.  223  and  225)  is  somewhat  shorter 
than  the  preceding.    It  is  attached  inferiorly  to  the  hinder  part  of  the  depressed 
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surface  behind  the  spine  of  the  tibia  and  close  to  the  popliteal  notch.  Its  fibres 
pass  obliquely  iipwards,  forwards,  and  inwards,  to  be  inserted  into  the  outer  non- 
articular  surface  of  the  inner  condyle,  far  forwards  towards  the  anterior  margin  of 
the  intercondyloid  notch.    It  is  rendered  tense  in  the  position  of  tlexiou. 

Tlie  semilunar  interarticular  fibro-cartilages  are  two  in  number — an  inner  and  an 
outer — placed  horizontally  between  the  articular  surfaces  of  the  femur  and  tibia. 
In  general  outline  they  correspond  to  the  circumferential  portions  of  the  tibial 
facets  upon  which  they  rest.  Each  has  a  thick,  convex,  fixed  border  in  relation  to 
the  periphery  of  the  joint,  and  a  thin,  concave,  free  border  directed  towards  the 
interior  of  the  joint.  Neither  of  them  is  sufficiently  large  to  cover  the  whole  of  the 
tibial  articular  surface  upon  which  it  rests.  The  upper  and  lower  surfaces  of  each 
semilune  are  smooth  and  free,  and  each  cartilage  terminates  in  an  anterior  and  a 
posterior  filjrous  horn  or  cornu. 

The  internal  semilunar  fibro-cartilage  (meniscus  medialis,  Fig.  225)  forms  very 
nearly  a  semicircle.  It  is  attached  by  its  anterior  horn  to  the  non-articular  surface 
on  the  head  of  the  tibia,  in  front  of  the  tibial  attachment  of  the  anterior  crucial 
ligament,  and  by  its  posterior  horn  to  the  non-articular  surface  immediately  in 
front  of  the  til)ial  attachment  of  the  posterior  crucial  ligament.  The  deep  or  hinder 
part  of  the  internal  lateral  ligament  is  attached  to  its  periphery. 

The  external  semilunar  fibro-cartilage  (meniscus  lateralis.  Fig.  225)  is  attached 
by  its  anterior  horn  to  the  non-articular  surface  of  the  tibia  in  front  of  the  tibial 

spine,  where  it  is 
placed  to  the 
outer  side,  and 
partly  under 
cover  of  the 
tibial  end  of  the 
anterior  crucial 
ligament.  By  its 
posterior  horn  it 
is  attached  to  the 
interval  between 
the  two  tuljercles 
which  surmount 
the  tibial  spine, 
i.e.  in  front  of  the 
attachment  of 
the  posterior  horn 
of  the  internal 
semilunar  cartil- 
age. This  fibro- 
cartilage,  with  its 

two  horns,  therefore  forms  almost  a  complete  circle.  Posteriorly  it  is  attached  by 
its  periphery  to  the  posterior  ligament,  but  on  the  outer  side  it  is  separated  from 
the  external  lateral  ligament  by  the  tendon  of  the  popliteus  muscle,  and  on  this 
aspect  its  periphery  is  free. 

The  two  horns  of  the  external  semilune  are  embraced  by  the  two  horns  of  the 
internal  one,  and,  while  the  anterior  crucial  ligament  has  its  tibial  attachment  almost 
between  the  anterior  horns  of  the  two  semilunes,  the  tibial  attachment  of  the  posterior 
crucial  ligament  is  situated  behind  the  posterior  horns  of  the  two  semilunes. 

Both  semilunes  possess  certain  accessory  attachments.  Thus  the  external  semilune 
sends  a  large  bundle  of  fibres  from  its  convex  posterior  border  to  augment  the  posterior 
aspect  of  the  posterior  crucial  ligament,  by  which  these  fibres  are  conducted  to  the 
femur.  Again,  the  convex  or  peripheral  margins  of  each  semilune  possess  certain 
attachments  to  the  deep  surface  of  the  capsule  on  its  inner  and  posterior  aspects,  as 
has  already  been  explained,  but,  in  addition,  they  are  attached  to  the  non-articular 
circumference  of  the  tibial  head  by  short  fibrous  bands  known  as  the  ligamenta 
coronaria.  Lastly,  a  rounded  band  which  varies  in  strength,  the  transverse  liga- 
ment (lig.  transversum  genu,  Figs.  223  and  225),  stretches  between  the  anterior 
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225. — Upper  End  of  Tibia,  with  Semilunar  Cartilages  and  Attached 
Portions  of  Crucial  Ligaments. 
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convex  margins  of  the  two  semilunes,  crossing  the  front  part  of  the  non-artic\ilar 
area  on  the  tibial  head  in  its  course. 

The  synovial  membrane  of  the  knee-joint  is  not  only  the  largest,  but  the  most 
elaborately  arranged  of  its  kind  in  the  body.  It  not  only  lines  the  capsule,  but  it 
forms  a  more  or  less  extensive  covering  for  the  intracapsular  ligaments  and  the 
free  surface  of  the  infra-patellar  pad  of  fat.  This  pad  acts  as  a  wedge  which  fits 
into  the  interval  between  the  patella,  tibia,  and  femoral  condyles,  and  the  synovial 
membrane  upon  its  surface  forms  a  band  or  fold  which  extends  from  below  the 
level  of  the  patellar  articular  surface  to  the  anterior  part  of  the  intercondyloid 
notch.  This  is  in  no  sense  a  ligament,  although  it  is  named  the  ligamentum 
mucosum,  ^  plica  synovialis  patellaris.  At  its  femoral  end  it  is  narrow  and  attenu- 
ated, but  at  "its  patellar  end  it  expands  laterally  to  form  wing-like  fringes  or  mem- 
branes— the  alar  ligaments  (pHcse  alares) — which  are  often  distinguished  from  each 
other  as  the  inner  (plica  aliformis  medialis)  and  the  outer  (plica  aliformis  lateralis). 
These  folds  are  more  or  less  loaded  with  fat. 

Apart  from  these  special  foldings,  the  synovial  membrane  lines  the  deep  surface 
of  the  common  extensor  tendon,  and  extends  upwards  for  a  variable  distance  above 
the  patella.  This  extension  of  the  joint-cavity  almost  always  communicates  with 
a  large  bursa  situated  still  higher  on  the  front  of  the  femur.  Tracing  the  synovial 
membrane  downwards,  it  will  be  found  to  cover  both  surfaces  of  the  semilunar  fibro- 
cartilages.  The  peripheral  or  convex  margins  of  these  cartilages  are  only  covered 
by  this  membrane  where  they  are  unattached  to  the  capsule.  A  prolongation 
invests  the  intracapsular  portion  of  the  tendon  of  the  popliteus  muscle,  and 
separates  this  tendon  from  the  back  part  of  the  tibial  head,  besides  intervening 
between  the  external  semilune  and  the  head  of  the  tibia. 

From  the  back  part  of  the  joint-cavity  the  synovial  membrane  extends  forwards, 
and  provides  a  partial  covering  for  the  crucial  ligaments. 

This  somewhat  complicated  arrangement  of  the  synovial  membrane  may  be 
readily  comprehended  if  it  be  borne  in  mind  that  it  really  represents  the  fusion  of 
three  separate  synovial  membranes,  which  in  some  animals  are  permanently  distinct. 
These  are  indicated  in  the  two  femoro-tibial  and  the  single  femoro-patellar  parts  of 
the  articulation. 

The  joint-cavity  may  communicate  with  bursas  situated  in  relation  to  the  inner 
head  of  the  gastrocnemius  muscle  and  the  tendon  of  the  semi-membranosus  muscle, 
besides  the  large  supra-patellar  bursa  already  described.  Lastly,  there  may  be 
intercommunication  between  this  joint-cavity  and  that  of  the  superior  tibio-fibular 
articulation. 

Movements  at  the  Knee- Joint. — In  studying  the  movements  whicli  may  occur  at  the 
human  knee-joint,  it  is  necessary  to  bear  in  mind  that  the  lower  limb  of  man  is  primarily  required 
for  purposes  of  support  and  locomotion.  The  principal  requirement  of  the  former  function  is 
stability  accompanied  by  rigidity,  whereas  in  the  latter  function  the  special  desideratum  is,  regu- 
lated and  controlled  mobility.  Thus,  in  the  same  joint,  two  entirely  opposite  conditions  have 
to  be  provided.  The  stable  conditions  of  support  are  chiefly  concerned  in  the  maintenance 
of  the  erect  attitude,  and  the  mechanism  associated  therewith  does  not  call  for  the  exertion  of  a 
large  degree  of  sustained  muscirlar  effort. 

In  standing  erect  the  attitude  of  the  limb  is  that  of  extension,  which  mainly  concerns  the 
femoro-tibial  parts  of  the  joint.  In  this  position  the  force  of  gravity  acts  along  a  vertical  line 
which  falls  in  front  of  the  transverse  axis  of  the  joint,  and  therefore  any  tendency  to  flexion,  i.e. 
bending  backwards,  is  mechanically  counteracted  by  the  application  of  a  force  which  tends  to 
produce  bending  forwards  (so-called  over-extension).  This,  however,  is  absolutely  prohibited  in 
normal  states  of  the  joint,  by  the  tension  of  the  posterior  and  lateral  ligaments  aided  by  the 
anterior  crucial  ligament.  The  value  of  this  fact  may  be  seen  by  observing  the  efl'ect  produced  by 
giving  the  joint  a  sudden  push  from  behind,  which  causes  an  immediate  reversal  of  the  positions  of 
the  transverse  and  vertical  axes,  whereby  the  body  weight  at  once  produces  flexion  of  the  joint. 

The  semilunar  cartilages  and  the  infrapatellar  pad  of  fat  also  assist  in  maintaining  extension, 
by  reason  of  their  close  adaptation  to,  and  packing  round  the  condyles  as  these  rest  upon  the  tibia. 
The  anterior  margin  of  the  intercondyloid  fossa  is  also  brought  into  contact  with  the  front  of 
the  anterior  crucial  ligament. 

In  the  position  of  extension  the  patella  is  retained  at  a  high  level  in  relation  to  the  trochlear  sur- 
face of  the  femur,  so  that  the  lower  articular  facets  of  the  patella  are  in  contact  with  the  trochlea. 

During  locomotion  the  movements  of  the  knee-joint  are  somewhat  intricate,  for  both  the 
femoro-tibial  and  the  femoro-patellar  sections  of  the  joint  are  broTight  into  action.  Tlie  principal 
movement  which  results  is  flexion,  with  which  there  is  associated,  both  at  its  beginning  and 
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ending,  a  certain  amount  of  screw  movement  or  rotation.  Flexion  and  rotation  occur  at  the 
femoro-tibial  sections  of  the  joint,  whereas  the  movement  at  the  femoro-patellar  portion  produces 
a  regulating  and  controlling  influence  upon  flexion. 

Taking  these  factors  separately,  we  observe  that  each  condyle  adajits  itself'  to  a  shallow  cup 
formed  by  the  head  of  the  tibia  and  the  corresponding  semilunar  cartilage,  and  as  the  two 
condyles  move  simultaneously  and  parallel  to  each  other,  there  is  more  than  the  characteristic 
hinge-joint  action,  for  each  condyle  glides  and  rolls  in  its  cup  "  like  a  wheel  restrained  by  a 
drag  "  (Goodsir)  when  the  movement  of  bending  occurs.  Thus  the  different  parts  of  the  condyles 
are  successively  brought  into  relation  with  the  transverse  axis  of  the  joint  while  it  jjasses  from 
extension  to  flexion  and  vice  versa.  From  the  fact  that  the  internal  condyle  is  longer  than  the 
external,  it  is  believed  that  extension  is  completed  by  a  movement  of  rotation  whereby  the  joint 
iljecomes  locked,  and  the  anterior  crucial,  the  posterior  and  the  latei-al  ligaments,  become  tense.  A 
similar  rotation  initiates  the  movement  of  flexion,  and  unlocks  the  joint  by  relaxing  the  liga- 
jnents  just  mentioned. 

Since  the  tibia  and  foot  are  fixed  in  the  act  of  walking,  it  is  the  femur  which  rotates  upon 
the  tibia  in  passing  from  extension  to  flexion  and  vice  versa ;  and  as  relaxation  of  the  ilio-femoral 
ligament  is  essential  for  this  rotation,  some  ol)servers  are  of  opinion  that  the  body  weight  falls 
behind  the  transverse  axis  of  the  knee-joint,  as  in  the  case  of  the  hip-joint,  and  consequently  that 
■extensitm  of  the  knee-joint  is  maintained  by  the  ilio-femoral  ligament,  as  it  is  not  j^ossible  to 
bend  the  knee  without  first  having  bent  the  hip-joint. 

During  flexion  and  extension  the  semilunar  cartilages  glide  along  with  the  condyles,  so  as  to 
maintain  their  close  adaptation  and  preserve  their  value  as  packing  agents.  When  the  movement 
■of  flexion  is  completed,  the  condyles  are  retained  upon  the  tibia,  and  prevented  from  slipping  off 
by  the  tension  of  the  posterior  crucial  ligament.  In  this  position  a  small  degree  of  rotation  of 
the  tibia,  both  inwards  and  outwards,  is  also  permissiljle. 

Tlie  I'egulating  and  controlling  influence  of  the  femoro-patellar  portion  of  the  articulation  is 
hrought  into  i)lay  during  the  movements  of  flexion  and  extension.  In  the  latter  position  the 
inferior  ])air  of  patellar  facets  is  in  apposition  with  the  upper  part  of  the  femoral  trochlea.  As 
flexion  advances,  the  middle  pair  of  facets  adapt  themselves  to  a  deeper  area,  of  the  trochlea,  into 
which  the  patellar  keel  fits.  When  flexion  is  still  further  advanced,  the  upper  ])air  of  patellar 
facets  will  be  found  fitting  into  that  part  of  the  trochlea  adjoining  the  intercondyloid  notch  ; 
and  finally,  when  flexion  is  complete,  the  patella  lies  opposite  the  intercondyloid  notch,  while 
the  forward  thrust  of  the  longer  internal  condyle  brings  its  semilunar  facet  (Goodsir)  into 
apposition  with  the  somewhat  vertical  facet  at  the  inner  border  of  the  patella.  The  wedge-like 
influence  of  the  patella  is  most  marked,  for  it  is  only  in  the  jJosition  of  extension  that  it  can  be 
moved  from  side  to  side.  Tlie  movements  of  the  patella  may  be  described  as  gliding  and 
co-aptation,  as  it  slijis  or  rocks  from  one  pair  of  facets  to  another  in  its  progress  along  the  trough 
of  the  femoral  trochlea. 

THE  TIBIO-FIBULAR  JOINTS. 

The  upper  and  lower  ends  of  the  fibula  articulate  with  the  tibia.  Primarily, 
the  fibula  is  required  to  form  a  strong  lateral  support  for  the  ankle-joint,  and 
therefore  its  articulations  are  so  arranged  as  to  provide  a  certain  amount  of 
elasticity  without  any  sacrifice  of  the  rigidity  necessary  for  security.  Hence  the 
amount  of  movement  is  very  small,  but  what  there  is,  enables  these  joints  to  be 
classified  as  arthrodial  diarthroses. 

The  superior  tibio-fibular  joint  (articulatio  tibio-fibularis)  is  formed,  on  the 
one  hand  by  a  fiat  oval  or  circular  facet  which  is  situated  upon  the  postero-external 
aspect  of  the  outer  tuberosity  of  the  head  of  the  tibia,  and  is  directed  downwards 
and  backwards  ;  on  the  other,  by  a  similar  facet  on  the  upper  surface  of  the  head 
of  the  fibula  in  front  of  the  styloid  process. 

A  fibrous  capsule  (capsula  articularis.  Fig.  224)  invests  the  joint,  and  it  may 
be  regarded  as  holding  the  articular  surfaces  in  apposition,  although  certain 
special  bands  receive  separate  designations.  Occasionally  there  is  an  opening  in  the 
capsule  by  which  communication  is  established  between  the  joijit-cavity  and  the  knee- 
joint  through  the  intermediation  of  the  synovial  prolongation,  subjacent  to  the 
tendon  of  the  popliteus  muscle. 

The  anterior  superior  tibio-fibular  ligament  (lig.  capituli  fibulae  anterius,  Fig.  223) 
is  a  strong  fiat  band  whose  fibres  extend  from  the  anterior  aspect  of  the  fibular 
head,  upwards  and  inwards,  to  the  adjoining  part  of  the  tul^erosity  of  the  tibia. 

The  posterior  superior  tibio-fibular  ligament  (lig.  capituli  fibulae  anterius, 
Fig.  224)  is  a  similar,  but  weaker  band,  passing  upwards  and  inwards  from  the 
posterior  aspect  of  the  fibular  head  to  the  posterior  aspect  of  the  outer  tuberosity 
of  the  tibia,  where  they  are  attached  immediately  below  the  opening  in  the 
capsule  of  the  knee-joint,  from  which  the  tendon  of  the  popliteus  muscle  escapes. 
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Equally  strong  but  much  shorter  bands  are  found  on  the  superior  and  inferior 
aspects  of  the  joint.  The  former  is  intimately  associated  with  the  tendon  of  the 
biceps  which  strengthens  the  upper  aspect  of  the  joint  and  here  also  is  found  the 
occasional  opening  by  which  it  communicates  with  the  knee-joint. 

The  synovial  membrane  is  in  certain  cases  continuous  with  that  of  the  knee- 
joint  in  the  manner  already  described. 

The  interosseous  membrane  (membrana  interossea  cruris,  Figs.  224,  and  226) 
plays  the  part  of  an  accessory  ligament  both  for  the  upper  and  the  lower  tibio-fibular 
joint.  It  is  attached  to  the  interosseous  borders  on  the  shafts  of  the  tibia  and 
Hbulci,  and  binds "^hem  together.  The  general  direction  of  its  fibres  is  from  the 
tibia  downwards  arid  outwards  to  the  fibula,  but  many  fibres  pass  in  the  opposite 
direction.  The  membrane  may  extend  upwards  until  it  comes  into  contact  with 
the  ligaments  of  the  superior  tibip-fibular  joint,  but  there  is  always  a  vertical  oval 
aperture  in  its  upper  part  for  the  forward  passage  of  the  anterior  tibial  vessels. 
This  aperture  (Fig.  224),  which  is  about  one  inch  long,  adjoins  the  shaft  of  the 
fibula  at  a  point  rather  less  than  one  inch  below  its  head.  Towards  the  lower 
end  of  the  leg  the  distance  between  the  tibia  and  the  fibula  rapidly  diminishes,  and 
consequently  the  width  of  the  interosseous  membrane  is  correspondingly  reduced, 
so  that  it  is  tense  throughout  its  entire  length.  In  the  lower  part  of  the  membrane 
there  is  a  small  opening  for  the  passage  of  the  anterior  perforating  vessels.  There 
is  no  sharply-marked  demarcation  between  the  interosseous  membrane  and  the 
interosseous  ligament  which  connects  the  lower  ends  of  the  tibia  and  fibula — the 
one,  indeed,  may  be  said  to  run  into  the  other. 

The  inferior  tibio-fibular  joint  (syndesmosis  tibio-fibulare)  is  not  on  all 
occasions  provided  with  articular  cartilage,  so  that  it  :iiay  either  be  a  separate  articu- 
lation, or  it  may  merely  present  a  series  of  ligaments  which  are  accessory  to  the  ankle- 
joint,  because  it  is  clear  that,  under  any  circumstances,  the  object  aimed  at  in  this 
articulation  is  to  obtain  additional  security  for  the  ankle-joint.  The  articular  surface 
on  the  cibia,  when  present,  constitutes  a  narrow  articular  strip  on  the  outer  side  of  the 
lower  end  of  the  bone,  and  the  joint-cavity  is  practically  an  upward  extension  of  the 
ankle-joint.  The  corresponding  fibular  facet 
is  continuous  with  the  extensive  articular 
area,  by  means  of  which  the  fibula  articulates 
with  the  astragalus.  By  far  the  greater  part 
of  the  opposing  surfaces  of  tibia  and  fibula 
are,  however,  non-articular  and  rough. 

The  supporting  ligaments  are  of  great 


strength. 


The  anterior  inferior  tibio-fibular  ligament 
(lig.  malleoli  lateralis  anterius.  Fig.  229)  -s 
consists  of  strong  fibres  which  pass  obliquely  -I 
downwards  and  outwards  from  the  front  of  3 
the  lower  end  of  the  tibia  to  the  front  of  S. 
the  external  malleolus.  -g 

The  posterior  inferior  tibio-fibular  liga-  | 
ment  (lig.  malleoli  lateralis  posterius.  Figs.  5 
226  and  227)  is  equally  strong,  and  passes 
in  a  similar  direction  between  corresponding 
posterior  surfaces. 

A  transverse  inferior  tibio-fibular  liga- 
ment (Figs.  226  and  227)  stretches,  in  the 
direction  indicated  by  its  name,  between  the 
posterior  inferior  border  of  the  tibia  and 
the  upper  end  of  the  pit  on  the  inner  and  posterior  aspect  of  the  external  malleolus. 

An  interosseous  ligament  (Fig.  227),  powerful  and  somewhat  extensive,  connects 
the  contiguous  rough  non-articular  surfaces.  Superiorly,  as  already  mentioned,  it 
is  continuous  with  the  interosseous  membrane.  Anteriorly  and  posteriorly  it 
comes  into  contact  with  the  more  superficial  ligaments.  Inferiorly  it  descends  xmtil 
it  comes  into  intimate  association  with  the  joint-cavity. 


Interosseous 
inembranB 


Posterior 
mforior  tibio- 
tibular  ligament 


Transverse 
iiitVi  ior  tibio- 
tibular  ligament 

Internal  lateral 
^"^or  deltoid 
ligament  of 
aukle-joint 


Posterior 
calcaneo- 
astragaloid 
ligament 


Fig.  226. — Posterior  Aspect  op  Inferior 
tibio-flbular  and  ankle-joints. 
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A  synovial  membrane  is  found  lining  the  small  joint-cavity,  but  it  is  always  a 
direct  prolongation  from  that  which  lines  the  ankle-joint. 

JOINTS  OF  THE  FOOT. 


THE  ANKLE-JOINT. 

The  ankle-joint  (articulatio  talo-cruraHs)  is  a  ginglymus  variety  of  a  diarthrosis. 
The  bones  which  enter  into  its  formation  are  the  lower  ends  of  the  tibia  and  fibula, 
with  the  articular  areas  on  the  upper,  lateral,  and  inner  surfaces  of  the  astragalus. 
The  tibia  and  fibula,  aided  by  the  transverse  inferior  tibio-fibular  ligament,  form  a 
three-sided  socket  within  which  the  astragalus  is  accommodated.  The  roof  or 
highest  part  of  the  socket,  which  is  wider  in  front  than  behind,  is  formed  chiefly  by 
the  quadrilateral  articular  surface  which  characterises  the  lower  end  of  the  tibia, 
but  towards  its  postero-external  margin  the  transverse  inferior  tibio-fibular  liga- 
ment assists  in  its  formation.  Here  also  the  tibial  articular  surface  is  continuous 
with  the  narrow  articular  facet  already  described  as  forming  part  of  the  inferior 
tibio-fibular  joint.  The  inner  wall  of  the  socket  is  formed  by  the  articular  facet  on 
the  outer  side  of  the  internal  malleolus,  and  there  is  no  interruption  of  the  articular 
cartilage  between  the  roof  and  inner  wall.  The  outer  wall  of  the  socket  is  quite 
separate  from  the  foregoing  parts,  and  consists  of  a  large  triangular  facet  upon  the 
inner  side  of  the  external  malleolus.  This  facet  is  situated  immediately  in  front  of 
the  deep  pit  which  characterises  the  posterior  part  of  this  surface  of  the  fibula. 

A  small  lunated  facet  is  frequently  found  upon  the  anterior  surface  of  the  lower  end  of  the 
tibia,  particularly  among  those  races  characterised  by  the  adoption  of  the  "  squatting  "  posture. 
When  this  facet  exists  it  is  continuous  with  the  anterior  margin  of  the  roof  of  the  socket,  and  it 
articulates  with  a  similar  facet  upon  the  upper  surface  of  the  neck  of  the  astragalus  in  the 
extreme  flexion  of  the  ankle-joint  which  "  squatting  "  entails. 

The  articular  surface  upon  the  body  of  the  astragalus  adapts  itself  to  the  tibio- 
fibular socket,  and  presents  articular  facets  corresponding  to  the  roof  and  sides  of 
the  socket.  Thus  the  superior  surface  of  the  astragalus  possesses  a  quadrilateral 
articular  area,  wider  in  front  than  behind,  distinctly  convex  in  the  antero-posterior 
direction,  and  slightly  concave  transversely.  In  addition,  towards  its  postero- 
external margin,  there  is  also  a  narrow  antero-posterior  facet  corresponding  to  the 
transverse  inferior  tibio-fibular  ligament.  The  articular  cartilage  of  this  upper 
surface  is  continued  without  interruption  to  the  tibial  and  fibular  sides  of  the  bone, 
although  the  margins  of  the  superior  area  are  sharply  defined  from  the  lateral 
facets,  the  outer  of  which  is  triangular  in  outline,  while  the  inner  is  pyriform,  Imt 
in  each  case  the  surface  is  vertical. 

Ligaments. — The  ligaments  form  a  complete  investment  for  the  joint,  i.e.  a 
capsule  in  which  the  individual  parts  vary  considerably  in  strength,  and  are 
described  under  separate  names. 

The  anterior  ligament  (Fig.  229)  is  an  extremely  thin  membrane,  containing 
very  few  longitudinal  fibres.    It  extends  from  the  lower  border  of  the  tibia  to  the 

,,..,...,.„,,,.       .     upper  border  of  the  head  of 

Anterior  inferior  tibio-nbular  ligament  J^i 


Anterior  talo- 
fibular ligament 


the  astragalus,  passing  in 
front  of  a  pad  of  fat  which 
fills  up  the  hollow  above  the 
neck  of  that  bone. 

The  posterior  ligament  (Fig. 
226)  is  attached  to  con- 
tiguous non-articular  borders 
of  the  tibia  and  astragalus. 
Many  of  its  fibres  radiate 
inwards  from  the  external 
malleolus.  This  aspect  of  the 
joint  is  strengthened  by  the 
strong,  well-defined,  trans- 
verse ligament  already  described  in  connection  with  the  inferior  tibio-fibular  joint. 
Tlie  external  lateral  ligament  (Figs.  227  and  229)  is  very  powerful,  and  is  divisible 
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Fig.  227. — Articular  Surfaces  of  Tibia  and  Fibula  which 
abe  opposed  to  the  astragalus. 
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into  three  fasciculi,  which  are  distinguished  from  each  other  by  names  descriptive 
of  their  chief  points  of  attachment. 

The  anterior  fasciculus  (lig.  talo-fibulare  anterius)  is  the  shortest.  It  extends 
from  the  anterior  border  of  the  external  malleolus  to  the  astragalus  immediately  in 
front  of  its  external  articular  surface. 

The  middle  fasciculus  (lig.  calcaneo-fibulare)  is  a  strong  and  rounded  cord.  It 
is  attached  by  one  end  to  the  front  of  the  tip  of  the  external  malleolus,  and  by 
the  other  to  the  outer^side  of  the  os  calcis,  immediately  above  the  groove  for  the 
peroneal  tendons.  \ 


The  posterior  fasciculus  (lig.  talo-fibulare  posterius)  is  the  strongest.  It  runs 
transversely  between  the  lower  part  of  the  fibular  fossa  on  the  inner  aspect  of  the 
malleolus  and  the  posterior  surface  of  the  astragalus,  where  it  is  attached  to  the 
external  tubercle  and  the  adjoining  rough  surface.  Sometimes  this  tubercle  is 
detached  from  the  astragalus,  and  represents  a  separate  bone — the  os  trigonum. 

The  internal  lateral  ligament  (lig.  deltoideum,  Figs.  227  and  228)  has  the  general 
shape  of  a  delta,  and  is  even  stronger  than  the  external  ligament.    It  is  attached  above 


to  a  marked  impression  on  the  lower  part  of  the  internal  malleolus,  and  below,  in  a 
continuous  layer,  to  the  scaphoid,  astragalus,  and  os  calcis.  In  it  we  may  recog- 
nise the  following  special  bands — (a)  the  lig.  talo-tihiale  anterius,  which  extends 
from  the  front  of  the  inner  malleolus  to  the  neck  of  the  astragalus ;  (i)  the  lig. 
talo-tihiale  posterius,  stretching  between  the  back  of  the  inner  malleolus  and  the 
postero-internal  rough  surface  of  the  astragalus  ;  (c)  the  lig.  tibio-naviculare,  which 
extends  from  the  tip  of  tRe  inner  malleolus  to  the  inner  side  of  the  scaphoid ;  (d) 
the  lig.  calcaneo-tibiale,  which  extends  between  the  tip  of  the  inner  malleolus  and 
the  inner  side  of  the  sustentaculum  tali ;  (e)  the  lig.  talo-tihiale  profundum,  which 
consists  of  deeper  fibres  extending  from  the  tip  of  the  internal  malleolus  to  the 
inner  side  of  the  astragalus. 

Synovial  membrane  lines  the  capsular  ligament,  and,  as  already  described,  the 
joint-cavity  communicates  directly  with  the  inferior  tibio-fibular  joint.  Both  at 
the  front  and  back  of  the  ankle-joint,  as  well  as  superiorly  in  the  angle  formed  by 
the  three  bones,  the  synovial  membrane  covers  pads  of  fat. 

Movements  at  the  Ankle-Joint. — In  the  erect  attitude  the  foot  is  placed  at  right  angles  to 
the  leg ;  in  other  words,  the  normal  position  of  the  ankle-joint  is  flexion.  Those  movements 
which  tend  to  diminish  the  angle  so  formed  by  the  dorsum  of  the  foot  and  the  front  of  the 
leg,  are  called  dorsiflexion,  while  those  which  tend  to  increase  the  angle,  i.e.  to  straighten  the 
foot  upon  the  leg,  are  called  extension.  As  a  matter  of  fact  neither  dorsiflexion  nor  extension 
are  ever  completely  carried  out,  and  the  range  of  movement  of  which  the  foot  is  capable  is  limited 
to  about  90°.  These  movements  occur  about  an  obliquely  transverse  axis,  as  is  indicated  by  the 
natural  outward  pointing  of  the  toes.  The  weight  of  the  body  falls  slightly  anterior  to  the  ankle- 
joint,  so  that  a  certain  amount  of  muscular  action  is  necessitated  in  order  to  maintain  the  foot 
at  right  angles  to  the  leg ;  but  additional  stability  is  obtained  from  the  obliquity  above 
mentioned. 

When  the  foot  is  raised  from  the  ground,  muscular  action  tends  naturally  to  produce  a  certain 
amount  of  extension.  AVhen  the  foot  is  extended,  as  in  standing  on  the  toes,  the  hinder  narrow 
part  of  the  astragalus  moves  forwards  into  the  wider  part  of  the  interval  between  the  tibia  and 
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Fig.  228. — Ligaments  on  Inner  Aspect  op  Ankle  and  Foot. 
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fibula,  whereas  in  dorsiflexion,  as  in  raising  the  fore  part  of  the  foot  from  the  ground,  the  widest 
part  of  the  astragahis  is  forced  back  between  the  tibia  and  fibula  ;  but  notwithstanding  the  dif- 
ference between  these  two  movements,  the  filnda  remains  in  close  contact  with  tlie  astragalus  by 
reason  of  the  action  of  the  transverse  inferior  fibro-fibular  ligament  and  the  posterior  talo-fibular 
ligament,  so  that  lateral  movement  is  prevented. 

It  i.s  doubtful  whether  lateral  movement  at  the  ankle-joint  can  be  obtained  by  any  natural 
movement  of  the  foot,  although  it  is  generally  believed  that  in  the  position  of  partial  extension 
a  small  amount  of  lateral  movement  may  be  produced  by  the  application  of  external  force. 
"  This  apparent  play  "  of  the  ankle-joint  during  extension  "is  really  due  to  oscillati(m  of  the 
small  bones  of  the  foot  on  each  other,  largely  of  the  scaphoid  on  the  astragalus,  but  also  of  the 
cuboid  on  the  calcaneum.  Excessive  mobility  of  these  latter  is  restrained  by  an  important 
function  of  the  posterior  tubercle  of  the  cuboid  which  locks  into  a  notch  in  the  os  calcis " 
(Blake). 

INTERTARSAL  JOINTS. 

These  joints  (articulatioues  intertarsese)  are  all  diarthroses  in  which  the  gliding 
movement  is  characteristic,  as  in  the  carpus.  With  the  view  of  obtaining  a  proper  con- 
ception of  the  many  I  teautiful  mechanical  principles  involved  in  the  construction  of  the 
foot,  it  is  necessary  to  study  these  articulations  with  considerable  attention  to  detail. 

Articulatio  Talo-calcanea. — The  astragalus  and  os  calcis  articulate  with  each 
other  in  the  articulatio  talo-calcanea. 

This  joint  is  situated  between  the  inferior  facet  on  the  body  of  the  astragalus 
and  a  corresponding  facet  on  the  upper  aspect  of  the  hinder  part  of  the  os  calcis. 
On  each  bone  the  articulation  is  limited  in  front  by  a  wide  deep  groove  which 
runs  obliquely  across  each  bone  from  within  outwards  and  forwards. 

The  supporting  and  investing  ligaments  form  a  capsule,  consisting  for  the  most 
part  of  short  fibres,  but  the  joint  derives  additional  strength  from  the  external  and 
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Fig.  229. — Ligaments  on  Outer  Aspect  of  Ankle  and  on  Dorsum  and  Outer  Aspects  of  Foot. 

internal  lateral  ligaments  of  the  ankle-joint.  The  capsule  is  subdivided  into  the 
following  astragalo-calcaneal  or  talo-calcaneal  bands  : — 

The  anterior  talo-calcaneal  ligament  (Fig.  229)  consists  of  a  band  of  short 
fibres  placed  immediately  in  relation  to  the  anterior  end  of  the  deep  groove  which 
bounds  the  articular  facets.  They  are  attached  to  the  antero-external  aspect  of 
the  neck  of  the  astragalus,  from  which  they  extend  downwards  to  the  adjacent 
superior  surface  of  the  os  calcis. 

The  external  talo-calcaneal  ligament  (Fig.  229)  is  in  continuity  with  the  hinder 
border  of  the  preceding  ligament,  and  it  is  placed  parallel  to,  but  on  a  deeper 
plane  than,  the  middle  fasciculus  of  the  external  lateral  ligament  of  the  ankle- 
joint.  It  consists  of  short  fibres  passing  between  the  adjacent  rough  outer  margins 
of  the  two  bones. 

The  posterior  talo-calcaneal  ligament  (Fig.  229)  closes  the  joint  cavity  on  its 
posterior  aspect.    It  consists  of  fibres  which  radiate  from  the  posterior  aspect  of 
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the  external  tubercle  of  the  astragalus  to  the  upper  surface  of  the  os  calcis, 
immediately  behind  the  articular  facet. 

The  internal  talo-calcaneal  ligament  (Fig.  228)  lies  obliquely  on  the  inner  side 
of  the  joint,  and  consists  of  fibres  which  extend  from  the  inner  posterior  tubercle 
of  the  astragalus  to  the  hinder  roughened  border  of  the  sustentaculum  tali.  Some 
of  its  fibres  become  continuous  with  the  internal  calcaneo-scaphoid  ligament. 

The  interosseous  talo-caleaneal  ligament  (Fig.  229)  closes  the  antero-interual 
aspect  of  the  joint.  It  is  the  Strongest  of  the  series  of  ligaments  entering  into  the 
capsule.  Compared  with  it  the  other  bands  are,  comparatively  speaking,  insigni- 
ficant. Its  attachments  are  to  the  bottom  of  each  groove,  so  that  it  occupies  the 
tarsal  canal  formed  by  these  opposing  grooves. 

A  synovial  membrane  lines  the  capsule,  and  it  is  distinct  from  other  tatrsal 
synovial  membranes. 

Articulatio  Talo-calcaneo-navicularis. — This  is  one  of  the  most  important  of 
the  joints  of  the  foot,  not  only  because  the  astragalus  is  here  situated  in  relation 
to  the  summit  of  the  antero-posterior  arch  of  the  foot,  but  because  the  head  of 
the  astragalus  is  received  into  a  composite  socket  made  up  of  sustentaculum  tali, 
scaphoid,  and  the  inferior  or  internal  calcaneo-scaphoid  ligament. 

The  articular  surface  on  the  head  of  the  astragalus  presents  anteriorly  a 
convex  rounded  facet  for  articulation  with  the  scaphoid,  interiorly  a  convex  facet 
which  rests  upon  the  sustentaculum  tali,  and  intermediate  between  these  two  there 
is  a  triangular  facet  which  articulates  with  the  inferior  calcaneo-scaphoid  ligament. 
All  these  facets  are  in  continuity  with  each  other,  and  are  in  front  of  the  tarsal 
groove  on  the  under  surface  of  the  astragalus.  Occasionally  a  fourth  narrow  facet  is 
found  along  the  outer  and  hinder  part  of  the  articular  surface  of  the  head  of  the 
astragalus,  whereby  it  articulates  with  superior  or  external  calcaneo-scaphoid  ligament. 

The  scaphoid  or  navicular  bone  presents  a  shallow,  cup-shaped,  articular  cavity 
towards  the  head  of  the  astragalus. 

The  articular  surface  of  the  sustentaculum  tali  is  concave,  and  is  usually  marked 
off  into  two  facets. 

Two  ligaments  play  an  important  part  in  binding  together  the  os  calcis  and 
the  scaphoid,  although  these  bones  do  not  directly  articulate ;  and  further,  these 
ligaments  provide  additional  articular  surfaces  for  the  head  of  the  astragalus. 
These  are  the  two  following  : — 

(a)  The  inferior  or  internal  calcaneo-scaphoid  ligament  (Figs.  228  and  230)  is  an 
extremely  powerful  fibro-cartilaginous  tie-band.  It  extends  between  the  anterior 
margin  of  the  sustentaculum  tali  and  the  inferior  surface  of  the  scaphoid  bone.  Certain 
of  its  upper  fibres  radiate  upwards  on  the  inner  surface  of  the  scaphoid,  and  become 
continuous  with  the  tibio«.navicular  portion  of  the  deltoid  ligament  of  the  ankle- 
joint.  The  plantar  aspect  of  this  ligament  is  in  contact  with  the  tendon  of  the 
tibialis  posticus  muscle,  through  which  the  head  of  the  talus  receives  great  support. 
Superiorly  it  contributes  an  articular  surface  which  forms  a  triangular  portion  of 
the  iloor  of  the  composite  socket  in  which  the  head  of  the  talus  is  received. 

(b)  The  superior  or  external  calcaneo-scaphoid  ligament  (Fig.  229)  lies  deeply 
in  the  front  part  of  the  sinus  tarsi,  i.e.  the  interval  between  the  astragalus  and  os 
calcis.  Its  fibres  are  short,  and  extend  from  the  dorsal  surface  of  the  front  part  of 
the  os  calcis,  immediately  to  the  outer  side  of  the  sustentacular  facet,  forwards  to 
the  outer  side  of  the  scaphoid  bone.  Frequently  the  ligament  presents  a  surface 
which  articulates  with  the  head  of  the  astragalus,  and  in  these  cases  it  forms  a  part 
of  the  composite  socket. 

The  cavity  of  the  talo-calcaneo-navicular  joint  is  closed  posteriorly  by  the 
interosseous  talo-calcaneal  ligament  already  described.  On  its  inner  and  outer 
inferior  aspects  it  is  closed  by  the  calcaneo-scaphoid  ligaments. 

The  superior  and  lateral  aspects  are  covered  by  an  astragalo-scaphoid  membrane 
or  ligament.  This  ligament  is  thin,  and  extends  from  tlie  upper  non-articular  area 
on  the  head  of  the  astragalus  to  the  dorsal  surface  of  the  scaphoid  bone.  It  may 
•  be  subdivided  into  dorsal  (superior),  lateral  (external),  and  medial  (internal), 
astragalo-scaphoid  ligaments  (Fig.  228),  which,  with  the  calcaneo-scaphoid  and 
interosseous  talo-calcaneal  ligaments,  complete  the  capsular  investment  of  the  joint. 
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A  distinct  synovial  membrane  lines  all  parts  of  the  capsule  of  the  joint. 
Articulatio  Calcaneo-cuboidea. — This  is  situated  between  the  anterior  concavo- 
convex  surface  of  the  os  calcis  and  the  posterior  similar  surface  of  the  cuboid. 

The  ligaments  which  invest  this  joint  constitute  a  calcaneo-cuboid  capsule,  whose 
parts  are  arranged  in  relation  to  the  four  non-articular  sides  of  the  cuboid  bone, 

and  are  especially  strong  upon  the 
plantar  aspect,  in  relation  to  their  great 
importance  in  resisting  strains. 

The  internal  calcaneo-cuboid  ligament 
(Fig.  229)  occupies  part  of  the  interval 
between  the  astragalus  and  os  calcis — 
sinus  tarsi.  It  is  sometimes  called  the 
interosseous  calcaneo-cuboid  ligament, 
and,  in  conjunction  with  the  superior  or 
external  calcaneo-scaphoid  ligament,  it 
forms  a  V-shaped  structure,  of  which 
the  single  end  is  attached  to  the  os 
calcis,  and  the  double  ends  separate  to 
reach  contiguous  areas  on  the  scaphoid 
and  cuboid  respectively. 

The  dorsal  calcaneo-cuboid  ligament 
(Fig.  229)  is  a  broad  portion  of  the 
capsule  extending  between  the  dorsal 
surfaces  of  the  two  bones. 

The  external  calcaneo-cuboid  ligament 
(Fig.  229)  is  another  but  narrower  part 
of  the  capsule  which  extends  from  the 
outer  aspect  of  the  os  calcis  to  the  outer 
side  of  the  cuboid,  immediately  behind 
the  facet  on  the  tuberosity. 

The  inferior  calcaneo-cuboid  ligaments 
are  two  in  number — a  superficial  and  a 
deep.  The  superficial  series  of  fibres, 
the  long  plantar  ligament  (Fig.  230),  is 

Fig.  230.-LIGAMENTS  on  Plantar  Aspect  of  Foot,   attached  to  the  under  surface  of  the  OS 

calcis  m  front  or  its  tuberosities.  It  forms 
a  long  powerful  structure  which  runs  forwards  to  be  fixed  to  the  under  surface  of  the 
cuboid  ridge,  but  many  of  its  fibres  pass  superficial  to  the  tendon  of  the  peroneus 
longus,  and  extend  to  the  bases  of  the  third,  fourth,  and  fifth  metatarsal  bones. 

The  deep  series  of  fibres,  the  short  plantar  ligament  (Fig.  230), is  distinctly  separated 
from  the  former  by  a  layer  of  areolar  tissue.  It  forms  a  broad  but  short  Ijand  of  great 
strength,  which  is  attached  to  the  under  surface  of  the  front  end  of  the  os  calcis, 
and  extends  to  the  under  surface  of  the  cuboid  just  behind  the  ridge.  Both  of 
these  ligaments  are  of  great  importance  in  maintaining  the  longitudinal  arch  of  the 
foot,  and  in  this  respect  are  only  second  to  the  inferior  calcaneo-scaphoid  ligaments. 
A  synovial  membrane  lines  the  capsule. 

Transverse  Tarsal  Articulation. — This  is  a  term  sometimes  applied  to  the 
astragalo-scaphoid  and  calcaneo-cuboid  joints.  These  articulatiousdonotcommunicate 
with  each  other ;  and  although  there  is  an  occasional  direct  articulation  between  the  ' 
scaphoid  and  cuboid,  it  does  not  constitute  an(!xtensionof  the  transverse  tarsal  joint,  but 
is  a  prolongation  from  the  series  of  scapho-cuneiform  and  cuneo-cuboid  articulations. 

Nevertheless  there  is  always  a  set  of  ligaments  which  bind  the  scaphoid  and 
cuboid  bones  together,  and  these  may  be  regarded  as  accessory  to  the  various 
transverse  tarsal  joints. 

The  dorsal  scapho-cuboid  ligament  (Fig.  229)  consists  of  short  oblique  fibres  which 
attach  the  contiguous  dorsal  surfaces  of  the  culjoid  and  scaphoid  bones. 

The  plantar  scapho-cuboid  ligament  (Fig.  230)  is  transverse  in  direction,  and  • 
extends  between  adjacent  plantar  areas  of  the  cuboid  and  scaphoid  bones. 

The  interosseous  scapho-cuboid  ligament  intervenes  between  contiguous  surfaces 
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of  the  same  bones.  When  there  is  an  extension  of  the  scapho-cnneiform  joint 
baclcwards  between  the  scaphoid  and  cuboid,  it  is  situated  iu  front  of  the  last- 
mentioned  ligament,  and  is  called  the  articulatio  scapho-cuboidea.  Around  this 
joint  the  preceding  hgaments  are  grouped.  Since,  however,  the  joint  is  inconstant 
while  the  ligaments  are  always  present,  it  is  preferable  to  consider  them  as  above 
indicated. 

Scapho-cuneiform  Articulation  (articulatio  cuneonavicularis). — This  joint  is 
situated  between  the  scaphoid  and  the  three  cuneiform  bones.  The  anterior  surface 
of  the  scaphoid  presents  facets  for  each  of  the  cuneiform  bones,  but  its  articular  surface 
is  not  interrupted.  •  These  facets  form  a  somewhat  convex  anterior  surface  which  fits 
into  the  shallow  articular  concavity  presented  by  the  proximal  ends  of  the  three 
cuneiform  bones.  This  joint  may  be  extended  by  the  occasional  scapho-cuboid 
articulation  already  referred  to. 

The  capsule  is  composed  of  short  strong  bands  which  are  distinctly  visible 
on  all  sides  except  towards  the  cuboid  bone,  where  the  joint  may  communicate 
with  the  cuneo-cuboid  and  scapho-cuboid  joints.  Anteriorly  the  joint  communi- 
cates with  the  intercuneiform  articulations.  Tlie  dorsal  parts  of  the  capsule  are 
short  longitudinal  bands  termed  dorsal  scapho-cuneiform  ligaments  (Figs.  228  and 
229).  These  extend  without  interruption  to  the  inner  aspect  of  the  joint. 
Inferiorly  there  are  similar  bands,  known  as  plantar  scapho-cuneiform  ligaments 
(Fig.  230),  also  longitudinal  in  direction,  but  intimately  associated  with  offsets 
from  the  tendon  of  the  tibialis  posticus  muscle. 

The  synovial  membrane  which  lines  the  capsule  sends  prolongations  forwards  on 
each  side  of  the  middle  cuneiform  bone,  and  in  addition  it  often  communicates 
with  the  cuneo-cuboid  joint-cavity,  and  it  always  communicates  with  the  scapho- 
cuboid  cavity  when  that  joint  exists. 

Intercuneiform  Articulations. — These  are  two  in  number,  and  exist  between 
adjacent  contiguous  surfaces  of  the  three  cuneiform  bones.  These  surfaces  are  partly 
articular  and  partly  non-articular.  The  small  size  of  the  middle  cuneiform  bone 
allows  the  internal  cuneiform  as  well  as  the  external  cuneiform  to  project  forwards 
beyond  it  on  both  sides,  and  therefore  the  articular  surfaces  turned  towards  the  middle 
cuneiform  are  not  entirely  occupied  by  that  bone.  They  form  a  recess  towards 
the  metatarsus,  into  which  the  base  of  the  second  metatarsal  bone  is  thrust. 

Dorsal  intercuneiform  ligaments  (Figs.  228  and  229)  constitute  fairly  strong 
transverse  bands  which  extend  between  adjacent  dorsal  surfaces  and  invest  the  joint 
cavities  in  this  direction. 

The  plantar  or  interosseous  intercuneiform  ligaments  (Fig.  230)  are  two  strong 
bands  which  pass  from  the  rough  non-articulur  areas  on  opposite  sides  of  the 
middle  cuneiform  to  the  opposing  surfaces  of  the  inner  and  outer  cuneiform  bones. 
These  ligaments  shut  in  tne  joint-cavities  inferiorly,  and  also  anteriorly  in  the  case 
of  the  outer  of  the  two  joints. 

The  synovial  membrane  is  an  extension  of  that  which  lines  the  scapho-cuneiform 
joint ;  but  while  it  is  restricted  to  the  outer  of  the  two  joints,  in  the  case  of  the 
inner  one  it  is  prolonged  still  further  forward  to  the  tarso-metatarsal  series  of  joints. 

Oubo-cuneiform  Articulation. — This  occurs  between  the  rounded  or  oval  facets 
on  the  opposing  surfaces  of  the  cuboid  and  external  cuneiform. 

The  dorsal  cubo-cuneiform  ligament  (Fig.  229)  is  a  flat,  somewhat  transverse, 
band  which  closes  the  joint  on  its  superior  aspect,  and  extends  between  the  dorsal 
surfaces  of  the  two  bones. 

The  plantar  cubo-cuneiform  ligament  is  difficult  to  determine.  It  is  situated  sub- 
jacent to  the  long  plantar  ligament,  and  extends  between  adjacent  rough  surfaces 
of  the  two  bones. 

The  interosseous  cubo-cuneiform  ligament  is  the  strongest.  It  closes  the  joint 
cavity  anteriorly,  and  is  attached  to  the  contiguous  non-articular  surfaces  of  the 
two  bones. 

The  synovial  membrane  is  frequently  distinct,  but  at  other  times  the  joint  cavity 
communicates  with  those  of  the  scapho-cuneiform  and  scapho-cuboid  articulations. 

Synovial  Membranes  of  the  Intertarsal  Joints. — Four  and  sometimes  five 
distinct  and  separate  synovial  membranes  may  thus  be  enumerated  in  connexion 
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with  the  tarsal  articulations,  viz. :  (1)  talo-calcaneal ;  (2)  talo-calcaneo-navicularis  ; 
(3)  calcaneo-cuboid ;  (4)  scapho-cuneiform  and  its  extensions ;  (5)  occasionally 
cubo-cuiieiform. 

TARSO-METATARSAL  JOINTS. 

The  tarso-metatarsal  joints  are  found  between  certain  articular  facets  on  the 
cuboid  and  three  cuneiform  bones  on  the  one  liand,  and  others  on  the  bases  of  the 
five  metatarsal  bones.  These  articulations  are  associated  with  three  distinct 
synovial  cavities — namely,  an  inner,  middle,  and  outer. 

(1)  The  inner  tarso-metatarsal  articulation  occurs  between  the  distal  convex 
reniform  surface  of  the  internal  cuneiform  bone  and  the  concavo-reniform  surface 
on  the  proximal  aspect  of  the  base  of  the  first  metatarsal  bone. 

Ligaments  which  form  a  capsule  (Figs.  228  and  230)  surround  the  articulation. 
In  the  capsule  the  dorsal  and  plantar  tarso-metatarsal  bands  are  its  strongest  parts, 
but  it  is  not  deficient  either  on  the  inner  or  on  the  outer  aspects. 

A  separate  synovial  membrane  lines  the  capsule. 

(2)  The  middle  tarso-metatarsal  articulation  is  an  elaborate  joint.  It 
involves  the  three  cuneiform  bones  and  the  bases  of  the  second,  third,  and  part  of 
the  fourth  metatarsal  bones. 

The  articulation  presents  the  outline  of  an  indented  parapet  both  on  its  tarsal 
and  its  metatarsal  aspects.  Thus,  on  its  tarsal  side,  the  inner  and  the  outer  cunei- 
form bones  project  in  front  of  the  middle  cuneiform,  so  that  the  latter  only  presents 
a  distal  surface  to  the  articulation ;  while  the  internal  cuneiform  presents  a  portion 
of  its  external  surface,  and  the  external  cuneiform  presents  both  its  distal  and 
portions  of  its  outer  and  inner  surfaces,  since  it  projects  in  front  of  the  cuboid 
bone.  On  its  metatarsal  side  the  base  of  the  second  metatarsal  bone  fits  into  the 
indentation  between  the  outer  and  inner  cuneiforms,  to  which  it  presents  external 
and  internal  articular  facets,  but  its  proximal  facet  rests  upon  the  distal  facet  of  the 
middle  cuneiform.  The  base  of  the  third  metatarsal  bone  rests  its  proximal  facet 
upon  the  outer  cuneiform.  The  fourth  metatarsal  base  presents  part  of  its  internal 
facet  to  the  external  side  of  the  outer  cuneiform.  In  this  way  the  indentations 
alternate  on  the  two  sides  of  the  articulation,  and  an  extremely  powerful  interlock- 
ing of  parts  is  provided,  which  places  any  marked  independent  movement  of  these 
metatarsal  bones  entirely  out  of  the  question. 

The  dorsal  tarso-metatarsal  ligaments  (Fig.  229)  are  broad  flat  bands  which 
represent  the  most  distinct  parts  of  an  investing  capsule.  They  pass  from  behind 
forwards,  and  while  the  second  metatarsal  bone  receives  three,  i.e.  one  from  each 
cuneiform,  tlie  third  metatarsal  only  receives  one — from  the  external  cuneiform. 

The  plantar  tarso-metatarsal  ligaments  (Fig.  230)  correspond  with  the  foregoing 
in  their  general  arrangement,  but  they  are  weaker.  That  for  the  second  metatarsal 
is  the  strongest.  Oblique  bands  extend  from  the  inner  cuneiform  bone  to  the 
second  and  third  metatarsals. 

The  interosseous  cuneo-metatarsal  ligaments  are  three  in  number.  The  inner 
connects  the  outer  side  of  the  internal  cuneiform  with  the  inner  side  of  the  base  of 
the  second  metatarsal  bone.  The  middle  connects  the  inner  side  of  the  external 
cuneiform  with  the  outer  side  of  the  base  of  the  second  metatarsal.  The  outer 
connects  the  adjacent  outer  sides  of  the  external  cuneiform  and  third  metatarsal. 

The  synovial  membrane,  which  lines  this  articulation,  sends  a  prolongation  back- 
wards between  the  inner  and  middle  cuneiform  bones,  where  it  opens  into  the 
scapho-cuneiform  joint.  It  is  likewise  prolonged  forwards  upon  both  sides  of  each 
of  the  bases  of  the  second  and  third  metatarsal  bones. 

(3)  The  external  tarso-metatarsal  articulation  is  found  between  the  proximal 
surfaces  of  the  bases  of  the  fourth  and  fifth  metatarsal  bones  and  the  distal  surface 
of  the  cuboid. 

The  investing  capsule  may  be  resolved  into  the  following  ligaments : — 
The  dorsal  tarso-metatarsal  ligaments  (Fig.  229)  resemble  those  already  described. 
The  base  of  the  fourth  metatarsal  receives  one  from  the  external  cuneiform  and  one 
from  the  cuboid.    The  base  of  the  fifth  metatarsal  receives  one  from  the  cuboid. 
The  plantar  tarso-metatarsal  ligaments  (Fig.  230)  are  the  weakest  bands  of  the 
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series,  and  consist  of  scattered  fibres  passing  from  the  cuboid  to  the  bases  of  the 
two  metatarsals.  Some  fibres,  which  are  almost  transverse,  extend  irom  the 
external  cuneiform  to  the  fifth  metatarsal,  and  additional  fibres  reach  the  meta- 
tarsals in  question  from  the  long  plantar  ligament  (calcaneo-cuboid). 


Occasionally  the  tarsal  end  of  the  external  interosseous  (cuneo-metatarsal)  liga- 
ment is  attached  to  the  inner  margin  of  the  cuboid. 

The  synovial  membrane  is  restricted  to  this  articulation,  and  merely  sends  a 
prolongation  forwards  between  the  opposing  articulate  aspects  of  the  fourth  and 
fifth  metatarsal  bases. 


The  intermetatarsal  articulations  are  found  between  adjacent  lateral  aspects  of 
the  bases  of  the  four  outer  metatarsal  bones.  The  articular  facets  are  small,  oval, 
or  rounded  surfaces  which  occupy  only  a  limited  portion  of  the  flattened  contiguous 
surfaces  of  the  bones.  Each  joint  is  provided  with  a  capsule,  wliich,  however,  is  not 
a  complete  investment,  because  the  three  joint  cavities  are  in  free  communication 
on  their  proximal  aspects  with  the  tarso-metatarsal  joint  cavities — one  with  the 
outer  and  two  with  the  middle.  The  definite  fibres  of  each  capsule  are  situated 
chiefly  in  the  transverse  direction. 

The  dorsal  ligaments  (Fig.  229)  are  short  bands  which  extend  from  one  base  to 
the  other. 

The  plantar  (Fig.  230)  and  interosseous  ligaments  are  similarly  arranged,  but  the 
latter  are  the  strongest  and  most  important  members  of  this  series. 

The  synovial  membranes  are  extensions  from  those  which  line  the  outer  and 
middle  tarso-metatarsal  joint  cavities. 

Frequently  a  bursa  is  found  between  the  bases  of  the  first  and  second  metatarsal  bones.  It 
produces  an  appearance  of  indistinct  facetting  upon  these  bones,  and  it  may  communicate  witli 
the  inner  tarso-metatarsal  (cuneo-metatarsal)  joint. 

The  transverse  metatarsal  ligament  (Fig.  230)  lies  upon,  and  is  attached  to,  the 
non-articular  plantar  aspects  of  the  heads  of  all  the  metatarsal  bones.  It  differs 
from  the  corresponding  ligament  in  the  palm  in  the  fact  that  it  binds  all  the 
metatarsal  bones  together,  whereas  in  the  palm  the  thumb  is  left  free.  It  is 
closely  associated  with  the  plantar  fibrous  plates  of  the  metatarso-phalangeal  joints, 
to  the  plantar  surfaces  of  which  it  contributes  prolongations  termed  ligamenta 
accessoria  plantaria. 


Each  of  these  joints  is  a  modified  ball-and-socket  in  which  a  shallow  cup  upon  the 
bases  of  the  first  phalanges  receives  the  somewhat  globular  head  of  a  metatarsal  bone. 

Each  joint  retains  a  modified  capsule  (Figs.  228  and  230)  which  invests  the 
joint.  Its  only  distinct  bands  are  the  ligamenta  collateralia.  These  are  strong 
cord-like  bands  which  are  situated  on  the  inner  and  outer  sides  of  each  joint, 
where  they  extend  between  adjacent  rough  surfaces. 

On  the  dorsal  aspect  ligaments  distinct  from  the  dorsal  expansion  of  the  ex- 
tensor tendons  can  hardly  be  said  to  exist.  The  plantar  aspect  of  the  capsule 
consists  of  a  thick  fibrous  plate,  which  in  the  case  of  the  great  toe  presents 
developed  within  it  two  large  sesamoid  bones.  In  the  other  toes  this  plate  remains 
fibrous  throughout,  and  is  grooved  on  its  plantar  aspect  for  the  accommodation  of 
the  long  flexor  tendons.  It  will  thus  be  seen  that  the  metatarso-phalangeal  join  ts  are 
constructed  upon  a  plan  very  similar  to  that  of  the  corresponding  joints  in  the  hand. 

A  synovial  membrane  lines  the  capsule  of  each  articulation. 


Each  toe  possesses  two  interphalangeal  joints  except  the  great  toe,  which  has 
only  one.  Not  unfrequently  in  the  little  toe  the  distal  joint  is  obliterated  through 
ankylosis.  All  the  joints  of  this  series  are  uniaxial  or  hinge  joints.  The  nature 
of  the  articular  surfaces  closely  resembles  the  corresponding  joints  in  the  fingers. 


INTERMETATARSAL  JOINTS. 


METATARSO-PHALANGEAL  JOINTS. 


INTERPHALANGEAL  JOINTS. 


304 


THE  ARTICULATIONS  OR  JOINTS. 


Each  joint  possesses  a  capsule  (Figs.  228  and  230)  which  is  either  very  thin 
or  limited  to  synovial  memljrane  on  the  dorsal  aspect.  The  plantar  surface  of  the 
capsule  is  strengthened  by  a  fibrous  plate.  The  lateral  ligaments  (ligamenta 
collateralia)  are  well-detined  bands  similar  to  those  already  described  in  connexion 
with  the  metatarso-phalangeal  joints. 

A  synovial  membrane  lines  each  capsule  in  the  series. 

Mechanism  of  the  foot. — The  bones  of  the  foot  are  arranged  in  the  form  of  a  longitudinal 
and  a  transverse  arch.  The  longitudinal  arch  is  built  on  a  very  remarkable  plan.  Posteriorly 
the  mass  of  the  os  calcis  constitutes  a  rigid  and  stable  pier  of  support,  while  anteriorly,  by  increasing 
the  number  of  component  j^arts,  the  anterior  pier  acquires  great  flexibility  and  elasticity  without 
sacrificing  strength  or  stability.  The  summit  of  the  arch  is  formed  by  the  astraigalus,  which 
receives  the  weight  of  the  body  from  the  tibia,  and  the  resilience  of  the  arch  is  assured  by  the 
calcaneo-scaphoid  and  calcaneo-cuboid  ligaments,  together  with  the  plantar  fascia,  which  act  as 
jiowerful  braces  or  tie  bands,  preventing  undue  sejjaration  of  the  Y>ievs  of  the  arch,  and  consequent 
flattening  of  the  foot.  The  weight  of  the  body  is  distributed  over  all  the  five  digits,  owing  to 
the  arrangement  of  the  bones  of  the  foot  in  two  parallel  columns,  an  inner  and  an  outer.  The 
former,  consisting  of  the  astragalus,  scaphoid,  and  the  three  cuneiforms,  with  the  three  inner 
metatarsal  bones,  distributes  weight  through  the  talo-scaphoid  joint,  while  the  latter  {i.e.  the 
outer  column),  comprising  the  calcaneum,  cuboid,  and  the  two  outer  metatarsal  bones,  acts  in  a 
similar  manner  through  the  talo-calcanean  joint.  The  main  line  of  immobility  of  this  arch 
l^asses  from  the  heel  forwards  through  the  middle  toe,  but  its  anterior  section,  which  is  slender, 
is  supported  on  either  side  by  two  metatarsal  bones,  with  their  proximal  tarsal  associations,  in 
all  of  which  greater  freedom  of  movement  is  found.  The  transverse  arch  is  most  marked  at  tlie 
level  of  tarso-metatarsal  articulations.  The  intersection  of  these  two  arches  at  I'ight  angles  to 
each  other  introduces  an  architectural  feature  of  great  importance  in  connexion  with  the 
support  of  heavy  weights.  These  longitudinal  and  transverse  arches  of  the  foot  are  in  effect 
"  vaults  "  intersecting  each  other  at  right  angles,  and  in  relation  to  the  area  which  is  common  to 
both  "  vaults "  the  body  weight  is  superposed  exactly  as  the  dome  of  a  cathedral  is  carried 
upon  two  intersecting  vaults. 

Movements  at  the  Joints  of  Tarsus,  Metatarsus,  and  Phalanges. — Considered  in  detail, 
the  amount  of  movement  which  takes  place  between  any  two  of  these  bones  is  extremely  small, 
and,  so  far  as  the  tarsus  and  metatarsus  are  concerned,  it  is  mostly  of  the  nature  of  a  gliding 
motion. 

At  the  metatarso-phalangeal  and  interphalangeal  joints  movement  is  much  more  free,  and 
is  of  the  nature  of  flexion  (bending  of  the  toes  towards  the  sole  of  the  foot,  i.e.  plantar  flexion) 
and  extension.  The  latter  movement  when  continued  so  as  to  raise  the  toes  from  the  ground, 
and  bend  or  approximate  them  towards  the  front  of  the  leg,  is  termed  dorsiflexion.  Coincident 
with  dorsiflexion  there  is  always  associated  a  certain  amount  of  spreading  of  the  toes,  which  is 
called  abduction,  and  similarly  with  prolonged  flexion  there  follows  a  diminution  or  narrowing 
of  the  transverse  diameter  of  the  front  part  of  the  foot  by  drawing  the  toes  together — a  move- 
ment termed  adduction.  In  the  foot  the  movements  of  abduction  and  adduction  take  place  in 
regard  to  a  plane  which  bisects  the  foot  antero-jjosteriorly  through  the  second  toe,  for  this  toe 
carries  the  first  and  second  dorsal  interosseous  muscle. 

Notwithstanding  the  small  amount  of  possible  movement  in  connexion  with  individual 
tarsal  and  metatarsal  joints,  yet  the  sum  total  of  these  movements  is  considerable  as  regards  the 
entire  foot.  In  this  way  the  movements  of  inversion  and  eversion  of  the  foot  result.  By 
inversion  we  mean  the  raising  of  the  inner  border  of  the  foot  so  that  the  sole  looks  inwards, 
while  the  toes  are  depressed  towards  the  ground,  and  the  outer  border  of  the  foot  remains  down- 
wards. This  takes  place  chiefly  at  the  talo-calcanean  joint,  but  the  transverse  tarsal  joints  also 
participate. 

Eversion  is  chiefly  the  opposite  of  inversion,  and  the  return  of  the  foot  to  the  normal  piosition 
of  the  erect  attitude ;  but  under  certain  conditions  it  may  be  carried  further,  so  that  the  outer 
border  of  the  foot  is  raised  from  the  ground,  while  the  inner  border  is  depressed.  In  both  of  these 
movements  there  is  rotation  between  the  astragalus  and  os  calcis  about  an  oblique  axis  which 
passes  from  the  inner  side  of  the  neck  of  the  astragalus  to  the  outer  and  lower  'pavt  of  the  os 
calcis. 

Of  course  all  the  movements  of  the  foot  are  subordinated  to  its  primary  functions  as  an  organ 
of  supi^ort  and  progression.  For  these  purposes  its  longitudinal  and  transverse  arches  are  of 
extreme  importance.  The  longitudinal  arch  resting  on  the  os  calcis  behind  and  the  heads  of 
the  metatarsal  bones  in  front  receives  the  weight  of  the  body,  as  already  explained,  on  the  summit 
of  the  astragalus  in  the  line  of  the  third  toe.  Hence  it  is  that  the  inner  malleolus  appears  to  be 
unduly  prominent  on  the  inner  side  of  the  ankle.  The  transverse  arch  buttresses  the  longitudinal 
one,  ancl  therefore,  M'hether  the  body  weight  fall  to  the  outer  oi-  the  inner  side  of  the  longitudinal 
arch,  it  is  supported  by  a  mechanism  at  once  stable,  flexible,  and  elastic,  or  resilient,  and  cajjable 
of  reducing  to  a  minimum  all  jars  that  may  be  received  by  the  forepart  of  the  foot.  As  the  heel 
is  raised,  in  the  act  of  walking,  the  weight  is  gradually  transferred  from  the  outer  to  the  inner 
side  of  the  foot,  until  the  foot  finally  leaves  the  ground  with  a  propulsive  movement,  which 
results  from  flexion  of  the  phalanges  of  the  great  toe.  In  this  connection  it  is  worthy  of  note 
that  the  longitudinal  line  of  greatest  strength  is  on  the  inner  side  of  the  longitudinal  arch,  i.e. 
in  relation  to  the  great  toe. 
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MYOLOGY. 
By  A.  M.  Paterson.  \ 

The  movements  of  the  various  parts  and  organs  of  the  body  are  brought  about  by 
the  agency  of  muscle-cells,  characterised  by  a  special  histological  structure  and  by 
the  special  function  of  contracting  in  length  under  the  influence  of  a  proper 
stimulus.  The  following  section  deals  solely  with  the  skeletal  muscles,  the 
structure,  arrangement,  and  mechanical  action  of  which  are  based  upon  a  common 
plan. 

The  cells  of  which  the  skeletal  muscles  are  composed  are  long,  narrow^  and 
characterised  by  a  peculiar  striation,  which  is  different  from  the  striation  of 
the  muscle-cells  of  the  heart ;  they  also  differ  both  in  structure  and  function 
from  the  non-striated  (and  involuntary)  muscle-cells  which  occur  in  viscera  and 
vessels. 

A  typical  skeletal  muscle  consists  of  a  fleshy  mass  enveloped  in  a  membranous 
aponeurosis  or  fascia,  and  provided  at  its  attached  ends  or  borders  with  membranous 
or  tendinous  connexions  to  bone,  cartilage,  or  fascia. 

Each  muscle  is  made  up  of  a  number  of  fasciculi  or  bundles,  arranged  together 
in  different  ways  in  different  muscles,  so  as  to  give  rise  to  the  particular  form  of 
the  muscle  in  question.  These  fasciculi  are  connected  together  by  a  delicate 
connective  tissue,  the  perimysium  externum,  continuous  externally  with  the 
aponeurosis  enclosing  the  muscle. 

Each  muscular  bundle  or  fasciculus  is  composed  of  a  number  of  narrow,  elon- 
gated muscle-cells  or  fibres,  held  together  by  a  still  more  delicate  connective  tissue, 
the  perimysium  internum ;  this  tissue  is  connected  on  the  one  hand  with  the  sarco- 
lemma  or  cell -wall  of  the  muscle -cell,  and  on  the  other  hand  with  the  coarser 
tissue  of  the  perimysium  externum  enclosing  the  muscular  bundles. 

By  means  of  these  connective  tissue  envelopes  the  muscle-cells,  the  essential 
agents  of  motor  activity,  are  brought  into  firm  and  intimate  relation  with  the 
osseous  or  other  attachments  of  the  muscle.  Through  the  agency  of  sarcolemma, 
perimysium  internum,  perimysium  externum,  aponeurosis,  and  tendon,  the  muscle- 
cell  when  contracted  can  produce  a  precise  and  definite  effect  upon  the  weight  to 
be  moved. 

Each  muscle  is  supplied  by  one  or  more  nerves,  which,  after  entering  the 
substance  of  the  muscle,  separate  into  smaller  and  smaller  branches,  ultimately 
forming  special  terminal  end  organs  in  relation  to  each  muscle-cell. 

While  a  muscle  may  thus  be  looked  upon  as  an  organ  endowed  with  particular 
properties,  and  executing  a  definite  movement  in  response  to  a  stimulus,  by  the 
simultaneous  contraction  of  its  constituent  cells,  the  various  muscles  may  further 
be  considered  in  groups,  associated  by  mode  of  development,  nerve-supply,  and 
co-ordination  of  action.  For  example,  we  speak  of  the  hamstring  muscles  of  the 
thigh,  the  muscles  of  the  back,  and  the  prsevertebral  muscles,  groups  in  which 
separate  muscles  are  associated  together  by  development,  nerve-supply,  and  action. 
In  their  development  the  separate  muscles  arise  from  the  subdivision  of  a  larger 
20 
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stratum,  as  iu  the  limbs,  or  from  the  fusion  of  segmental  elements  (myotomes),  as  in 
the  case  of  the  axial  muscles ;  the  peripheral  nerves  supplying  skeletal  muscles  are 
distributed,  through  the  plexuses  or  directly,  so  as  to  associate  particular  muscles 
morphologically  and  physiologically,  and  to  secure  a  co-ordinated  movement  by  the 
simultaneous  contraction  of  several  muscles  together. 

Superficial  Fascia. — The  superficial  fascia  is  a  continuous  sheet  of  areolar 
tissue  which  underlies  the  skin  of  the  whole  body.  It  is  closely  adherent  to  the 
cutis  vera,  and  is  sometimes  termed  panniculus  adiposus,  from  the  fact  that,  except 
beneath  the  skin  of  the  eyelids,  penis,  and  scrotum,  it  is  always  more  or  less 
impregnated  with  fat.  It  is  traversed  by  the  cutaneous  vessels  and  nerves ;  and 
its  deep  surface,  membranous  in  character,  is  in  loose  connexion  with  the  subjacent 
deep  fascia. 

Deep  Fascia.  —  Underneath  the  skin  and  superficial  'fascia  is  a  fibrous 
membrane,  bluish-white  in  colour,  devoid  of  fat,  and  in  closest  relation  to  skeleton, 
ligaments,  and  muscles.  This  is  the  deep  fascia.  It  covers,  invests,  and  in  some 
cases  forms  the  means  of  attachment  of  the  various  muscles.  It  has  a  special 
tendency  to  become  attached  to  all  subcutaneous  bony  prominences,  and  to  be 
continuous  with  the  connecting  ligaments.  It  forms  septal  processes,  which 
separate  groups  of  muscles  and  individual  muscles ;  enclose  glands  and  viscera ; 
and  form  sheaths  for  vessels  and  nerves.  Around  joints  it  gives  rise  to  bands 
which  strengthen  the  capsule  or  limit  the  mobility  of  the  joint,  or,  as  in  the  case 
of  annular  ligaments,  bind  down  the  tendons  passing  over  the  joint.  It  not  only 
ensheathes  vessels  and  nerves,  but  is  also  perforated  by  those  which  pass  between 
superficial  and  deeper  parts. 

The  term  aponeurosis  is  used  in  relation  to  muscles.  It  is  synonymous  with  deep 
fascia,  either  as  an  investing  fascia  or  as  a  membranous  layer  which  {e.g.  vertebral 
aponeurosis)  performs  at  one  and  the  same  time  the  purpose  of  a  deep  fascia  and 
the  expanded  membranous  attachment  of  a  muscle. 

Bursse. — Where  a  tendon  passes  over  a  bony  surface,  or  where  the  superficial 
fascia  and  skin  cover  a  bony  prominence,  there  is  generally  formed  a  synovial 
sac,  or  bursa,  containing  fluid,  for  the  purpose  of  lubricating  the  surface  over 
which  the  tendon  or  fascia  glides.  Allied  to  these  are  the  synovial  sheaths 
which  envelop  tendons  beneath  the  annular  ligaments  in  relation  to  the  several 
joints. 

Description  of  Muscles. — In  studying  the  muscular  system  it  is  necessary  to 
note  the  following  characters  in  reference  to  each  muscle : — (1)  The  shape  of  the 
muscle- — flat,  cylindrical,  triangular,  rhomboidal,  etc. — and  the  character  of  its 
extremities — membranous,  tendinous,  or  fleshy.  (2)  The  attachments  of  the  muscle. 
The  origin  is  the  more  fixed  or  central  attachment :  the  insertion  is  the  more  mov- 
able or  peripheral  attachment.  (3)  The  relations  of  the  surfaces  and  borders  of  the 
muscle  to  bones,  joints,  other  muscles,  and  other  important  structures.  (4)  Its 
vascular  and  nervous  supply ;  and  (5)  its  action.  It  must  be  borne  in  mind  that 
hardly  any  single  muscle  acts  alone.  Each  muscle,  as  a  rule,  forms  one  of  a  group 
acting  more  or  less  in  harmony  with,  and  antagonised  by,  other  and  opposite 
groups. 

The  muscles  of  the  body  are  separable  histologically  into  two  great  divisions, 
according  to  the  character  of  the  muscle-cells.  Striated  muscle  fibres  constitute 
the  whole  of  the  skeletal  muscles.  Non-striated  muscle  fibres  are  characteristic  of 
the  muscular  system  of  the  viscera  and  vessels.  The  heart  is  composed  of  a  striated 
muscular  structure  of  a  peculiar  kind.  Only  the  striated,  skeletal  muscles  are 
described  in  this  section. 

The  skeletal  muscles  may  be  divided  into  two  series :  axial  and  appendicular. 
The  axial  muscles  comprise  the  nmscles  of  the  trunk,  head,  and  face,  including 
the  panniculus  carnosus  (platysma  myoides).  These  muscles  are  more  or  less 
segmental  in  arrangement,  grouped  around  the  axial  skeleton.  The  appendicular 
muscles,  the  muscles  of  the  limbs,  are  grouped  around  the  appendicular  skeleton. 
They  are  not  definitely  segmental  in  arrangement,  are  clearly  separate  from  tlie 
axial  muscles,  and  are  arranged  in  definite  strata  in  relation  to  the  bones  of  the 
limbs. 
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THE  UPPER  LIMB. 

FASCIA  AND  MUSCLES  jdV  THE  BACK. 
FASCIJE. 

The  superficial  fascia  of  the  back  presents  no  peculiarity.  It  is  usually 
of  considerable  thickness,  and  contains  a  quantity  of  fat. 

The  deep  fascia  closely  invests  the  muscles.  It  is  attached  in  the  middle  line 
to  the  liganientum  nuchse,  supraspinous  ligaments,  and  vertebral  spines ;  laterally 
it  is  attached  to  the  spine  of  the  scapula  and  the  clavicle,  and  is  continued  over 
the  deltoid  region  to  the  arm.  In  the  neck  it  is  attached  above  to  the  superior 
curved  line  of  the  occipital  bone,  and  is  continuous  laterally  with  the  deep  cervical 
fascia.  Below  the  level  of  the  arm  it  is  continuous  round  the  border  of  the 
latissimus  dorsi  muscle,  with  the  fascia  of  the  axilla  and  of  the  abdominal  wall. 
In  the  back  and  loin  it  constitutes  the  vertebral  aponeurosis  or  aponeurosis  of  the 
latissimus  dorsi,  concealing  the  erector  spinte,  forming  the  posterior  layer  of  the 
lumbar  fascia,  and  attached  internally  tp  the  vertebral  spines,  externally  to  the 
angles  of  the  ribs  above,  to  the  lumbar  fascia  in  the  loin,  and  to  the  iliac  crest 
below. 

The  Superficial  Muscles  of  the  Back. 

The  posterior  muscles  connecting  the  upper  limb  to  the  trunk  comprise  the 
first  two  layers  of  the  muscles  of  the  back — (1)  trapezius  and  latissimus  dorsi,  and 
(2)  levator  anguli  scapulae  and  rhomboidei  (major  and  minor).. 

The  trapezius  (m.  trapezius,  cucuUaris)  is  a  large  triangular  muscle.  It  arises 
from  the  superior  curved  line  of  the  occipital  bone  in  its  inner  third,  from  the 
external  occipital  protuberance,  from  the  Hgamentum  nuchte,  from  the  spines  of 
the  seventh  cervical  and  all  the  thoracic  vertebrae,  and  the  corresponding  supra- 
spinous ligaments.  The  origin  is  by  direct  fleshy  attachment,  except  in  relation  to 
the  occipital  bone,  the  lowest  part  of  the  neck,  and  the  lower  thoracic  vertebrte,  in 
which  places  the  origins  are  tendinous.  From  their  origin  the  muscular  flbres 
converge  towards  the  bones  of  the  shoulder,  to  be  inserted  continuously  from  before 
backwards  as  follows (1)  The  occipital  and  upper  cervical  fibres,  into  the  pos- 
terior surface  of  the  clavicle  in  its  outer  third ;  (2)  the  lower  cervical  and  upper 
thoracic  fibres,  into  the  inner  side  of  the  acromion  process,  and  the  upper  border 
of  the  spine  of  the  scapula  in  its  whole  length  ;  and  (3)  the  lower  thoracic  fibres,  by 
a  triangular  flat  tendon,  beneath  which  a  bursa  is  placed,  into  a  rough  tuberosity 
at  the, base  of  the  spine  of  the  scapula.  The  occipital  portion  of  the  muscle  may 
be  in  the  form  of  a  separate  slip,  or  may  be  entirely  absent. 

The  trapezius  is  superficial  in  its  whole  extent.  Its  upper  lateral  border  forms 
the  posterior  limit  of  the  posterior  triangle  of  the  neck.  The  lower  lateral  border, 
passing  over  the  upper  edge  of  the  latissimus  dorsi  and  the  vertebral  border  of  the 
scapula,  forms  a  boundary  of  the  so-called  triangle  of  auscultation  completed  below 
by  the  latissimus  dorsi,  and  externally  by  the  vertebral  border  of  the  scapula.  This 
space  is  partly  filled  up  by  the  rhomboideus  major.  The  deep  surface  of  the  muscle 
is  in  contact  with  the  levator  anguli  scapulae,  rhomboidei,  latissimus  dorsi,  and 
other  deeper  muscles.  The  spinal  accessory  nerve,  branches  of  the  cervical  plexus 
(C.  3'4),  and  of  the  superficial  cervical  and  posterior  scapular  arteries,  are 
situated  beneath  the  muscle. 

■  The  latissimus  dorsi  is  a  large  triangular  muscle  with  a  triple  origin.  It 
arises — (1)  from  the  vertebral  aponeurosis  (posterior  layer  of  the  lumbar  fascia  or 
aponeu.rosis  of  the  latissimus  dorsi).  This  is  a  thick  membrane  which  conceals  the 
erector  spinae  in  the  lower  part  of  the  back.  Through  it  the  latissimus  dorsi  gains 
attachment  to  the  spines  of  the  lower  six  thbracic  vertebrae,  the  spines  of  the 
lumbar  vertebrae,  and  the  tendon  of  the  erector  spinae  with  which  the  aponeurosis 
blends  below.  It  also  arises  more  externally  by  fleshy  fibres  from  the  posterior 
part  of  the  iliac  crest.    From  this  origin  the  muscle  is  directed  upwards  and  out- 
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wards,  its  fibres  converging  to  the  lower  angle  of  the  scapula.  In  relation  to  its 
superior  and  external  borders,  additional  fibres  arise.  (2)  Along  the  outer  border 
muscular  shps  arise  from  the  lower  three  or  four  ribs,  interdigitating  with  the 


FiG<  231. — Superficial  Muscles  of  the  Back. 

origins  of  the  obliquus  exteruus  abdominis.  (3)  As  tJie  iqjj^er  harder  of  the  muscle 
passes  horizontally  over  the  lower  angle  of  the  scapula,  an  additional  fleshy  slip 
usually  takes  origin  from  the  bone  to  join  the  muscle  on  its  deep  surface. 

Beyond  the  lower  angle  of  the  scapula  the  latissimus  dorsi,  greatly  narrowed, 
curves  spirally  round  the  teres  major  muscle,  and  forms  the  prominence  of  the 
posterior  axilla,ry  fold.  It  ends  in  a  ribbon-like  tendon,  closely  adherent  at  first  to 
the  teres  major,  which  is  inserted  into  the  fioor  of  the  bicipital  groove  of  the 
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humerus,  behind  the  coraco-brachialis  and  biceps,  and  the  axillary  vessels  and 
nerves.  It  lies  in  front  of  the  insertion  of  the  teres  major,  from  which  it  is 
separated  by  a  bursa. 

In  the  back  the  latissimus  dorsi  is  superficiAl,  except  in  its  upper  part,  which  is 
concealed  by  the  trapezius.  It  lies  upon  the  lumbar  fascia,  ribs,  and  lower  angle 
of  the  scapula,  and  at  its  borders  two  triangular  spaces  are  formed ;  at  the  upper 
border  is  the  so-called  triangle  of  auscultation :  at  the  outer  border  is  the  triangle 
of  Petit,  a  small  space  bounded  by  the  iliac  crest,  the  latissimus  dorsi,  and  the 
obliquus  externus  abdominis.    This  is  the  site  of  an  occasional  lumbar  hernia. 

The  levator  anguli  scapulae  (levator  scapulae)  is  a  strap-like  muscle,  arising 
by  tendinous  sHps  from  the  posterior  tubercles  of  the  transverse  processes  of  the 
first  three  or  four  cervical  vertebrae,  between  the  attachments  of  the  scalenus 
medius  and  splenius  colli.  It  is  directed  downwards  along  the  side  of  the  neck,  to 
be  inserted  into  the  vertebral  border  of  the  scapula  in  its  upper  fourth,  from  the 
superior  angle  to  the  spine.  It  is  concealed  in  its  upper  third  by  the  sternomastoid 
and  deep  muscles  of  the  neck.  In  its  middle  third  it  occupies  the  floor  of  the 
posterior  triangle.  In  its  lower  third  it  is  again  hidden  from  view  by  the  trapezius. 
It  conceals  the  splenius  colli  and  cervicalis  ascendens  muscles. 

The  rhomboideus  minor  may  be  regarded  as  a  separated  slip  of  the  rhom- 
boideus  major,  with  which  it  is  often  continuous.  It  arises  from  the  ligamentum 
nuchas  and  the  spines  of  the  seventh  cervical  and  first  thoracic  vertebrae.  Passing 
obliquely  downwards  and  outwards,  it  is  inserted  into  the  vertebral  border  of  the 
scapula  below  the  levator  anguli  scapulse  muscle,  and  opposite  to  the  base  of  the 
spine. 

The  rhomboideus  major  arises  from  the  spinous  processes  of  the  thoracic 
vertebrae  from  the  second  to  the  fifth  inclusive,  and  from  the  corresponding  supra- 
spinous ligaments.  Passing  downwards  and  outwards,  it  is  inserted  below  the 
rhomboideus  minor  into  the  vertebral  border  of  the  scapula,  between  the  spine  and 
the  lower  angle.  The  muscle  is  only  inserted  directly  into  the  scapula  by  means 
of  its  lower  fibres.  Its  upper  part  is  attached  to  a  membranous  band,  which, 
connected  for  the  most  part  by  loose  areolar  tissue  to  the  vertebral  border  of  the 
scapula,  is  fixed  to  the  bone  at  its  extremities,  above  near  the  base  of  the  spine, 
and  below  at  the  inferior  angle. 

The  rhomboid  muscles  are  concealed  for  the  most  part  by  the  trapezius.  The 
lower  part  of  the  rhomboideus  major  is  superficial  in  the  triangle  of  auscultation. 
The  muscles  cover  the  serratus  posticus  superior  and  the  vertebral  aponeurosis. 

THE  FASCIA  AND  MUSCLES  OF  THE  PECTOEAL  EEGION. 

FASCIAE. 

The  fasciae  and  muscles  of  the  chest  occupy  the  space  below  the  clavicle,  between 
the  sternum  and  the  humerus,  and  form  at  the  same  time  the  anterior  boundary 
of  the  axilla. 

The  superficial  fascia  of  the  chest  usually  contains  a  quantity  of  fat,  in  which 
the  mamma  is  embedded.    The  platysma  myoides  muscle  lies  beneath  its  upper  part. 

The  deep  fascia  is  attached  above  to  the  clavicle,  and  internally  to  the 
sternum.  Below  it  is  continuous  with  the  fascia  of  the  abdominal  wall:  It  gives 
origin  to  the  platysma  myoides,  and  invests,  the  pectoralis  major.  At  the  outer 
border  of  the  great  pectoral  muscle  it  is  thickened,  and  forms  the  floor  of  the 
axillary  space  (axillary  fascia),  continued  posteriorly  on  to  the  posterior  fold  of  the 
axilla  (teres  major  and  latissimus  dorsi),  and  externally  into  connexion  with  the 
deep  fascia  of  the  arm. 

Costo-Coracoid  Membrane. — Beneath  the  pectoralis  major  a  deeper  stratum  of 
fascia  invests  the  pectoralis  minor  muscle.  At  the  upper  border  of  this  muscle  it 
forms  the  costo-coracoid  membrane,  which  passes  upwards  to  the  lower  border  of  the 
subclavius  muscle,  where  it  splits  into  two  layers,  attached  in  front  of  and  behind 
that  muscle  to  the  borders  of  the  under  surface  of  the  clavicle.  The  membrane 
traced  inwards  along  the  subclavius  muscle  is  attached  to  the  first  costal  cartilage ; 
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passing  outwards  along  the  iipper  border  of  the  pectoralis  minor,  it  reaches  the 
coracoid  process.  Tlie  part  of  the  membrane  extending  directly  between  the  first 
costal  cartilage  and  the  coracoid  process  is  thickened  and  forms  the  costo-coracoid 
ligament.  The  costo-coracoid  membrane  is  otherwise  thin  and  of  comparatively 
small  importance.  It  is  pierced  by  the  cephalic  vein,  thoracic  axis  artery,  and 
branches  of  the  external  anterior  thoracic  nerve.  By  its  deep  surface  it  is  connected 
to  tlie  sheath  of  the  axillary  vessels. 

At  the  lower  border  of  the  pectoralis  minor  there  is  a  further  extension  of  the 
deep  fascia  beneath  the  pectoralis  major.  It  passes  downwards  to  join  the  fascia 
forming  the  tioor  of  the  axilla,  and  is  continued  externally  iuto  the  fascia  covering 
the  biceps  and  coraco-brachialis  muscles. 

MUSCLES  OF  THE  PECTORAL  REGION. 

The  muscles  connecting  the  upper  limb  to  the  axial  skeleton  anteriorly  comprise 
the  pectoralis  major,  pectoralis  minor,  subclavius,  serratus  magnus,  and  sterno- 
cleido-mastoid  (the  last  descriljed  in  a  later  section). 

Tlie  pectoralis  major  is  a  large  fan-shaped  muscle  arising  in  tliree  parts : — (1) 
a  clavicular  portion  arising  from  the  front  of  the  clavicle  in  its  inner  half  or  two- 
thirds  ;  (2)  a  costo-sternal  portion,  the  largest  part  of  the  muscle,  arising  from  the 
anterior  surface  of  the  pre-sternum  and  meso-sternum  by  tendinous  fibres  decus- 
sating with  those  of  the  opposite  muscle  :  and  more  deeply  from  the  cartilages  of  the 
first  six  ribs ;  (3)  an  ahdominal  'portion,  a  small  and  separate  slip,  arising  from  the 
aponeurosis  of  the  obliquus  externus  muscle.  The  abdominal  slip,  at  first  separate, 
soon  merges  with  the  costo-sternal  portion,  but  a  distinct  interval  usually  remains 
between  the  two  first-named  parts  of  the  muscle.  The  fibres  converge  towards  the 
upper  part  of  the  arm,  and  are  inserted  into  (1)  the  outer  border  of  the  bicipit  il  groove 
of  the  humerus,  extending  upwards  to  the  great  tuberosity,  and  blending  externally 
with  the  insertion  of  the  deltoid,  internally  with  the  insertion  of  the  latissimus 
dorsi ;  (2)  from  the  upper  border  of  the  insertion  a  membranous  band  extends 
upwards  to  the  capsule  of  the  shoulder  joint,  enveloping  at  the  same  time  the 
tendon  of  the  biceps ;  and  (3)  from  the  lower  border  a  band  of  fascia  passes  down- 
wards to  join  the  fascia  of  the  arm. 

The  arrangement  of  the  fibres  of  the  muscle  at  its  insertion  is  peculiar.  The 
muscle  is  twisted  on  itself,  so  that  the  lower  (costo-sternal)  fibres  are  directed 
upwards  and  outwards  behind  the  upper  (clavicular)  part  of  the  muscle ;  in  conse- 
quence the  clavicular  part  is  attached  to  the  humerus  lower  down  than  the  costo- 
sternal  portion,  and  is  inserted  also  into  the  fascia  of  the  arm. 

Placed  superficially  in  the  chest,  the  pectoralis  major,  by  its  lower  or  outer 
border,  forms  the  anterior  fold  of  the  axilla.  Its  upper  border  is  separated  from  the 
edge  of  the  deltoid  muscle  by  an  interval  in  which  lie  the  cephalic  vein  and 
humeral  artery.  Its  deep  surface  is  in  relation  with  the  ribs  and  intercostal 
muscles,  the  costo-coracoid  membrane  and  the  structures  piercing  it,  the  pectoralis 
minor,  the  axillary  vessels,  and.  the  nerves  of  the  brachial  plexus. 

Sternalis  muscle. — The  stemalis  muscle  is  present  in  4-4  cases  out  of  100.  It  is  slightly 
more  frequent  in  the  male  than  in  the  female.  It  has  heen  regarded  by  different  observers  as  (1) 
a  vestige  of  the  panniculus  carnosus,  (2)  an  homologue  of  the  sterno-mastoid,  or  (3)  a  displaced  slij)  of 
the  pectoralis  major.  It  is  placed,  when  present,  parallel  to  the  sternum  upon  the  sterno-costal  origin 
of  the  pectoralis  major,  and  lias  attachments  which  are  very  variable,  above  and  l)elow,  to  the . 
costal  cartilages,  sternum,  rectus  .sheath,  sterno-mastoid,  and  j^ectoralis  major.  Its  nerve  supply- 
is  from  one  or  both  of  the  anterior  thoracic  nerves.  In  certain  rare  cases  it  has  been  said  to  be. 
innervated  by  intercostal  nerves. 

Chondro-epitrochlearls,  dorso-epitrochlearis,  axillary  arches,  costo-coracoideus. — One 
or  other  of  the  above-named  slips  is  occasionally  ])resent,  crossing  tlie  floor  of  the  axilla  in  the 
interval  between  the  latissimus  dorsi  and  the  jiectoralis  major.  They  take  origin  from  the  costal 
cartilages,  ribs,  or  borders  of  the  pectoralis  major  (chondro-epitrochlearis,  axillai-ij  arches,  costo- 
coracoideus),  or  from  the  border  of  the  latissimus  dorsi  {dorso-epitrochlearis,  axillary  arches,  costo- 
coracoideus).  Their  insertion  is  variable.  The  chondro-epitrochlearis  and  dorso-epitrochlearis  are 
inserted  into  the  fascia  (jf  the  arm  on  the  inner  side,  the  internal  intennuscular  sei)tum,  or  the 
internal  condyle  of  the  humerus.  The  axillary  arches  are  inserted  into  the  border  of  the  pectoralis 
major,  the  fascia  of  the  arm,  or  the  coraco-brachialis  or  biceps  muscle.  The  costo-coracoid  ens, 
arising  from  the  ribs  or  the  ajioneurosis  of  the  obliquus  externus,  or  detaching  itself  from  the 
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border  of  the  pectoralis  major  or  latissinius  dorsi,  is  attached  to  tlie  coracoid  process,  alone  or 
alono-  witli  one  of  the  muscles  attached  to  that  bone.  These  variable  slips  of  muscle  are  supplied 
])y  th.e  internal  anterior  thoracic  nerve,  the  lesser  internal  cutaneous  nerve,  or  the  ihtercosto- 
humeral.  \ 

The  pectoralis  minor  is  a  narrow,  flat,  triangular  muscle.  It  arises  from  (1) 
the  third,  fourth,  and  fifth  ribs  near  their  anterior  ends,  and  (2)  from  the  fascia 


Fig.  232. — Anterior  Mdscles  of  the  Trunk. 


covering  the  third  and  fourth  intercostal  spaces  between  these  ribs.  Directed 
obliquely  outwards  and  upwards,  it  is  inserted  into  the  front  of  the  extremity  of  the 
coracoid  process,  and  usually  also  into  the  conjoint  origin  of  the  biceps  and  coraco- 
brachialis.  It  is  wholly  concealed  by  the  pectoralis  major,  except  when  the  arm  is 
raised,  when  the  outer  border  of  the  muscle  becomes  superficial.  It  enters  into 
the  formation  of  the  front  wall  of  the  axilla,  and  gives  attachment  along  its  upper 
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border  to  the  costo-coracoid  membrane.  It  crosses  the  axillary  vessels  and  the 
cords  of  the  brachial  plexus,  and  is  pierced  by  branches  of  the  anterior  thoracic 
nerves. 

Either  in  ])art  or  wholly  the  pectoralis  minor  may  pass  over  the  coracoid  ^^rocess  of  the 
scapula,  separated  from  it  by  a  ljursa,  to  be  inserted  into  the  coraco-acromial  ligament,  or  the 
acromion  process ;  or  jiiercing  the  coraco-acromial  ligament,  it  may  be  attached  to  the  capsule  of 
the  shoulder  joint  (coraco-liumeral  ligament). 

Pectoralis  minimus. — This  is  a  slender  slip,  rarely  jiresent,  -u  hich  extends  between  the  first 
costal  cartilage  and  tlie  coracoid  process. 

The  subclavius  muscle  arises  from  the  upper  surface  of  the  first  costal 
cartilage  in  front  of  the  costo-clavicular  ligament.  It  is  inserted  into  a  groove  in 
the  middle  third  of  the  under  surface  of  the  clavicle.  The  muscle  is  invested  by 
the  fascia  which  forms  the  costo-coracoid  membrane,  and  is  concealed  by  the 
clavicle  and  the  clavicular  origin  of  the  pectoralis  major. 

The  sterno-clavicularis  is  a  small  separate  slip,  rarely  present,  extending  beneath  the 
pectoralis  major  from  the  upper  j^art  of  the  sternum  to  the  clavicle. 

The  serratus  magnus  (m.  serratus  anterior)  is  a  large  curved  quadrilateral 
muscle  occupying  the  side  of  the  chest  and  inner  wall  of  the  axilla.    It  arises  hj 

fleshy  slips  from  the  external  aspect  of  the 
upper  eight  ribs.  The  first  slip  is  a  double 
one,  arising  from  the  first  two  ribs  and 
the  fascia  covering  the  intervening  space. 
The  insertion  of  the  muscle  is  threefold. 

(1)  The  first  portion  of  the  muscle  (from 
the  first  and  second  ribs)  is  directed  back- 
wards to  be  inserted  into  the  ventral 
aspect  of  the  upper  angle  of  the  scapula. 

(2)  The  next  three  slips  of  the  muscle 
(from  the  second,  third,  and  fourth  ribs) 
are  inserted  into  the  vertebral  border  of 
the  scapula.  (3)  The  last  four  slips  (from 
the  fifth,  sixth,  seventh,  and  eighth  ribs) 
are  directed  obliquely  upwards  and  Imck- 
wards,  to  be  inserted  on  the  ventral  aspect 
of  the  lower  angle  of  the  scapula.  The 
external  surface  of  the  muscle  is  partly 
superficial  below  the  axilla,  on  the  side 
wall  of  the  chest,  where  its  shps  of  origin 
are  seen  inter-digitating  with  those  of  the 
obhquus  externus  abdominis.  Higher  up 
it  forms  the  inner  \vall  of  the  axilla,  and 
is  in  contact  with  the  pectoral  muscles  in 
front  and  the  subscapularis  behind.  Its 
upper  border  appears  in  the  floor  of  the 
posterior  triangle,  and  over  it  the  axillary 
artery  and  the  cords  of  the  brachial  plexus 

pass  to  reach  the  armpit.  The  lower  border  is  oblique,  and  is  in  contact  with  the 
latissimus  dorsi  muscle.  The  deep  surface  of  the  muscle  is  in  contact  with  the 
chest  wall,  so  that  the  serratus  magnus  along  with  the  subscapularis  nmscle 
separates  the  scapula  from  the  ribs.  The  muscle  may  extend  higher  than  usual, 
so  as  to  be  continuous  with  the  levator  anguli  scapulae. 


Fig.  233. — The  Serratus  Magnus  Muscle. 
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The  nerves  su^jplying 
following  table  : — ■ 


iscles 


Nerve  Supply. 

coniaecting  the  upper  linih  to  the  trunk  are  given  in  the 


Muscles. 


Trapezius 

Latissimus  dorsi 

Levator  scapulae 

Rhomboidei 

Pectorales 

Subclavius 
Serxatus  magniis 


Nerves. 


/  Spinal  accessory  nerve 
\  Cervical  jjlexus 

Long  subscajjular 
f  Cervical  ^ilexus 
\  Posterior  scapular 

Posterior  scapular 
/  External  anterior  tlioracic 
\  Internal       „  „ 

Brachial  plexus 

Posterior  thoracic 


Origin. 


Spinal  Cord 

C.  3.  4. 

C.  (6.)  7.  8. 

C.  3.  4. 

C.  5. 

C.  5. 

C.  5.  6.  7. 

C.  8.  T.  1. 

C.  5.  6. 

C.  5.  6.  7. 


Actions. 

The  muscles  of  this  group  (together  with  the  sterno.-cleido-mastoid  and  omohyoid  muscles)  act 
for  the  most  part  in  the  movements  of  the  slioulder  girdle  at  the  sterno-clavicular  and  acromio- 
clavicular joints.  At  the  former  joint  they  produce  the  various  movements  of  tlie  clavicle  on  the 
sternum,  and  cause  the  shoulder  to  move  in  a  radius  the  centre  of  which  is  the  sterno-clavicular 
joint.  At  the  latter  articulation  they  produce  a  rotation  of  the  scapula  on  tlie  clavicle,  and  a 
consequent  alteration  in  the  direction  of  the  glenoid  fossa.  At  the  same  time  the  several  muscles 
are  agents  in  other  equally  important  movements,  when  the  shoulder  girdle  is  fixed  ;  movements 
of  the  head  and  neck  ;  movements  of  the  trunk  and  libs  ;  and,  in  the  case  of  the  pectoralis  major 
and  latissimus  dorsi,  important  movements  of  the  arm  at  the  shoulder  joint. 

1.  Movements  of  the  Shoulder  Girdle. — -The  action  of  this  group  of  muscles  on  the  shoulder 
girdle  (mainly  corresponding  to  movements  at  the  sterno-clavicular  joint)  may  be  expressed  in 
the  following  table  : — 


a.  Movement  in  a  Vertical  Plane. 

b.  Movement  in  a  Horizontal  Plane. 

Elevation. 

Depression. 

Forwards. 

Backwards. 

Trapezius  (upper 

fibres) 
Levator  scapulte 
Rhomboidei 
Sterno-mastoid 
Omohyoid 

Trapezius  (lower 

fibres) 
Subclavius 
Pectoralis  minor 
Latissimus  dorsi 
Pectoralis  major 

(lower  fibres) 

■ 

Serratiis  magnus 
Pectoralis  major 
Pectoralis  minor 

Trapezius 
Rhomboidei 
Latissimus  dorsi 

c.  Rotation — a  combination  of  these 
muscles. 

2.  Movements  of  the  scapula  on  the  clavicle  produce  an  alteration  of  the  direction  of  the 
glenoid  fossa  of  the  scapula,  and  are  accompanied  hj  movements,  inwards  and  outwards,  forwards 
and  backwards,  of  the  inferior  angle  of  the  scapula.  By  the  combined  action  of  the  muscles 
acting  u2)on  the  shoulder  girdle  a  rotatory  movement  of  the  scapula  at  the  acromio-clavicular 
joint  is  effected,  Ijy  wdiich  the  relation  of  the  glenoid  fossa  to  the  head  of  the  humerus  is  p)reserved 
in  movements  of  the  arm. 

3.  In  forced  inspiration,  the  sterno-mastoid,  trapezius,  levator  scapuhe,  rhomboidei,  sub- 
clavius, omohyoid,  serratus  magnus,  pectoral  muscles,  and  latissimus  dorsi,  acting  together,  raise 
and  fix  the  shoulder  girdle ;  while  those  of  them  which  have  costal  attachments — subclavius, 
pectoral  muscles,  serratus  magnus,  and  latissimus  dorsi,  simultaneously  elevate  the  ribs  and 
expand  the  thorax. 

4.  Lateral  flexion  and  rotation  of  the  spine  in  the  neck  is  eflFected  partly  by  the  action  of 
the  trajjezius,  levator  scajnihe,  and  rhomboid  muscles  (with  the  shoulder  fixed).  The  latissimus 
dorsi  and  pectoralis  major  act  in  climbing  in  a  similar  way,  raising  up  the  trunk  towards  the 
shoulder. 

5.  Action  on  the  Upper  Limb. — By  reason  of  their  insertion  into  the  humerus  the  pectoralis 
major  and  latissimus  dorsi  muscles  assist  the  movements  of  the  upper  limb.  Acting  together,  the 
two  muscles  depress  the  shoulder,  and  draw  the  arm  to  the  side  of  the  body,  at  tlie  same  time 
rotating  the  humerus  inwards.  The  two  parts  of  the  pectoralis  major  have  slightly  dift'erent 
actions  on  tlie  humerus.  The  clavicular  part  of  the  muscle  (portio  attoUens)  draws  the  arm  in- 
wards and  upwards ;  the  costo-sternal  part  of  the  muscle  (portio  deprimens)  draws  it  inwards  and 
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downwards.  The  latissiiniis  dorsi  acting  alone,  besides  rotating  tlie  liinl),  draws  it  inwards  and 
baclcwards,  as  in  the  act  of  swimming. 


FASCIA  AND  MUSCLES  OF  THE  SHOULDER. 

The  deep  fascia  covering  the  scapular  muscles  presents  no  feature  of  special 
importance.    Attached  to  the  clavicle,  acromion,  and  scapular  spine,  it  is  thin  over 


Levator  anouli  scapul/E. 


Trapezius- 


SUPRASPINATUS 

Scaimlar  s]iine  (cut) 

Infraspinatus 
—  i eres  minor 


"■>a     III  fj 
Dorsal  scapular  j 
artery  (brancli  of)' 


LaTISSIMUS  DORSI 


Nerve  to  teres  minor 
Circumflex  nerve  ai^il 
artery 

Deltoid  (reflected) 
Cutaneous  branch 

f  circumflex 
Triceps  (outer 
liead) 

i  RicEPS  (long  head) 

Miisculo-spiral  nerve 


Triceps  (outer  head) 
Brachialis  anticus 

Triceps  (inner  head) 
External  intermuscular 
sei)tuni 

I  External  cutaneous  branches 
/  of  musculo-spii'al  nerve 


Flexor 
carpi- 

ULNARIS 


Brachio-radialis 


Extensor  carpi  radialis 

LONG I OR 


Anconeus 

Extensor  muscles  of  fore- 
arm (common  tendon) 


the  deltoid  muscle.  Below  the 
deltoid  it  is  thicker ;  it  gives 
origin  to  the  infraspinatus 
muscle,  and  is  continuous  with 
the  fascise  of  the  axilla  and  the 
back. 

Tlie  muscles  proper  to  the 
shoulder  comprise  the  deltoid, 
supraspinatus,  infraspina- 
tus, teres  minor,  teres  major,  and 
subscapularis.  They  surround, 
and  along  with  other  muscles, 
act  on  the  shoulder  joint. 

The  deltoid,  a  coarsely  fas- 
ciculated, multipennate  muscle,  has  an  extensive  origin  from  (1)  the  front  of 
the  clavicle  in  its  outei'  third ;  (2)  the  outer  boi'der  of  the  acromion  process  ; 
and  (3)  the  lower  border  of  the  spine  of  the  scapula.  Its  origin  embraces 
the  insertion  of  the  trapezius.  The  fibres  of  the  muscle  converge  to  the  outer 
side  of  the  shaft  of  the  humerus,  to  be  inserted  into  a  well-marked  V-shaped 
impression  above  the  spiral  groove.  The  insertion  is  partly  united  with  the 
tendon  of  the  pectoralis  major.  The  deltoid  is  superficial  in  its  whole  extent, 
and  forms  the  prominence  of  the  shoulder.  Its  anterior  border  is  separated  from 
the  pectoralis  major  by  a  narrow  interval,  in  which  the  cephalic  vein  and  humeral 


Fia.  234. — Deltoid  Region  and  Back  of  the  Ahm. 
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artery  are  placed.  The  deep  surface  of  the  muscle  is  separated  hy  a  bursa  from 
the  capsule  of  the  shoulder  joint.  It  is  in  contact  with  the  coracoid  j^roccss,  the 
coraco- acromial  ligament,  and  the  attachments!  of  the  pectoralis  minor  and  the 


Tkapeziu; 
Clavicle  (cnt\ 


   '■iupraseapular  nerve 


Coraco-clavieular  liganienti 
Pectoralis  minor 
Coracoid  process-^ 
Coraco-acroiiiial  liKaiiieiiWJ!/,^ 

Circumflex  artery 
Gircumfli 


Deltoid  ■ 
IjOno  head 

or  BICEPS 


.Pectoralis  major 

Coraco-  *eS: 
brachialis  ' 


Posterior  cord  of  brachial 
plexus 

Short  subscapular  nerve 
Long  subscapular  nerve 
Lower  subscapular  nerve 


Biceps \ 


f  Short  hearts 
I  LoiiH  liead- 


Latissimus  dorsi 


lernal 
cutaneous  branch 


Mnsculo-cutaneous 
nerve~ 


Brachialis  anticus- 


Musculo-spiral  nerve 


Brachio-radialis. 
Biceps  (cut) 

Extensor  carpi 
radialis  longior 

Posterior  interosseous 
nerve" 
Radial  nerve- 

Slpinator  radii  brevis- 


of  musculo-spiral 
nerve 


Triceps  (long  head) 

Nerve  to  inner  head  of 
criceps  (ulnar  colliiteial) 


coraco-brachialis  and  short  head  of 
the  biceps :  with  the  capsule  of 
the  shoulder  Joint:  with  the  head 
of  the  hmnerus,  the  long  head  of  the 
biceps  and  the  attachments  of  the 
subscapularis,  supraspinatus,  infra- 
spinatus, and  teres  minor :  and 
with  the  upper  part  of  the  shaft  of 
the  humerus  and  the  circumflex 
vessels  and  nerve.  The  most  an- 
terior part  of  the  miiscle  is  formed 
of  parallel  fibres,  not  uncommonly 
separate  from  the  rest  of  the  muscle 
at  their  origin  from  the  clavicle. 
These  fibres  may  be  continuous 
with  the  trapezius  over  the  clavicle. 
The  most  posterior  part  arises  by 
a  fascial  origin  from  the  spine  of 
the  scapula  and  the  fascia  over  the 
infraspinatus  muscle.  These  por- 
tions are  attached  respectively  to 
the  front  and  back  of  the  main 
tendon  of  insertion.  The  inter- 
mediate fibres  are  multipennate, 
attached  above  and  below  to  three 
or  four  septal  tendons,  which  extend  for  a  variable  distance  from  the  origin  and 
insertion  of  the  muscle. 

The  supraspinatus  arises  from  the  supraspinous  fossa  and  the  deep  fascia 
over  it.  It  is  directed  outwards  under  the  acromion  process  and  coraco- 
acromial  ligament,  to  be  inserted  by  a  broad  thick  tendon  into  the  uppermost 


Origin  of 
flexor 

HCSCLES  of 

forearm 

1'  LEXOR 

.:'rofundus 
digitorum 


Fig.  235. — The  Posteuioe  Wall  op  the  Axilla  and  thh; 
Front  of  the  Arm '(the  biceps  beiiig  divided). 
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facet  on  the  great  tuberosity  of  the  humerus,  and  into  the  capsule  of  the  shoulder 
joint. 

The  muscle  is  entirely  concealed  from  view  by  the  trapezius,  the  acromion 
process,  and  the  deltoid  muscle.-  It  covers  the  neck  of  the  scapula,  the  supra- 
scapular vessels  and  nerves,  and  the  upper  surface  of  the  capsule  of  the  shoulder 
joint. 

The  infraspinatus  arises  from  the  infraspinous  fossa  of  the  scapula  (excepting  a 
flat  surface  along  the  axillary  border)  and  from  the  thick  fascia  over  it.  The  fibres 
of  the  muscle  converge  to  the  neck  of  the  humerus,  separated  from  it  by  a  bursa, 
and  are  inserted  by  tendon  into  the  middle  facet  on  the  great  tuberosity,  and  into 
the  capsule  of  the  shoulder  joint. 

The  lower  part  of  the  muscle  is  superficial.  The  upper  part  is  hidden  from 
view  by  the  deltoid.  Along  its  lower  border  is  the  teres  minor.  Near  its 
insertion  it  crosses  the  neck  of  the  scapulgl  and  the  back  of  the  capsule  of  the 
shoulder  joint. 

The  teres  minor  is  a  small  muscle,  arising  from  the  upper  two-thirds  of  the 
flat  surface  on  the  dorsal  aspect  of  the  axillary  border  of  the  scapula.  Lying 
alongside  the  outer  border  of  the  infraspinatus,  it  is  inserted  under  cover  of  the 
deltoid  into  the  lowest  of  the  three  facets  on  the  great  tuberosity  of  the  humerus, 
and  into  the  capsule  of  the  shoulder  joint.  It  is  separated  from  the  teres  major 
by  the  scapular  head  of  the  triceps,  and  by  the  posterior  circumflex  vessels  and 
circumflex  nerve.  Its  origin  is  pierced  by  the  dorsal  scapular  artery.  The  muscle 
is  invested  by  the  deep  fascia  enclosing  the  infraspinatus,  and  is  sometimes  in- 
separable from  that  muscle. 

The  teres  major  is  much  larger  than  the  preceding  muscle.  It  arises  from 
the  lower  third  of  the  flat  surface  on  the  dorsum  of  the  scapula  along  its  axillary 
border,  except  for  a  small  area  at  the  lower  angle.  The  muscle  is  directed  along 
the  axillary  border  of  the  scapula  to  the  front  of  the  shaft  of  the  humerus,  where 
it  is  inserted  into  the  inner  border  of  the  bicipital  groove.  It  is  closely  adherent 
just  before  its  insertion  to  the  tendon  of  the  latissimus  dorsi  muscle. 

The  teres  major  is  in  close  relation  with  the  latissimus  dorsi  muscle,  which 
conceals  its  origin  posteriorly,  winds  round  its  outer  border,  and  partially  separates 
its  anterior  surface  from  the  axillary  vessels  and  nerves.  The  inner  or  upper 
border  of  the  muscle  is  separated  from  the  subscapularis  and  teres  minor  muscles 
by  a  quadrilateral  interval  containing  the  posterior  circumflex  vessels  and  the 
circumflex  nerve,  and  by  a  triangular  interval  containing  the  dorsal  scapular  artery. 
The  long  head  of  the  triceps  passes  behind  the  teres  major,  and  forms  the  boundary 
between  these  two  spaces. 

The  subscapularis  is  a  large  triangular  muscle  occupying  the  venter  of  the 
scapula.  It  arises  from  the  whole  of  the  subscapular  fossa,  except  at  the  angles  of  the 
bone.  Springing  from  several  ridges  in  the  fossa  are  septa  projecting  into  the  sub- 
stance of  the  muscle,  which  increase  the  extent  of  its  attachment.  Converging  to 
the  head  of  the  humerus,  the  muscular  fibres  are  inserted  by  tendon  into  the  lesser 
tuberosity  and  into  the  capsule  of  the  shoulder  joint,  under  cover  of  the  coraco- 
brachialis  and  short  head  of  the  biceps.  This  muscle  forms  the  greater  part  of  the 
posterior  wall  of  the  axilla.  Its  inner  or  anterior  surface  is  in  contact  with  the 
serratus  magnus  and  the  axillary  vessels  and  nerves.  Its  deep  surface  is  separated 
from  the  neck  of  the  scapula  by  a  bursa.  Its  upper  border  passes  beneath  the 
coracoid  process ;  its  outer  border  is  separated  from  the  teres  major  by  the  circum- 
flex vessels  and  nerve,  the  triceps  muscle,  and  the  dorsal  scapular  artery. 

The  subscapularis  minor  is  an  occasional  muscle  situated  below  the  capsule  of  the  shonlder 
joint.  It  arises  from  the  axillary  border  of  the  scapula  beneath  the  svibscapularis,  and  is  inserted 
into  the  capsule  of  the  joint  or  the  njiper  part  of  the  shaft  of  the  humerus. 

Nerve  Supply. 

The  muscles  of  this  groiLp  are  all  supplied  by  the  fifth  and  sixth  cervical  nerves,  through  the 
posterior  cords  of  the  brachial  plexus. 
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Muscles. 

Nerves,  i 

Origin. 

Deltoid  "i 
Teres  minor  J 
Supraspinatus  1 
Infraspinatus  J 
Teres  major 
Subscapularis 

Circumflex 

Suprascapular 

Lower  subscapular 

Lower  and  upper  subscapular 

•  C.  5.  6. 

Actions.  '  . 

The  principal  action  of  this  group  of  muscles  is  on  the  shoulder  joint.  They  have'^  also 
secondary  actions  in  relation  to  movements  of  the  trunk  and  limbs.  <  ■ 


1.  Movements  at  the  Shoulder  Joint. 


a.  Abduction. 

Adduction. 

b.  Flexion  (Forwards). 

Extension  (Backwards). 

■  Deltoid 
Supraspinatus 

Teres  major 
Teres  minor 
Pectoralis  major 
Latissimus  dorsi 
Coraco-brachialis 
Biceps  (short  head) 
Triceps  (long  head) 
(Weight  of  limb) 

Deltoid  (anterior  fibres) 
Subscapularis 
Pectoralis  major 
Coraco-brachialis 
Biceps 

Deltoid  (posterior  fibres) 
Teres  major 
Infraspinatus 
Latissimus  dorsi 
Triceps 

c.  Botation  Outwards. 

Botation  Inwards. 

Deltoid  (posterior  fibres) 

Infraspinatus 

Teres  minor 

Deltoid  (anterior  fibres) 
Teres  major 
Pectoralis  major 
Latissimus  dorsi 

d-  Circumduction — combination  of  previous  muscles. 

The  various  movements  at  the  shoulder  joint  are  greatly  aided  by  the  muscles  acting  on  the 
shoulder  girdle.  In  raising  the  arm  above  the  head,  for  instance,  the  humerus  is  brought  to  the 
horizontal  position  by  the  deltoid  and  supraspinatus,  and  the  movement  is  continued  by  the 
elevators  of  the  shoulder  girdle.  Again,  in  forward  and  backward  movements  at  the  shoulder 
joint,  great  assistance  is  derived  from  muscles  acting  directly  on  the  shoulder  girdle — pectoralis 
minor  and  serratus  magnus  ;  trapezius  and  rhomboidei. 

2.  In  relation  to  the  trunk  and  limbs,  the  shoulder  muscles,  by  fixing  the  humerus,  have 
auxiliary  power  on  the  one  hand  in  movements  of  the  trunk,  such  as  forced  inspiration ;  on  the 
other  hand,  acting  along  with  muscles  fixing  the  elbow  joint,  they  stiffen  the  limb  so  as  to 
permit  of  the  more  refined  movements  of  the  wrist  and  fingers. 

FASCIA  AND  MUSCLES  OF  THE  AEM. 
FASCIJi;. 

The  superficial  fascia  presents  no  features  of  importance.  There  is  a  bursa 
beneath  it  over  the  olecranon  process;  and  occasionally  another  over  the  inner 
condyle  of  the  humerus. 

The  deep  fascia  forms  a  strong  tubular  investment  for  the  muscles  on  the  front 
and  back  of  the  humerus.  It  is  continuous  above  with  the  deep  fascia  of  the 
shoulder  and  axilla,  and  is  further  strengthened  by  fibres  derived  from  the  inser- 
tions of  muscles  attached  to  the  upper  part  of  the  humerus.  At  the  elbow  it 
becomes  continuous  with  the  deep  fascia  of  the  forearm,  and  gains  attachment  to 
the  condyles  of  the  humerus  and  the  olecranon  process  of  the  ulna  ;  it  is  strength- 
ened also  by  important  bands  associated  with  the  insertions  of  the  biceps  in  front 
and  the  triceps  behind. 
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The  intermuscular  septa  are  processes  of  the  deep  fascia  attached  to  the 
supracondyloid  or  epicoudylic  ridges  of  the  humerus.    The  internal  and  stronger 

septum  is  placed  between 
the  brachialis  anticus  in 
front  and  the  inner  head 
of  the  triceps  behind,  and 
gives  origin  to  both.  It 
extends   upwards   to  the 


In.skbtion  of 
pectoralis 

MAJOR 

coraco-brachialis  \\^\ 
Short  head  of  biceps 
Long  head  of  biceps 


Brachialis  anticus 


PS  (iniifir  liead) 


Musculo-cutaiieous  uerx'e 


Musoulo-spiral  nerve  —i 


Urachio-radialib 


E.XTENSOR  carpi  RADIALIS 
LONOlOB 


Radial  artery  (cut) 


E.XTENSOR  OSSIS 
METAOARPI  POLUCIS 

Radial  artery  (cut)-  - 
Anterior  annula 


Insertion  of 
pectoralis 

MINOR 

Deltoid 


■,_  Axillary  arttry 


\       Musculo-  .         ,  ■  p  l_^ 

— cutaneous  nerve  insertion   01    the  coraco 


 1  Median  nerve 

(outer  liead) 
Median  nerve 
(inner  head) 

Ulnar  nerve 


brachialis  (which  is  often 
continuous  with  it).  The 
external  septum  is  thinner 
and  of  less  extent.  It 
separates  the  brachialis 
anticus  and  brachio-radialis 
in  front  from  the  inner 
and  outer  heads  of  the 
triceps  behind,  and  gives 
origin  to  these  muscles. 
It  extends  upwards  to  the 
insertion  of  the  deltoid, 
and  is  pierced  by  the 
musculo -spiral  nerve  and 
superior  profunda  artery. 

MUSCLES. 

The  coraco -brachialis 

is  a  rudimentary  muscle 
placed  on  the  front  and 
inner  aspect  of  the  arm. 
It  arises  in  common  with 
the  short  head  of  the  biceps 
from  the  tip  of  the  coracoid 
process  of  the  scapula,  and 
is  commonly  connected  at 
its  origin  with  the  insertion 
of  the  pectoralis  minor.  The 
muscle  is  partially  sub- 
divided into  two  parts  by 
the  musculo-cutaneous 
nerve,  and  ends  in  a  tendon 
inserted  into  a  faint  linear 
impression  about  an  inch 
in  length  on  the  middle  of 
the  inner  border  of  the 
humerus. 

The  muscle  lies  on  the 
inner  side  of  the  biceps, 
and  is  concealed  at  first  by 
the  deltoid  and  pectoralis 
major.  In  the  lower  part 
of  its  extent  it  is  super- 
ficial, and  forms  a  swelling 
beneath  the  skin  on  the 
inner  side  of  the  arm  which  serves  as  a  guide  to  the  axillary  and  brachial  arteries. 

The  coraco-brachialis  is  the  remains  of  a  threefold  m  uscle,  of  whicli  only  two  elements  are 
usually  jjresent  in  man,  but  of  which  in  anomalous  cases  all  the  2>arts  may  be  more  or  less  fully 
develoi^ed.    The  passage  of  the  iiiusculo-cutaneous  nerve  througli  the  muscle  is  an  indication  of 


— Semilunar  fascia  of  biceps 
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Deep  fascia  of  forearm 

-Flexor  carpi  radialis 
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Fig.  236. — Superficial  Musclks  on  the  Fkont  op  the  Arm 
AND  Forearm. 
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its  natural  separation  into  two  parts,  which  represent  the  persistent  middle  and  inferior^elements. 
The  couuiionest  variety  is  one  in  which  the  more  superficial  (inferior)  part  of  the  muscle  extends 
further  down  the  arm  than  usual,  so  as  to  he  in- 
serted into  the  internal  intermuscular  septum,  ,  ,|  j  ^  |  S / ^iij/MH/j^f /■  Trapezhis 

or  even  into   the   internal  condyle  of  the  '  ' 

humerus.  A  third  slip  (coraco-brachialis 
superior  or  brevis,  rotator  humeri)  may  more 

rarely  he  present,  forming  a  sliort  muscle  aris-  ,  '  '^-<^/i/f/M/f/W         \  C 

ing  from  the  root  of  tlie  coracoid  process,  and 
inserted  into  the  inner  side  of  the  humerus 
just  below  the  capsule  of  tlie  shoulder  joint.        Jf/,  / 


''4 
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'Infraspinatus 


Teres  major 


-Latissimus 

DORSI 
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"Brachialis  anticus 


Triceps 


-  External  intermuscular  septum 


—  Brachio-radialis 


-Ulnar  nerve 


Extensor  carpi  radialis 

LONGIOR 


Extensor  carpi  radialis 

EREVIOR 


The  biceps  (m.  biceps  brachii)  is  the 
large  superficial  muscle  which  lies  on 
the  front  of  the  upper  arra.  It  arises 
by  two  heads.  (1)  The  sliort  head  (caput 
breve)  is  attached  in  common  with  the 
coraco-brachialis  to  the  tip  of  the  cora- 
coid process  of  the  scapula.  .  This  head 
forms  a  separate  fleshy  belly,  which  is 
united  to  the  long  head  by  an  invest- 
ment of  the  deep  fascia.  (2)  The  long 
head  (caput  longum)  arises  by  a  round 
tendon  from  the  supra-glenoid  impres- 
sion at  the  root  of  the  coracoid  process 
and  from  the  glenoid  ligament  on  either 
side.  Its  tendon  traverses  the  cavity  of 
the  shoulder  joint,  and  emerging  from 
the  capsule  (invested  by  a  prolongation 
of  the  synovial  membrane),  it  occupies 
the  bicipital  groove  of  the  humerus, 
covered  by  a  fascial  prolongation  of  the 
tendon  of  the  pectoralis  major.  In  the 
upper  arm  it  forms  a  fleshy  belly  united 
to  that  derived  from  the  short  head  by 
an  envelope  of  deep  fascia. 

The  insertion  of  the  muscle  is  like- 
.wise  twofold.  (1)  The  two  bellies  be- 
come connected  with  a  strong  tendon, 
attached  deeply  in  the  hollow  of  the 
elbow  to  the  rough  posterior  portion  of 
the  bicipital  tubercle  of  the  radius.  A 
bursa  separates  the  tendon  from  the 
anterior  portion  of  the  tubercle.  (2) 
From  the  inner  and  anterior  part  of 
the  tendon,  and  partly  in  continuity 
with  the  fleshy  fibres  of  the  muscle,  a 
strong  membranous  hand  (the  semilunar 
or  bicipital  fascia)  extends  downwards 
and  inwards  over  the  hollow  of  the  elbow 
to  join  the  deep  fascia  covering  the 
origins  of  the  flexor  and  pronator  muscles 
of  the  forearm. 

Except  at  its  origin  and  insertion 
the  biceps  muscle  is  placed  superficially 
on  the  front  of  the  arm,  concealing  the 
brachialis  anticus  and  musculo-cutaneous 
nerve.  The  brachial  artery  and  median 
nerve  lie  along  its  inner  border.  The  origin  of  the  muscle  is  deeply  placed  under 
cover  of  the  deltoid  and  pectoralis  major.  The  tendon  of  insertion  in  the  hollow  of 
the  elbow  lies  beneath  the  end  of  the  brachial  and  the  beginning  of  the  radial  artery. 


Deep  fascia  of  forearm 


Extensor  communis  dioitorcm 


Extensor  carpi  ulnaris 


Extensor  ossis  mktacarpi 
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Fig.  237. — The  Muscles  on  the  Back  of  the 
Arm,  Pohearm,  and  Hand. 
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The  biceps  is  an  extremely  variable  muscle.  Its  chief  anomalies  are  clue  to  an  increase  or 
diminution  in  the  number  of  origins.  A  third  head  of  origin  is  common  (10  per  cent),  and 
usually  arises  from  the  humerus,  between  the  insertions  of  the  deltoid  and  coraco -brachial is. 
Two  or  even  three  additional  heads  may  be  present  at  the  same  time.  The  long  head  of  the 
muscle  may  be  absent,  or  may  take  origin  from  the  bicipital  groove.  The  muscle  may  have  an 
additional  insertion  into  the  internal  condyle  of  the  humerus,  or  into  the  fascia  of  the  forearm. 

The  brachialis  anticus  (m.  brachialis)  is  a  large  muscle  arising  from  the 
lower  two-thii'ds  of  the  front  of  the  humerus,  and  from  the  intermuscular  septum 
on  each  side.  Extending  from  the  insertion  of  the  deltoid  above,  it  ends  below  in 
a  strong  tendon  inserted  into  the  rough  inferior  surface  of  the  coronoid  process  of 
the  ulna.  The  outer  part  of  the  muscle  arising  from  the  external  epicondylic 
ridge  and  external  intermuscular  septum  forms  a  slip  more  or  less  separate,  which 
may  be  partially  fused  with  the  brachio-radialis  muscle. 

The  brachialis  anticus  is  almost  wholly  concealed  from  view  by  the  biceps  in 
front,  the  brachio-radialis  externally,  and  the  brachial  vessels  internally.  It  covers 
the  elbow  joint,  and  forms  part  of  the  floor  of  the  hollow  of  the  elbow. 

The  triceps  (m.  triceps  brachii)  is  the  only  muscle  on  the  back  of  the  arm. 
It  arises  by  three  heads,  an  outer  and  an  inner  head,  from  the  humerus,  and  a 
middle  or  long  head  from  the  scapula.  (1)  The  middle,  long  or  scapular  head  (caput 
longum)  begins  as  a  strong  tendon  attached  to  the  axillary  border  of  the  scapula 
jast  below  the  glenoid  fossa.  This  gives  rise  to  a  fleshy  belly  wliich  occupies  the 
middle  of  the  back  of  the  arm.  (2)  The  outer  head  (caput  laterale)  is  attached 
to  the  outer  border  of  the  humerus  from  the  insertion  of  the  teres  minor  to  the 
musculo-spiral  groove,  and  to  the  back  of  the  external  intermuscular  septum.  Its 
fibres  are  directed  downwards  and  inwards  over  the  musculo-spiral  groove  and 
the  inner  head  of  the  muscle  to  the  tendon  of  insertion.  (3)  The  inner  head  (caput 
mediale)  arises  by  fleshy  fibres  from  a  triangular  area  on  the  back  of  the  humerus, 
extending  upwards  to  the  insertion  of  the  teres  major  and  downwards  to  the 
margin  of  the  olecranon  fossa.  It  also  arises  on  each  side  from  the  intermuscular 
septa. 

The  three  heads  of  origin  are  inserted  by  a  common  tendon,  broad  and  mem- 
branous, into  the  upper  end  of  the  olecranon  process,  and  into  the  deep  fascia  of 
the  forearm  on  either  side  of  it.  The  long  and  outer  heads  join  the  borders  of  the 
tendon  of  insertion,  and  the  inner  head  is  attached  to  its  deep  surface. 

The  long  head  of  the  triceps  is  concealed  at  first  by  the  teres  major  and  minor, 
and  by  the  deltoid  muscle.  Along  with  the  outer  head  it  conceals  the  musculS- 
spiral  nerve  and  superior  profunda  artery,  and  covers  the  inner  head  of  the  muscle. 
The  inner  is  the  deep  head,  and  is  only  visible  at  the  lateral  borders  of  the  muscle. 

The  sub-anconeus  is  a  small  muscle  occasionally  present,  which  consists  of  scattered  fibres 
arising  from  the  lower  end  of  the  humerus  beneath  the  triceps,  and  inserted  into  the  posterior 
ligament  of  the  elbow  joint. 

Nerve  Supply. 
The  following  nerves  supply  the  muscles  of  the  arm  : — 


Muscles. 

Nerves. 

Origin. 

Coraco-brachialis  \ 

Biceps                 I  . 

Brachialis  anticusj 

Brachialis  anticus  ] 

Tiiceps  '  l_ 
Outer  head  ( 
Middle  and  inner  heads  J 

Musculo-cutaneous 
Musculo-S2)ira] 

fC.  7. 
{ 0.    5.  6. 
10.    5.  6. 

ro.  (5)  6. 
-^0.  (6)    7.  8. 
IC.    7.  8. 

Actions. 

(1)  The  chief  action  of  these  muscles_  is  on  the  ellxiw  joint,  producing  along  with  other  muscles 
flexion  and  extension.    The  flexor  muscles  are  much  more  powerful  than  the  extensors. 
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Table  of  Muscles  acting  on  the  Elbow  Jcfint. 


Flexors. 

Extensors. 

Biceps 

Brachialis  anticus 
"  Brachio-radialis 
Pronator  radii  teres 
Flexors  of  wrist  and  fingers 
Extensors  of  wrist  (in  pronation) 

Triceps 
Anconeus 

Extensors  of  wrist  and  fingers  (in  supination) 

(2)  Subordinate  and  accessory  movements  are  performed  by  all  the  muscles  of  tbis  group 
except  tlie  brachialis  anticus.  Tlie  biceps  supiuates  tlie  forearm,  flexes  the  elbow,  and  with  the 
aid  of  the  coraco-bracliialis  adducts  and  flexes  the  humerus  at  tlie  shoulder  joint.  The  triceps 
througli  its  scaj^ular  head  adducts  and  extends  the  humerus,  besides  extending  the  elbow  joint. 
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Collateral  digital  branches 
of  the  median  nerve 


Collateral  digital 
branches  of  the 
ulnar  ner\  e 


FASCIiE. 

The  superficial  fascia  in  the  forearm  presents  no  exceptional  features.  On 
the  dorsum  of  the  hand  it  is  loose  and  thin ;  in  the  palm  it  is  generally  well 
furnished  with  fat,  forming  pads  for  the  protection  of  the  vessels  and  nerves.  It  is 
closely  adherent  to  the  palmar  fascia,  and  to  the  skin,  especially  along  the  lines  of 
flexure. 

The  palmaris  brevis  is  a  quadrilateral  subcutaneous  muscle  occupying  the 
inner  side  of  the  hand  under  the  superficial  fascia.  It  arises  from  the  inner  border 
of  the  thick  central  portion  of  the  palmar  fascia,  and  is  inserted  into  the  skin  of  the 
inner  border  of  the  hand  for  a  variable  distance.  It  covers  the  ulnar  artery  and 
nerve,  branches  of  which  supply  it.  Its  action  is  to  wrinkle  the  skin  of  the  inner 
border  of  the 
hand,  and  by 
raising  up  the 
skin  and  super- 
ficial fascia,  to 
deepen  the  hol- 
low of  the  hand. 

The  deep 
fascia  of  the 
forearm  and  hand 
is  continuous 
above  with  the 
deep  fascia  of  the 
arm.  At  the 
upper  part  of  the 
forearm  it  is 
strengthened  by 
additional  fibres 
around  the  el- 
bow ;  in  front  by 
fibres  from  the 
semilunar  fascia 
of  the  biceps, 
behind  by  the 
fascial  insertions 
of    the  triceps, 


First  dorsal  inter- 
osseous MUSCLI 
Adductor  tran-j 

VERSUa  POLLICIS 

Digital  braiiche: 
(median  nerve) 


Abductor  pollicis 


Opponens  pollici«  — 

Superficial  volar  artery 
Palmaris  longus  tendon 


Fig.  238. — The  Palm  of  the  Hand  (Superb'icial  Dissection). 


and  laterally  by  fibres  derived  from  the  humeral  condyles  in  relation  to  the 
common  tendons  of  origin  of  the  flexor  and  extensor  muscles  of  the  forearm.  It 
closely  invests  and  gives  origin  to  these  muscles.  It  is  attached  to  the  posterior 
border  of  the  ulna  in  the  whole  length  of  the  forearm,  and  affords  increased 
21 
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attachment  to  the  flexor  and  extensor  carpi  ulnaris  and  the  flexor  profundus 
digitonun.  Above  the  wrist  the  fascia  is  pierced  anteriorly  by  the  tendon  of  the 
pahnaris  longus  and  by  the  ulnar  artery  and  nerve.  At  the  wrist  it  gains  attach- 
ment to  the  bones  of  the  forearm  and  carpus,  is  greatly  strengthened  by  addition 
of  transverse  fibres,  and  constitutes  the  annular  ligaments. 

The  anterior  annular  ligament  of  the  wrist  is  a  band  about  an  inch  and 
half  in  depth,  continuous  above  and  below  with  the  deep  fascia  of  the  forearm  and 
hand.  It  is  attached  to  the  scaphoid  and  trapezium  externally ;  to  the  pisiform 
and  unciform  bones  internally ;  and  it  forms  a  membranous  arch  binding  down  in 
the  hollow  of  the  carpus  the  flexor  tendons  of  the  wrist,  and  the  median  nerve. 
It  is  divided  into  tivo  com-partments,  the  larger  accommodating  the  tendons  of  the 


Flexor  profundus 
digitorum 


Flexor  subi.imis 
digitorum 


Lisrameuta  vasriiialia 


lumbricales 

Flexor  profundus 
digitorum  tendons 
Flexor  sublimis 
digitorum  tendons 

OpPONENS  MINIMI 
DIGITI 

Flexor  brevis  minimi  dioiti 

Abductor  minimi  dioiti 
Origin  of  palmar  fascia  (cut) 
Anterior  annular  ligament 

Palmaris  longus- 
Flexor  carpi  ulnari: 
Flexor  sublimis  dioitorum 


Tendon  of  flexor 
longus  pollicis 

Adductor  transversus 
pollicis 

Adductor  obliquus  pollicis 
Flexor  brevis  pollicis 
Abductor  pollicis 


Opponens  pollicis 


Extensor  ossis  metacarpi  pollicis 

Flexor  carpi  radialis 
Posterior  annular  ligament 


FiQ.  239. — The  Muscles  and  Tendons  in  the  Palm  of  the  Hand. 


flexors  of  the  digits  and  the  median  nerve,  the  smaller  (placed  externally)  contain- 
ing the  tendon  of  the  flexor  carpi  radialis.  There  are  three  synovial  mevibranes  in 
these  compartments :  one  for  the  flexor  carpi  radialis  tendon,  the  other  two,  which 
may  communicate  together,  enveloping  the  tendons  of  the  flexor  longus  pollicis  and 
the  flexor  tendons  of  the  fingers  respectively.  The  surface  of  the  ligament  is  crossed 
by  the  palmar  branches  of  the  median  and  ulnar  nerves ;  by  the  tendon  of  the 
palmaris  longus  muscle,  which  is  attached  to  its  surface ;  and  by  the  ulnar  artery 
and  nerve,  which  are  again  bridged  over  and  protected  by  a  band  of  fibrous  tissue 
passing  from  the  pisiform  bone  and  the  superficial  fascia  to  the  surface  of  the 
ligament.  To  the  lower  border  of  the  ligament  are  attached  the  palmar  fascia  in 
the  centre,  and  the  superficial  muscles  of  the  thumb  and  the  muscles  of  the  little 
finger  on  each  side. 

The  posterior  annular  ligament  of  the  wrist  is  placed  at  a  higher  level 
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than  the  previous  ligament.  It  consists  of  an  oblique  band  of  fibres  about  an 
inch  broad,  attached  externally  to  the  outer  side  of  the  lower  end  of  the  radius, 
and  internally  to  the  lower  end  of  the  ulna,  the  carpus,  and  the  internal  lateral 
ligament  of  the  wrist.  It  is  covered  by  veins,  by  the  radial  nerve,  and  by  the 
dorsal  branch  of  the  ulnar  nerve.  Six  compartments  are  formed  beneath  it  by  the 
attachment  of  septal  bands  to  the  radius  and  ulna.  Each  compartment  is  provided 
with  a  synovial  membrane,  and  they  serve  to  transmit  the  extensor  tendons  of  the 
wrist  and  fingers  in  the  following  order  from  without  inwards : — 

1.  Extensor  ossis  metacarpi  pollicis  and  extensor  brevis  poUicis. 

2.  Extensores  carpi  radiales,  longior  and  brevior. 

3.  Extensor  longus  pollicis. 

4.  Extensor  communis  digitorum  and  extensor  indicis. 

5.  Extensor  minimi  digiti. 

6.  Extensor  carpi  ulnaris. 

The  thin  deep  fascia  of  the  dorsum  of  the  hand  is  lost  over  the  expansions  of 
the  extensor  tendons  on  the  fingers.  Beween  the  metacarpal  bones  a  strong 
layer  of  fascia  covers  and  gives  attachment  to  the  interossei  muscles. 

The  palmar  fascia  is  of  considerable  importance.  In  the  centre  of  the  palm 
it  forms  a  thick  triangular  membrane,  the  apex  of  which  joins  the  lower  edge  of 
the  anterior  annular  ligament,  and  receives  the  insertion  of  the  tendon  of  the 
palmaris  longus  muscle.  The  fascia  separates  below  into  four  slips,  one  for  each 
finger,  connected  together  by  transverse  fibres,  forming  beneath  the  webs  of  the 
fingers  the  superficial  transverse  metacarpal  ligament.  Beyond  this  each  slip 
separates  into  two  parts,  to  be  connected  to  the  sides  of  the  metacarpo-phalangeal 
joints  and  the  first  phalanx  of  the  inner  four  digits.  In  the  cleft  between  the  two 
halves  of  each  slip  the  digital  sheath  is  attached  and  extends  downwards  on  to  the 
finger.  The  lateral  borders  of  this  triangular  central  portion  of  the  palmar  fascia 
are  continuous  with  thin  layers  of  deep  fascia,  which  cover  and-  envelop  the  muscles 
of  the  thenar  and  hypothenar  eminences.  The  inner  border  gives  origin  to  the 
palmaris  brevis  muscle. 

The  digital  sheaths  are  tubular  envelopes  extending  along  the  anterior  aspect 
of  the  digits  and  enclosing  the  flexor  tendons.  Each  consists  of  a  continuous 
fibrous  sheath  attached  to  the  lateral  borders  of  the  phalanges  and  interphalangeal 
joints,  and  continuous  above  with  the  palmar  fascia.  Opposite  each  interphalangeal 
articulation  the  digital  sheath  is  loose  and  thin  ;  opposite  the  first  two  phalanges 
(the  first  only  in  the  case  of  the  thumb)  it  becomes  extremely  thick,  and  gives 
rise  to  the  ligamentum  vaginale,  which  serves  to  keep  the  tendons  closely  applied 
to  the  bones  during  flexion  of  the  fingers.  Within  each  digital  sheath  are  the  flexor 
tendons,  enveloped  in  a  s^^novial  membrane  which  not  only  envelops  the  tendon 
but  also  lines  the  interior  of  the  sheath.  The  synovial  membranes  of  the  digital 
sheaths  extend  a  short  distance  upwards  in  the  palm,  and  in  some  cases  com- 
municate with  the  large  synovial  membranes  lining  the  flexor  tendons  beneath 
the  annular  ligament.  There  may  be  a  separate  distinct  synovial  membrane  for 
each  digit ;  but  most  commonly  only  the  sheaths  for  the  three  middle  digits  have 
separate  synovial  membranes  ;  those  for  the  flexor  longus  pollicis  and  for  the 
flexor  tendons  of  the  little  finger  communicate  usually  with  the  synovial  mem- 
branes placed  beneath  the  anterior  annular  ligament. 

THE  MUSCLES  ON  THE  FKONT  AND  INNEE  ASPECT  OF 
THE  FOREARM. 

The  pronator  and  flexor  muscles  which  lie  on  the  front  of  the  forearm  occupy 
different  levels,  and  are  divisible  into  two  main  groups,  superficial  and  deep. 

Superficial  Muscles. 

The  superficial  muscles  form  the  prominence  on  the  front  and  inner  side  of 
the  forearm,  and  all  take  origin  in  whole  or  part  by  means  of  a  common  tendon 
from  the  internal  condyle  of  the  humerus.    The  group  comprises  five  nmscles— 
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Fig.  240. 


-Section  across  the  Forearm  in  the  Middle 
Third. 


pronator  radii  teres,  flexor  carpi  radialis,  palmaris  longus,  flexor  carpi  ulnaris,  and 
flexor  subliniis  digitoruni. 

Tlie  pronator  radii  teres  (ni.  pronator  teres)  is  the  most  external  and 
sliortest  muscle  of  this  group.    It  has  a  double  origin:  (1)  a  superficial  head,  the 

main  origin,  from  the  common 
tendon  from  the  internal  con- 
dyle of  the  humerus,  i'rom  the 
fascia  over  it,  and  from  an 
intermuscular  septum  Ijetween 
it  and  tlie  flexor  carpi  radi- 
alis ;  (2)  a  deep  head,  a  slender 
slip  from  the  inner  side  of  the 
coronoid  process  of  the  ulna, 
which  joins  the  superficial 
origin  of  the  muscle  on  its 
deep  surface.  The  median 
nerve  separates  the  two  heads 
from  one  another.  The  mus- 
cle is  directed  downwards  and 
outwards  to  be  inserted  into 
an  oval  impression  on  the 
middle  of  the  outer  surface  of 
the  radius. 

The  muscle  forms  the  inner 
boundary  of  the  hollow  of  the 
elbow.  It  is  superficially 
placed,  except  near  its  in- 
sertion, where  it  is  covered  by 
the  brachio-radialis  muscle  and 
by  the  radial  vessels  and  ner'S'e. 
The  flexor  carpi  I'adialis  is  on 
its  inner  side.  The  muscle 
conceals  the  ulnar  and  radial  origins  of  the  flexor  sublimis  digitorum,  and  the 
median  nerve  and  ulnar  artery,  which  are  separated  from  one  another  by  the  deep 
head  of  oiigin. 

The  flexor  carpi  radialis  muscle  has  a  single  origin  from  the  common 
tendon  from  the  internal  condyle,  from  the  fascia  over  it,  and  from  the  inter- 
muscular septa  on  either  side.  Its  fleshy  belly  gives  place  to  a  strong  round 
tendon  in  the  lower  half  of  the  forearm,  which,  at  the  wrist,  enters  the  hand  in  a 
special  compartment  beneath  the  anterior  annular  ligament,  and  after  occupying 
the  groove  on  the  trapezium,  is  inserted  into  the  upper  ends  of  the  second  ■  and 
third  metacarpal  bones  on  their  anterior  surfaces. 

The  flexor  carpi  radialis  is  superficial  except  near  its  insertion.  Its  fleshy 
belly  in  the  upper  half  of  the  arm  lies  between  the  pronator  radii  teres  and  the 
palmaris  longus,  and  conceals  the  flexor  subUmis  digitorum.  Its  tendon  in  the 
lower  half  of  the  arm  can  be  felt  beneath  the  skin,  on  the  outer  side  of  the  palmaris 
longus  tendon.  It  is  an  important  guide  to  the  radial  vessels  which  are  placed  in 
the  hollow  external  to  it.  After  passing  beneath  the  anterior  annular  ligament  the 
tendon  is  concealed  by  the  origins  of  the  short  muscles  of  the  thumb.  Besides  the 
synovial  bursa  enveloping  the  tendon  beneath  the  annular  ligament,  another  is 
found  beneath  the  tendons  of  insertion  into  the  metacarpus. 

The  palmaris  longus  arises  also  by  a  single  head  of  origin  from  the  common 
flexor  tendon  from  the  internal  condyle,  from  the  fascia  over  it,  and  from  inter- 
muscular septa  on  either  side.  It  forms  a  short  fusiform  muscle,  which  ends  in  the 
middle  of  the  forearm  in  a  long  flat  tendon.  This  pierces  the  deep  fascia  above 
the  wrist,  and  passing  over  the  anterior  annular  ligament,  is  inserted  (1)  into  the 
surface  of  the  anterior  annular  ligament,  and  (2)  into  the  apex  of  the  thick  central 
portion  of  the  palmar  fascia. 

The  palmaris  longus  is  the  smallest  muscle  of  the  forearm.    It  is  placed  between 


PRciNATOR  EADii  TERES  (insertion) ;  B,  Flexor  carpi  radialis  ;  C, 
Flexor  sublimis  digitorum  ;  D,  Palmaris  lonous  ;  E,  Flexor  carpi 
ULNARIS ;  F,  Flexor  profundus  digitorum  ;  G,  Extensor  carpi 
ulnaris  ;  H,  Extensor  losgus  pollicis  ;  I,  Extensor  communis 
DIGITORUM  ;  J,  Extensor  ossis  metacarpi  pollicis  ;  K,  Extensor 
carpi  radialis  brevior  ;  L,  Extensor  carpi  radialis  longior  ;  M, 
Brachio-radialis.  a,  Radins  ;  h.  Interosseous  membrane;  c,  Ulna. 
1,  Radial  nerve  ;  2,  Radial  Artery  ;  3,  Anterior  interosseous  artery  ; 

4,  Anterior  interosseous  nerve  (underneath  flexor  lonijus  pollicis); 

5,  Median  nerve  ;  6,  Ulnar  artery  ;  7,  Ulnar  nerve  ;  8,  Posterior  inter- 
osseous artery  ;  9,  Posterior  inter6sseous  nerve. 
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the  flexor  carpi  radialis  aud  the  flexor'  carpi  ulnaris,  and  covers  the  flexor  sublimis 
digitorum.    In  the  lower  third 

of  the  forearm'  its  tendon  is  }     '  >  (ii 

placed  directly  over  the  median 
nerve,  along  the  outer  border 
of  the  tendons  of  the  flexor 
sublimis  digitorum. 
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The  palmaris  loiigus  is  the  most 
varial.)le  iiniscle  in  the  body,  and  is 
often  aljsent  (10  jjer  cent). 

The  flexor  carpi  ulnaris 

muscle  has  a  double  origin, from 
the  humerus  and  from  the 
ulna.  (1)  It  arises  from  the 
common  tendon  attached  to 
the  condyle  of  the  humerus, 
the  fascia  over  it,  and  an  inter- 
muscular septum  externally. 
(2)  By  means  of  the  deep 
fascia  of  the  forearm  it  obtains 
an  attachment  to  the  olecranon 
process  and  the  posterior 
border  of  the  ulna  in  its  upper 
three-fifths.  The  fleshy  fibres 
join  a  tendon  vfhich  lies  on  the 
anterior  border  of  the  muscle 
and  is  inserted  into  the  pisi- 
form bone. 

The  muscle  is  superficially 
placed  along  the  inner  border 
of  the  forearm.  It  lies  in- 
ternal to  the  palmaris  longus 
and  flexor  sublimis  digitorum, 
and  conceals  the  flexor  pro- 
fundus digitorum.  The  ulnar 
nerve  (which  enters  the  fore- 
arm between  the  two  heads  of  Muscular  brand 
.    .         r>   i  1  IN-  of  median  nerv 

origin  01  the  muscle)  is  "con- 
cealed by  it  in  its  whole  length. 
The  ulnar  artery  lies  under 
cover  of  the  muscle  in  its  lower 
two -thirds.  The  tendon  of 
the  muscle  serves  as  a  guide 
to  the  artery  in  the  lower  half 
of  the  forearm. 

The  flexor  sublimis  digi- 
torum occupies  a  deeper  plane 
than  the  four  previous  muscles. 
It  has  a  threefold  origin,  from 
the  humerus,  radius,  and  ulna. 
(1)  The  chief  or  hum  eral  origin 
is  from  the  internal  condyle  of 
the  humerus  by  the  common 
tendon,  from  the  internal 
lateral  ligament  of  the  elbow, 
and  from  adjacent  intermus- 
cular septa.  (2)  The  ulnar  origin  is  by  a  slender  fasciculus  from  the  inner  border 
of  the  Goronoid  process  of  the  ulna,  above  the  origin  of  the  pronator  radii  teres. 


Ulnar  artery 
Division  of  ulnar  nerve 
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Antenor  annular 
ligament 

OpPONENS  POLLICIS 

Abductor  pollicis 
Flexor  brevis  pollicis 

1^  Tendons  of  flexor 
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I- flexor  pro- 
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Fig.  241. 


The  Muscles  and  Nerves  on  the  Front  of  the 
Forearm  and  Hand. 

and  pahuaris  longus 


Tlie  pronator  radii  teres,  flexor  carpi  radiali 
have  been  removed. 
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Ligainentuni 
breve 


Ligamentum 


(3)  The  radial  origin  is  from  the  oblique  line  and  middle  third  of  the  outer  border 
of  the  radius  by  a  thin  fil)ro-muscular  attachment. 

The  muscle  separates  in  the  lower  third  of  the  forearm  into  four  parts,  each 
provided  with  a  separate  tendon  which  passes  beneath  the  anterior  annular  liga- 
ment, crosses  the  palm  of  the  hand,  and  enters  the  corresponding  digital  sheath. 
Within  the  digital  sheath  each  tendon  is  split  into  two  parts  by  the  tendon  of  the 
flexor  profundus  digitorum ;  after  surrounding  that  tendon  the  two  parts  are 
partially  reunited  on  its  deep  surface,  and  are  inserted,  after  partial  decussa,tion, 
in  two  portions  into  the  sides  of  the  second  phalanx. 

The  vincula  accessoria  form  additional  insertions  of  the  muscle.  They  consist 
of  the  ligamenta  longa  and  brevia.  The  ligamentum  breve  is  a  triangular  band  of 
fibres  occupying  the  interval  l)etween  the  tendon  and  the  digit  for  a  short  distance 
close  to  the  insertion.  It  is  attached  to  the  front  of  the  inter-phalangeal  articu- 
lation and  the  head  of  the  first  phalanx. 
The  ligamentum  longum  is  a  long 
narrow  band  extending  from  the  back 
of  the  tendon  to  the  upper  part  of  the 
anterior  surface  of  the  first  phalanx. 

The  flexor  sublimis  digitorum  muscle 
is  partially  concealed  in  the  forearm  by 
the  other  more  superficial  muscles  of 
this  group,  and  by  the  radial  vessels 
and  nerve.  It  conceals  the  deeper 
muscles  of  the  forearm,  the  median 
nerve,  and  the  ulnar  artery.  Its  inner 
border  is  in  contact  with  the  flexor 
carpi  ulnaris,  and  in  the  lower  half  of 
the  forearm  with  the  ulnar  vessels  and 
nerve.  The  median  nerve  emerges  at 
its  outer  border  above  the  wrist,  and 
separates  the  muscle  from  the  tendon 
of  the  flexor  carpi  radialis.  At  the 
wrist  the  four  tendons  are  arranged  in 
pairs,  those  for  the  middle  and  ring 
fingers  in  front,  those  for  the  fore  and 
little  fingers  behind,  and  are  enveloped 
in  a  synovial  sheath  along  with  the 
tendons  of  the  flexor  profundus  digi- 
torum beneath  the  anterior  annular 
ligament.  In  the  palm  the  tendons  separate,  and  lying  beneath  the  superficial 
palmar  arch,  conceal  the  tendons  of  the  deep  flexor  and  the  lumbrical  muscles. 
Within  the  digital  sheaths  on  the  fingers  the  tendons  at  first  conceal  those  of  the 
deep  flexor ;  after  being  pierced  by  them,  they  are  in  turn  concealed  by  these 
tendons  at  their  insertion. 

Deep  Muscles. 

The  deep  muscles  on  the  front  of  the  forearm  are  three  in  number :  flexor 
profundus  digitorum,  flexor  longus  pollicis,  and  pronator  quadratus. 

The  flexor  profundus  digitorum  is  a  large  muscle  arising  from  the  ulna,  the 
interosseous  membrane,  and  the  deep  fascia  of  the  forearm.  Its  ulnar  origin  is 
from  the  anterior  and  inner  surfaces  of  the  bone,  extending  up  so  as  to  include  the 
inner  side  of  the  olecranon  process,  and  embrace  the  insertion  of  the  l)rachialis 
anticus  into  the  coronoid  process.  It  arises  external  to  tlie  ulna  from  the  inner 
half  of  the  interosseous  membrane  in  its  middle  third,  and  internally  from 
the  deep  fascia  of  the  forearm  behind  the  origin  of  the  flexor  carpi  ulnaris. 

The  muscle  forms  a  broad  thick  tendon  iwhich  passes  beneath  the  anterior 
annular  ligament,  and  divides  in  the  palm  into  four  tendons  for  insertion  into  the 
terminal  phalanges  of  the  fingers.  The  tendon  associated  with  the  fore  finger  is 
usually  separate  from  the  rest  of  the  tendons  in  its  whole  length.    Each  tendon  enters 
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242. — The  Tendons  attached  to  the  Index 
Finger. 
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a  digital  sheath  beneath  the  tendon  of  the  flexor  sublimis  digitorum,  which  it 
pierces  opposite  the  first  phalanx,  and  is  finally  inserted  into  the  base  of  the 
terminal  phalanx.  Like 
the  tendons  of  the  flexor 
sublimis,  those  of  the  deep 
flexor  are  provided  with 
vincula  accessoria,  viz. 
ligamenta  brevia  attached 
to  the  capsule  of  the 
second  interphalangeal 
articulation,  and  liga- 
menta longa,  which  are  in 
this  case  connected  to  the 
tendons  of  the  subjacent 
flexor  sublimis  digitoruni. 

Lumbricales.  —  Four 
small  cylindrical  muscles 
are  associated  with  the 
tendons  of  the  flexor  pro- 
fundus digitorum  in  the 
palm  of  the  hand.  The 
tivo  outermost  muscles 
arise  from  the  radial  side 
of  the  tendons  of  the 
flexor  profundus  digi- 
torum destined  for  the 
fore  and  middle  fingers. 
The  two  innermost  muscles 
arise,  each  by  two  heads, 
from  the  adjacent  sides 
of  the  second  and  third, 
and  third  and  fourth  ten- 
dons. From  these  origins 
the  muscles  are  directed 
downwards  to  the  radial 
side  of  each  of  the  meta- 
carpo-phalangeal  joints,  to 
be  inserted  into  the  cap- 
sules of  these  articula-* 
tions,  the  outer  border  of 
the  first  phalanx,  and 
chiefly  into  the  outer  side 
of  the  extensor  tendon  on 
the  dorsum  of  the  phalanx. 
The  lumbricales  vary  con- 
siderably in  number,  and 
may  be  increased  to  six 
or  diminished  to  two. 

In  the  forearm  the 
flexor  profundus  digi- 
torum is  concealed  by  the 
flexor  sublimis  digitorum 
and  flexor  carpi  ulnaris 
muscles,  and  by  the  ulnar 
nerve  and  artery.  Under 
the  anterior  annular  liga- 
ment the  muscle  is  placed  beneath  the  tendons  of  the  flexor  sublimis  digitorum, 
and  is  enveloped  in  the  common  bursal  sac.  In  the  palm  the  tendons,  along  with 
the  lumbrical  muscles,  cover  the  deep  palmar  arch  and  the  interossei  muscles,  and 
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are  concealed  by  the  tendons  of  the  flexor  sublimis  digitorum.  On  the  finger  each 
tendon  is  placed  at  first  beneath,  and  afterwards  upon,  the  tendon  of  the  flexor 
sublimis  digitorum,  in  its  passage  through  the  digital  sheath.  The  lumbrical 
muscles  passing  downwards  on  the  radial  side  of  the  deep  flexor  tendons  lie  beneath 
the  digital  vessels  and  nerves  ou  their  way  to  their  insertion. 

The  flexor  longus  pollicis  arises  from  the  anterior  surface  of  the  radius  in  its 
middle  two-fourths,  and  from  a  corresponding  portion  of  the  interosseous  mem- 
brane. Its  radial  origin  is  limited  above  by  the  oblique  line  and  the  origin  of  the 
flexor  sultlimis  digitorum,  and  below  by  the  insertion  of  the  pronator  quadratus 
muscle.  The  muscle  ends  above  the  wrist  in  a  tendon,  which  passes  into  the 
hand  beneath  the  anterior  annular  ligament,  enveloped  in  a  special  synovial  sheath. 
In  the  palm  the  tendon  is  directed  downwards  along  the  inner  side  of  the  thenar 
eminence,  between  the  flexor  brevis  and  adductor  muscles  of  the  thumb,  to  be 
inserted  into  the  terminal  phalanx  of  the  thumb. 

In  the  forearm  the  muscle  is  deeply  placed  beneath  the  flexor  sublimis 
digitorum.  The  radial  artery  lies  upon  it,  and  the  anterior  interosseous  artery  and 
nerve  intervene  between  it  and  the  flexor  profundus  digitorum.  It  crosses  over 
the  insertion  of  the  pronator  quadratus  near  the  wrist. 

The  pronator  quadratus  is  a  quadrilateral  muscle,  occupying  the  lower  fourth 
of  the  forearm.  It  arises  from  the  lower  fourth  of  the  anterior  border  and  surface 
of  the  ulna,  and  is  directed  outwards  to  be  inserted  into  the  lower  fourth  of  the 
anterior  surface  of  the  radius. 

The  muscle  is  deeply  placed  beneath  the  flexor  tendons,  the  radial  and  ulnar 
arteries,  and  the  ulnar  and  median  nerves.  It  conceals  the  lower  part  of  the  inter- 
osseous membrane,  the  radius  and  ulna,  and  the  anterior  interosseous  artery  and 
nerve,  which  pass  behind  its  upper  border.  The  pronator  quadratus  is  subject  to 
considerable  variations.  It  may  even  be  absent ;  or  it  may  have  an  origin  from 
radius  or  ulna,  or  from  both  bones,  and  an  insertion  into  the  carpus. 


The  abductor  pollicis  (m.  abductor  pollicis  brevis)  arises  from  the  anterior 
annular  ligament  and  the  ridge  of  the  trapezium.    Strap-like  in  form,  it  is  inserted 
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Fig.  244. — Short  Mu.scles  of  the  Hand. 


into  tlie  outer  side  of  the  first  phalanx  of  the  thumb  and  the  capsule  of  the  meta- 
Oarpo-phalangeal  joint. 


SHOET  MUSCLES  OF  THE  HAND. 
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It  is  the  most  superficial  muscle  of  the  thenar  eminence,  and  conceals  partially 
the  opponens,  and  the  superficial  portion  of  the  fiexor  brevis  pollicis. 

The  opponens  pollicis  arises  beneath  the  preceding  muscle  from  the  annular 
ligament  and  the  ridge  on  the  trapezium.  Extending  downwards  and  outwards,  it 
is  inserted  into  the  whole  length  of  the  first  metacarpal  bone  on  its  anterior  sur- 
face.   The  muscle  is  superficial  along  the  outer  border  of  the  abductor  pollicis. 

The  flexor  brevis  pollicis  consists  of  two  parts,  a.  The  superficial  part  of  the 
muscle  arises  from  the  anterior  annular  ligament,  and  is  inserted  into  the  outer  side 
of  the  base  of  the  first  phalanx  of  the  thumb,  a  sesamoid  Ijone  being  present  in  the 
tendon  of  insertion.  This  part  of  the  muscle,  partly  concealed  by  the  abductor 
pollicis,  is  superficial  in  the  interval  between  that  muscle  and  the  tendon  of  the 
fiexor  longus  pollicis. 

h.  The.  deep  fart  of  the  muscle  (interrosseus  primus  volaris)  arises  from  the 
ulnar  side  of  the  base  of  the  first  metacarpal  bone,  and  is  inserted  into  the  inner 
side  of  the  base  of  the  first  phalanx  of  the  thumb  along  with  the  adductor 
obliquus  pollicis.  This  little  muscle  is  deeply  situated  in  the  first  interosseous 
space,  in  the  interval  between  the  adductor  obliquus  pollicis  and  the  first  dorsal 
interosseous  muscle.  It  may  be  regarded  as  homologous  with  the  palmar  interossei 
muscles,  with  which  it  is  in  series. 

The  adductor  obliquus  pollicis  arises  from  the  anterior  surfaces  of  the  trapezium, 
trapezoid,  and  os  magnum,  from  the  tendon  of  the  fiexor  carpi  radialis,  and  from 
the  bases  of  the  second  and  third  metacarpal  bones.  It  is  inserted  by  a  tendon,  in 
which  a  sesamoid  bone  is  developed,  into  the  inner  side  of  the  base  of  the  first 
phalanx  of  the  thumb.  At  its  outer  border  a  slender  slip  separates  from  the  rest 
of  the  muscle,  and  passing  obhquely  beneath  the  tendon  of  the  flexor  longus  pollicis, 
is  inserted  into  the  outer  side  of  the  base  of  the  first  phalanx  along  with  the 
superficial  part  of  the  flexor  brevis  pollicis. 

The  adductor  obliquus  pollicis  lies  on  the  ulnar  side  of  the  tendon  of  the  flexor 
longus  pollicis,  internal  to  the  thenar  eminence.  It  is  covered  by  the  flexor  tendons 
of  the  thumb  and  fingers,  and  conceals  the  radial  artery  and  the  deep  part  of  the 
flexor  brevis  pollicis.  At  its  inner  border  the  radial  artery  (deep  palmar  arch) 
appears  between  it  and  the  adductor  transversus  pollicis. 

The  adductor  transversus  pollicis  arises  from  the  front  of  the  third  meta- 
carpal bone,  in  its  lower  two-thirds.  Triangular  in  form,  it  is  directed  outwards, 
to  be  inserted  into  the  inner  side  of  the  base  of  the  first  phalanx  of  the  thumb  along 
with  the  adductor  obliquus.  Lying  beneath  the  flexor  tendons,  this  muscle  con- 
ceals the  interossei  muscles  of  the  first  two  spaces  and  the  radialis  indicis  and 
princeps  pollicis  arteries.  Its  upper  border  is  separated  from  the  adductor  obliquus 
pollicis  by  the  radial  artery  (deep  palmar  arch). 

Muscles  of  the  Little  Finger. 

The  abductor  minimi  digiti  (m.  abductor  digiti  quinti)  arises  from  the  pisi- 
form bone  and  the  tendon  of  the  fiexor  carpi  ulnaris,  and  is  inserted  into  the  inner 
side  of  the  base  of  the  first  phalanx  of  the  little  finger.  It  lies  superficially  upon 
the  opponens  and  flexor  brevis  minimi  digiti. 

The  opponens  minimi  digiti  (m.  opponens  digiti  quinti)  arises  from  the 
anterior  annular  ligament  and  the  hook  of  the  unciform  bone,  and  is  inserted  into 
the  whole  length  of  the  fifth  metacarpal  bone  along  its  inner  margin. 

It  is  concealed  by  the  previous  muscle,  and  may  be  pierced  near  its  origin  for 
the  passage  of  the  deep  branches  of  the  ulnar  artery  and  nerve. 

The  flexor  brevis  minimi  digiti  (m.  flexor  digiti  quinti  brevis)  arises  from 
the  anterior  annular  ligament  and  the  hook  of  the  unciform  bone,  and  is  inserted 
along  with  the  abductor  into  the  inner  side  of  the  first  phalanx  of  the  little 
fingei". 

This  muscle  is  placed  external  to  the  opponens  and  abductor,  and  is  separated 
from  the  latter  by  the  deep  branches  of  the  ulnar  artery  and  nerve.  It  may  be 
reduced  in  size,  absent  altogether,  or  incorporated  with  either  the  opponens  or 
abductor  minimi  digiti. 
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The  Interosseous  Muscles. 


The  interosseous  muscles  of  the  hand  are  arranged  in  two  sets,  pahnar  and 
dorsal. 

The  palmar  interossei  (m.  interossei  volares)  are  three  in  number,  occupying 

the  three  inner  interosseous  spaces. 
Each  arises  by  a  single  head ;  the 
first  from  the  ulnar  side  of  the  shaft 
of  the  second  metacarpal  bone ;  the 
second  and  third  from  the  radial 
sides  of  the  shafts  of  the  fourth  and 
fifth  metacarpal  bones  respectively. 
Each  ends  in  a  tendon  which  is 
directed  downwards  behind  the  deep 
transverse  metacarpal  ligament,  to 
be  inserted  into  the  dorsal  expansion 
of  the  extensor  tendon,  the  capsule 
of  the  metacarpo-phalangeal  articu- 
lation, and  the  side  of  the  first 
phalanx  of  the  fingers ;  the  first  is 
inserted  into  the  ulnar  side  of  the 
second  finger ;  the  second  and  third 
into  the  radial  side  of  the  fourth  and 
fifth  fingers. 

The  dorsal  interossei  are  four 
in   number.    Each   arises   by  two 
heads  from  the  sides  of  the  meta- 
j5^„s(,ies.  carpal  bones  bounding  each  inter- 

osseous space.  Each  forms  a  fleshy 
mass,  and  ends  in  a  membranous  tendon,  which,  passing  downwards  behind  the 
transverse  metacarpal  ligament,  is  inserted  exactly  like  the  palmar  muscles  into  the 
dorsal  aspect  of  each  of  the  four  fingers.    The  insertion  of  the  first  dorsal  inter- 


Fiu.  245. — The  Palmar  Interosseous  Muscles. 
P^*,  first ;  P''^,  second  ;  and  P',  third  palmar  interosseous 


Abductor  pollicis  :  origin  (cut)- 
Insertion  of  flexor  carpi  radialis- 


Insertion  of  opponens  pollici 
Interosseus  primus  volari 


Abductor  pollicis  :  insertion  (cut 

Adductor  obliquus  (insertion)" 
Adductor  transversus  (insertion/ 

First  dorsal  interosseous  muscll-^ 
Second  dorsal  interosseous  musclf- 

Third  dorsal  interosseous  muscle 
Fourth  dorsal  interosseous  muscle' 


Insertion  of  flexor 
carpi  ulnakis 


Origins  of 
palmar  inter- 
osseous muscles 
Insertion  of 
opponens  minimi 

DIOITI 

Insertion  of 

abductor  MINIMI 
DIGITl 


Fio.  240. — Dorsal  Interosseous  Muscles  of  the  Hand  (seen  from  tlie  Palmar  Aspect). 

osseous  muscle  is  into  the  radial  side  of  the  index  finger ;  the  second  muscle  is 
attached  to  the  radial  side  of  the  third  finger ;  the  tldrd.  muscle  to  the  ulnar  side 
of  the  same  finger;  and  the  fourth  muscle  to  the  ulnar  side  of  the  fourth  finger. 

These  muscles  fill  up  the  interosseous  spaces ;  the  dorsal  interossei  are  visible 
on  the  back  of  the  hand  when  the  extensor  tendons  are  removed ;  in  the  palm  the 
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muscles  are  concealed  by  the  flexor  tendons  and  the  muscles  of  the  thumb  and 
little  finger,  and  are  crossed  by  the  deep  palmar  arch  and  the  deep  branch  of  the 
ulnar  nerve.  Between  the  two  heads  of  the  first  dorsal  muscle  the  radial  artery 
enters  the  palm,  and  the  perforating  arteries  pass  between  the  heads  of  the  other 
dorsal  muscles. 

The  interossei  muscles  of  the  hand  in  some  cases  have  a  disposition  similar  to 
that  of  the  corresponding  muscles  of  the  foot. 

THE  MUSCLES  ON  THE  BACK  OF  THE  FOREAEM. 

The  group  of  muscles  occupying  the  outer  side  of  the  elbow  and  the  back  of  the 
forearm  and  hand  include  the  supinator  muscles  of  the  forearm  and  the  extensors 
of  the  wrist  and  digits.    They  are  divisible  into  a  superficial  and  a  deep  layer. 

Superficial  Muscles. 

The  superficial  layer  comprises  seven  muscles,  viz.  from  without  inwards,  the 
brachio  -  radialis,  the  two  radial  extensors  of  the  carpus,  the  extensor  communis 
digitorum  and  extensor  minimi  digiti,  the  extensor  carpi  ulnaris,  and  the 
anconeus. 

The  brachio-radialis  arises  from  the  upper  two-thirds  of  the  external  supra- 
condyloid  ridge  of  the  humerus,  and  from  the  external  intermuscular  septum. 
Occupying  the  outer  side  of  the  hollow  of  the  elbow,  the  muscle  descends  along  the 
outer  border  of  the  forearm,  and  ends  about  the  middle  in  a  narrow  flat  tendon 
which  is  inserted  into  the  ridge  on  the  front  of  the  base  of  the  styloid  process  of  the 
radius. 

The  muscle  is  superficial  in  its  whole  length.  Near  its  origin  it  is  separated 
from  the  brachialis  anticus  by  the  musculo-spiral  nerve.  It  forms  the  outer 
boundary  of  the  hollow  of  the  elbow,  and  conceals  the  radial  extensors  of  the  carpus, 
and,  in  the  upper  two-thirds  of  the  forearm,  the  radial  artery  and  nerve. 

The  extensor  carpi  radialis  longior  (m.  ext.  carp.  rad.  longus)  arises  from 
the  lower  third  of  the  external  supracondyloid  ridge  of  the  humerus,  from  the 
external  intermuscular  septum,  and  from  the  common  tendon  of  origin  of  succeeding 
muscles  from  the  external  condyle.  It  ends  in  a  tendon  in  the  lower  half  of  the 
forearm,  which  passes  beneath  the  posterior  annular  ligament,  to  be  inserted  into  the 
back  of  the  base  of  the  second  metacarpal  bone. 

The  upper  part  of  the  muscle  is  concealed  by  the  brachio-radialis,  and  the  lower 
part  is  crossed  by  the  extensors  of  the  thumb.  It  covers  the  supinator  brevis  and 
extensor  carpi  radialis  brevior  above,  and  the  back  of  the  radius  and  the  carpus 
below. 

The  extensor  carpi  radialis  brevior  (m.  ext.  carp.  rad.  brevis)  arises  from  the 
common  tendon,  from  the  external  lateral  ligament  of  the  elbow,  from  the  fascia 
over  it,  and  from  intermuscular  septa  on  each  side.  It  passes  down  the  back  of 
the  forearm  in  close  relation  to  the  previous  muscle,  to  be  inserted  by  a  tendon 
into  the  back  of  the  base  of  the  third  metacarpal  bone.  A  bursa  is  placed  beneath 
the  two  radial  extensor  tendons  close  to  their  insertion. 

Partially  concealed  by  the  extensor  carpi  radialis  longior  and  the  extensor 
muscles  of  the  thumb,  and  having  the  extensor  communis  digitorum  on  its  inner 
side,  the  muscle  covers  the  supinator  brevis  and  the  lower  part  of  the  radius. 

The  extensor  communis  digitorum  arises  from  the  common  tendon,  from  the 
fascia  over  it,  and  from  intermiiscular  septa  on  each  side.  Extending  down  the 
back  of  the  forearm,  it  ends  above  the  wrist  in  four  tendons,  of  which  the  outermost 
often  has  a  separate  fleshy  belly.  After  passing  beneath  the  posterior  annular 
ligament  in  a  compartment  along  with  the  extensor  indicis,  the  tendons  separate 
on  the  back  of  the  hand,  where  the  three  innermost  tendons  are  joined  together  by 
two  obliquely-placed  bands.  One  passes  downwards  and  outwards,  and  connects 
together  the  third  and  second  tendons ;  the  other  is  a  broader  and  shorter  band, 
which  passes  also  downwards  and  outwards,  and  joins  the  fourth  to  the  third 
tendon. 
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The  tendons  are  inserted  in  the  following  manner : — On  the  finger  each  tendon 
spreads  out  so  as  to  form  a  membranous  expansion  over  the  knuckle  and  on  the 
back  of  the  first  phalanx.  The  border  of  the  tendon  is  indefinite  over  the  meta- 
carpo-phalangeal  articulation,  of  which  it  forms  the  posterior  ligament.  On  the 
back  of  the  first  phalanx  the  tendon  receives  laterally  the  insertions  of  the  interossei 
and  lumbrical  muscles.  At  the  lower  end  of  the  first  phalanx  the  tendon  splits 
into  ill-defined  median  and  lateral  slips,  proceeding  over  the  back  of  the  first 
inter-phalangeal  articulation,  of  which  they  form  the  posterior  ligament.  The 
median  slip  is  inserted  into  the  back  of  the  base  of  the  second  phalanx,  while  the 
two  lateral  pieces  become  united  to  form  a  membranous  tendon  on  the  back  of 
the  second  phalanx,  which,  after  passing  over  the  second  interphalangeal  articula- 
tion, is  inserted  into  the  base  of  the  terminal  phalanx. 

The  extensor  communis  digitorum  is  superficial  in  its  whole  length,  and  lies 
between  the  radial  extensors  of  the  carpus  externally  and  the  extensor  minimi 
digiti  internally.  It  conceals  the  supinator  brevis  and  other  deep  muscles  of  the 
forearm,  as  well  as  the  posterior  interosseous  vessels  and  nerves-  The  extensors  of  the 
thumb  become  superficial  along  its  outer  border  in  the  lower  third  of  the  forearm. 

The  extensor  minimi  digiti  (m.  extensor  digiti  quinti  proprius)  has  an  origin 
similar  to  and  closely  connected  with  that  of  the  preceding  muscle,  from  the 
common  tendon,  the  I'ascia  over  it,  and  lateral  intermuscular  septa.  Passing  down 
the  back  of  the  forearm  as  a  narrow  fleshy  slip,  between  the  extensor  communis 
digitorum  and  the  extensor  carpi  ulnaris,  it  ends  in  a  tendon  which  occupies  a 
groove  between  the  radius  and  ulna  in  a  special  compartment  of  the  posterior 
annular  ligament ;  on  the  back  of  the  hand  the  tendon,  usually  split  in  two  parts, 
lies  internal  to  the  tendons  of  the  extensor  communis  digitorum,  and  is  finally 
inserted  into  the  expansion  of  the  extensor  tendon  on  the  dorsum  of  the  first 
phalanx  of  the  little  finger. 

The  extensor  carpi  ulnaris  has  a  double  origin :  (1)  from  the  common  tendon 
from  the  external  condyle,  from  the  deep  fascia  over  it,  and  from  the  intermuscular 
septa ;  and  (2)  through  the  medium  of  the  deep  fascia,  from  the  posterior  border  of 
the  ulna  in  its  middle  two-fourths.  The  muscle  ends  in  a  tendon  in  the  lower  third 
of  the  forearm,  which  occupies  a  groove  on  the  back  of  the  ulna  in  a  special  com- 
partment of  the  posterior  annular  ligament,  and  is  inserted  into  the  back  of  the 
base  of  the  fifth  metacarpal  bone. 

The  muscle  is  superficially  placed  between  the  extensor  minimi  digiti  and  the 
anconeus,  external  to  the  posterior  border  of  the  ulna.  It  conceals  the  supinator 
brevis  and  the  posterior  interosseous  vessels  and  nerve  above,  and  in  the  lower  two- 
thirds  of  the  forearm  covers  the  posterior  surface  of  the  ulna. 

The  anconeus  is  a  small  triangular  muscle  arising  by  a  separate  tendon  from 
the  back  of  the  external  condyle  of  the  humerus.  Spreading  out  over  the  ulna,  it 
is  inserted  into  a  triangular  surface  on  the  outer  side  of  the  olecranon  process  and 
back  of  the  ulna,  as  low  down  as  the  oblique  line. 

It  is  covered  by  the  thickened  fascia  of  the  forearm  giving  insertion  to  the 
triceps  muscle.  It  conceals  the  back  of  the  elbow  joint  and  part  of  the  origin 
of  the  supinator  brevis  nniscle. 

The  epitrochleo-anconeus  is  an  occasional  small  nuiscle  arising  from  the  liack  of  the  internal 
condyle  of  the  humerus,  and  inserted  into  the  inner  side  of  the  olecranon  process.  It  covers  the 
ulnar  nerve  in  its  passage  to  the  forearm. 

Deep  Muscles. 

The  deep  muscles  of  the  back  of  the  forearm  comprise  five  muscles,  of 
which  one,  the  supinator  radii  brevis,  extends  between  the  ulua  and  radius ;  the 
others  are  extensors  of  the  thumb  and  forefinger :  the  extensor  ossis  metacarpi 
pollicis,  extensor  brevis  and  extensor  longus  pollicis,  and  extensor  indicis. 

The  supinator  radii  brevis  (m.  supinator)  muscle  has  a  complex  origin:  (1) 
from  the  external  condyle  of  the  humerus ;  (2)  from  the  external  lateral  and  orbi- 
.cular  ligaments  of  the  elbow  joint ;  (3)  from  the  triangular  surface  on  the  ulua 
below  the  lesser  sigmoid  cavity;  and  (4)  from  the  fascia  over  it.    From  this  origin 
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the  muscle  spreads  outwards  and  downwards,  enveloping  the  upper  part  of  the 
radius,  and  is  inserted  into  the  anterior  and  outer  surfaces  of  the  bone,  as  far 
forwards  as  the  bicipital 
tubercle,  as  far  upwards  as 
the  neck,  and  as  far  down- 
wards as  the  oblique  line 
and  the  insertion  of  the 
pronator  radii  teres. 

The  supinator  brevis  is 
deeply  placed,  and  is  un- 
covered only  anteriorly  in 
the  hollow  of  the  elbow. 
It  is  covered  by  all  the 
superficial  muscles  on  the 
back  of  the  forearm.  It 
conceals  the  back  of  the 
elbow  joint  and  the  upper 
part  of  the  radius.  At  its 
lower  border  is  the  extensor 
ossis  metacarpi  pollicis, 
separated  from  it  by  the 
posterior  interosseous 
artery.  The  muscle  is 
divisible  into  superficial 
and  c^eep  parts  with  humeral 
and  ulnar  regions,  between 
which  the  posterior  inter- 
osseous nerve  passes  to 
reach  the  back  of  the  fore- 
arm. 

The  extensor  ossis 
metacarpi    pollicis  (m. 

abductor  pollicis  longus) 
aris3s  below  the  supinator 
brevis  from  the  posterior 
or  extensor  surfaces  of  the 
radius  and  ulna,  and  from 
the  intervening  portion  of 
the  interosseous  mem- 
brane. Becoming  super- 
ficial in  the  lower  part  of 
the  '.forearm  along  with 
the  extensor  brevis  pollicis, 
it  passes  beneath  the 
posterior  annular  ligament, 
to  be  inserted  into  the 
outer  side  of  the  base  of 
the  first  metacarpal  bone. 

At  its  origin  the  muscle 
is  deeply  placed  beneath 
the  superficial  extensor 
muscles  and  the  posterior 
interosseous  vessels  and 
nerve.  Above  is  the  sup- 
inator brevis ;  below  and 
internally,  the  long  and 
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Fig.  247.- 


-The  Muscles  of  the  Back  of  the  Foeearm  (the 
superficial  muscles  being  reflected). 


short  extensors  of  the  thumb.    In  the  lower  third  of  the  forearm  it  becomes 
superficial  along  with  the  extensor  brevis  pollicis,  between  the  extensor  communis 
and  the  radial  extensors  of  the  carpus.    It  covers  the  last-named 


digitorum 
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muscles  in  its  further  course  in  the  forearm,  and  at  the  wrist  it  crosses  the 
radial  artery. 

Tlie  extensor  brevis  pollicis,  an  essentially  human  miiscle,  is  a  specialised 
portion  of  the  previous  muscle.  It  arises  from  the  back  of  the  radius  and  the 
interosseous  membrane  below  the  extensor  ossis  metacarpi  pollicis.  It  is  closely 
adherent  to  that  muscle,  and  accompanies  it  beneath  the  posterior  annular  ligament 
and  over  the  radial  artery  to  the  thumb.  Its  tendon  is  then  continued  along  the 
back  of  the  first  metacarpal  bone,  and  the  metacarpo-phalangeal  articulation,  to  be 
inserted  into  the  base  of  the  first  phalanx  of  the  thumb.  Before  reaching  its 
insertion  the  tendon  helps  to  form  the  capsule  of  the  metacarpo-phalangeal  joint. 
In  the  forearm  the  muscle  is  deeply  placed  beneath  tiie  superficial  extensors,  and 
is  separated  from  the  extensor  longus  pollicis  by  the  posterior  interosseous  nerve. 

The  extensor  longus  pollicis  arises  from  the  posterior  or  extensor  surface  of 
the  ulna,  and  I'rom  the  interosseous  membrane,  below  the  extensor  ossis  metacarpi 
pollicis.  Its  tendon  grooves  the  back  of  the  radius,  and  occupies  a  special  compart- 
ment beneath  the  posterior  annular  ligament.  Extending  obliquely  across  the 
back  of  the  hand,  it  is  inserted  into  the  base  of  the  second  phalanx  of  the  thumb. 

The  muscle  is  deeply  placed  beneath  the  superficial  extensors  of  the  forearm, 
and  lies  between  the  extensor  brevis  pollicis  and  the  extensor  indicis.  It  separates 
the  posterior  interosseous  artery  from  the  nerve,  the  latter  passing  beneath  it.  On 
the  back  of  the  hand  the  tendon  crosses  the  radial  artery,  and  helps  to  form  the 
capsule  of  tlie  first  metacarpo-phalangeal  articulation. 

The  extensor  indicis  (m.  extensor  indicis  proprius)  arises  below  the  extensor 
longus  pollicis  from  tlie  back  of  the  ulna,  and  sometimes  also  from  the  interosseous 
membrane.  Its  tendon  passes  through  a  compartment  of  the  posterior  annular 
ligament  along  with  the  tendons  of  the  extensor  communis  digitorum,  and  is 
inserted  into  the  forefinger,  joining  the  membranous  expansion  of  the  tendon  of 
the  extensor  communis  digitorum  on  the  dorsum  of  the  first  phalanx. 

Lying  deeply  in  the  forearm,  the  muscle  is  placed  internal  to  the  extensor 
longus  pollicis,  and  covers  the  posterior  interosseous  nerve.  On  the  back  of  the 
hand  its  tendon  lies  on  the  inner  side  of  the  tendon  of  the  common  extensor 
destined  for  the  forefinger. 

Nerve  Supply. 

Four  nerves  are  engaged  in  suppljdng  tlie  muscles  of  the  forearm  and  hand — the  median  and 
ulnar  on  the  front,  the  musculo-spiral  and  posterior  interosseous  nerves  on  the  back  of  the 
limb. 


Muscles. 


A.  Pronators  and  Flexors. 

Pronator  radii  teres 
Flexor  carpi  radialis  [ 
Palmaris  longus  j 
Flexor  sublimis  digitorum 
Flexor  carpi  ulnaris  . 

Flexor  j^rofundus  digitorum 

Flexor  longus  jwUicus) 
Pronator  quadratus  / 

B.  Muscles  of  the  Hand. 

Abductor  pollicis 
Opponens  pollicis 
Flexor  brevis  pollicis  (superficial) 
Flexor  brevis  pollicis  (deep) 
Adductor  obliquus  jjoUicis 
Adductor  transversus  pollicis 
Lumbricales  1st  and  2nd  . 
Lumbricales  3rd  and  4th 
Interossei 

Flexor  brevis  minimi  digiti  r 
Opponens  minimi  digiti 
Abductor  minimi  digiti 


Nerves. 


Median  .... 

C. 

6. 

Ulnar  .... 

c. 

8. 

T.  1. 

Ulnar  and  anterior  in- 

c. 

8. 

T.  1. 

terosseous  (median) 

c. 

7. 

8.  T.  1. 

Anterior  interosseous  . 

c. 

7. 

8.  T.  1. 

Median  . 

Ulnar  . 
Median  . 

Ulnar  . 


Origin. 


C.  6.  7. 

C.  8.  (T.  1). 
C.  6.  7. 

C.  8.  (T.  1). 
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Muscles. 

Nerves. 

Origin. 

C.  Supinators  and  Extensors. 

Bracliio-radialis  \ 
Extensor  carpi  radialis  longior  / 
Extensor  carpi  radialis  brevior  ^ 
Extensor  communis  digitorum  '  1^ 
Extensor  minimi  digiti  j 
Extensor  carpi  ulnaris  I 
Anconeus  ...... 

Supinator,  radii  brevis 
Extensor  ossis  metacarpi  pollicis 
Extensor  brevis  pollicis  !- 
Extensor  longus  pollicis 
Extensor  indicia 

Musculo-spiral 

Posterior  interosseous  "| 
(musculo-spiral)  J 

Musculo-spiral 
Posterior  interosseous  . 

C.  5.  6. 
C.  6.  7. 
C.  6.  7. 

G.  6.  7.  8. 

C.  7.  8. 
C.  6. 

C.  6.  7.  8. 

Action  of  the  Muscles  of  the  Forearm  and  Hand. 

The  muscles  of  tlie  forearm  and  liand  are  concerned  in  tlie  movements  of  the  elbow,  wrist,  and 
joints  of  the  fingers. 

In  the  majority  of  cases  the  muscles  act  upon  more  than  one  joint. 

1.  Action  on  the  Elbow  Joint. — It  has  been  shown  already  (p.  330)  that  flexion  and  ex- 
tension of  the  elbow  are  assisted  hy  certain  of  these  muscles.  The  flexor  muscles  are  the  pronator 
radii  teres,  and  the  flexor  muscles  of  the  wrist  and  fingers,  along  with  tlie  brachio-radialis  and 
extensors  of  the  wrist  and  fingers  (during  pronation).  The  extensors  are  the  supinator  brevis  and 
anconeus,  and  the  extensor  muscles  of  the  wrist  and  fingers  (during  supination). 

2.  Pronation  and  supination  of  the  hand  are  performed  by  special  muscles,  aided  by  muscles 
which  act  also  upon  other  joints.  Tlie  brachio-radialis  assists  in  flexion  and  pronation  on  the  one 
hand,  and  in  extension  and  supination  on  the  other  hand. 


Pronation. 

Supination. 

Pronator  radii  teres 
Pronator  quadratus 
Brachio-radialis 
'  Flexor  carpi  radialis 
Weight  of  the  limb 

Supinator  radii  brevis 
Biceps 

Brachio-radialis 

Extensors  of  thumb  and  fingers 

Weight  of  the  limb 

3.  Action  on  the  Wrist  Joint. — The  movements  at  the  wrist  joint  are  flexion  and  extension, 
abduction  and  adduction.    The  following  muscles  produce  these  movements : — 


a.  Flexion   and  Extension. 

b.  Adduction   and  Abduction. 

Flexor  carpi  radialis 
Palmaris  longus 
Flexor  car2)i  ulnaris 
Long  flexors  of 
thumb  and  fingers 

Extensors  of  the  wrist 
Extensors   of  thumb 
and  fingers 

Flexor  carpi  ulnaris 
Extensor  carpi  ulnaris 

Flexor  carpi  radialis 
Extensors  of  wrist 
Extensors  of  thumb 

4.  Movements  of  the  Fingers. — Two  separate  series  of  movements  occur  in  relation  to  the 
articulations  of  the  fingers  :  flexion  and  extension  (at  the  metacarpo-phalangeal  and  inter- 
phalangeal  joints),  and  abduction  and  adduction  (only  at  the  metacarpo-phalangeal  joints).  The 
movements  and  the  muscles  concerned  are  given  in  the  following  table  : — 


a.  Flexion       and  Extension. 

Flexor  sublimis  digitorum 
Flexor  profundus  digitorum 
Lumbricales  1  (acting  on  the  metacarpo- 
Interossei      /  phalangeal  articulations) 
Flexor  brevis  minimi  digiti 

Exteiisor  communis  digitorum 

Extensor  indicis 

Extensor  minimi  digiti 

Lumbricales  \{a,cting  on  the  inter -phal- 

Interossei      /  angeal  articulations) 
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/).  Abduction       and  Adduction. 

Lumbricales 
Flexor  brevis  and 
Oppoiiens  inininii 
digiti 

Dorsal  interossei 

(from  tlie  inner  side 
of  the  hand) 

'  (from    the  middle 
line  of  the  middle 
,  finger) 

Palmar  interossei 

( (to  the  middle  line 
}     0  f  t  h  e  m  i  d  d  1  e 
[  finger) 

Flexion  is  more  powerful  and  complete  than  extension  of  the  fingers.  The  flexor  profimdus 
alone  acts  on  the  terminal  phalanges ;  the  flexor  sublimis  and  flexor  jirofundus  together  flex  the 
proximal  interi)halangeal  joint ;  and  flexion  of  the  metacarpo-phalangeal  articulation  is  eft'ected 
hj  these  muscles,  as.sisted  by  the  interossei,  lumbricales,  and  flexor  brevis  minimi  digiti. 
Extension  of  the  phalanges  is  eft'ected  hy  the  imited  action  of  the  extensors  of  the  digits,  the 
interossei  and  lumbricales  ;  extension  of  the  fingers  at  the  metacarjjo-jihalangeal  joints  is  produced 
solely  by  the  long  extensor  muscles.  Se2}arate  extension  of  the  index  finger  only  is  possible;  the 
three  inner  fingers  can  only  be  flexed  and  extended  together,  on  account  of  the  connecting  liands 
joining  the  extensor  tendons  together  on  the  back  of  the  hand. 

5.  Movements  of  the  Thumb. — The  movements  of  which  the  thumb  is  ca])able  are  flexion 
and  extension  (occurring  at  the  carpo-metacarjjal,  metacarpo-phalangeal,  and  interjjhalangeal 
joints) ;  abduction  and  adduction,  together  with  circumduction  (occurring  at  the  carpo-metacarjial 
joint). 

The  muscles  and  their  respective  actions  are  given  in  the  following  table  : — 


a.  Flexion      aud  Extension. 

,T  •  r  (carpo  -  metacarpal 
Opponens  poUicis  <  ^  ■  '■■  ^ 
I  joint) 

Flexor  brevis  \  (carpo-metacarpal  and 
Adductors      j-  metacarpo-phalangeal 
Abductor       J  joint) 
Flexor  longus  pollicis  (all  joint.s) 

Extensor  ossis  meta-  J  (carpo-metacarpal 

carpi  pollicis        \  joint) 
Extensor  brevis  \  (carpo-metacarpal  and 

pollicis          \  nietacarpo-phalan- 

^                  J     geal  joint) 
Extensor  longus  pollicis  (all  joints) 

h.  Adduction      and  Abduction. 

Adductors  of  the  thumb 

Flexor  brevis  1     n-  • 
^                  }  pollicis 
Opponens  J 

First  dorsal  interosseous 

Abductor  pollicis 
Extensors  of  the  thumb 

c.  Circumduction — a  oonibination  of  the  above  muscles. 

The  characteristic  features  of  the  movements  of  the  upper  limb  are  their  range  and 
refinement.  The  hand,  in  addition  to  its  intrinsic  powers,  can  be  moved  through  a 
wide  range  and  in  several  planes  by  the  muscles  acting  on  tlie  wrist  and  radio-ulnar 
joints  ;  this  range  is  increased  by  the  fore  and  aft  movements  at  the  elbow-joint,  and  the 
extensive  movements  of  which  the  shoulder  and  clavicular  joints  are  capable.  The 
result  is  that  the  hand  can  be  brought  into  a  position  to  cover  and  guard  any  portion 
of  the  body.  The  precision  and  refinement  of  movement  is  made  possible  by  the  co- 
ordinate movements  of  the  various  muscles  acting  upon  the  several  joints,  so  that 
actions  can  be  performed  (as  eating)  in  which  all  the  articulations  of  the  limb  are  brought 
into  play  ;  while  others  (such  as  writing)  are  possible  by  movements  at  the  joints  of  tlie 
wrist  and  fingers  along  with  fixation  of  the  elbow-joint. 

THE  LOWER  LIMB. 

FASCIA  AND  MUSCLES  OF  THE  THIGH  AND  BUTTOCK. 

FASCIA. 

The  superficial  fascia  of  the  thigh  and  buttock  is  continuous  above  with  the 
fascia  of  the  abdomen  and  back,  internally  with  that  of  the  perineum,  and  below 
with  that  of  the  leg.    It  presents  noticeable  features  in  the  buttock  and  groin. 
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Inguinal  lyinpliatic  glands  ' 


Deep  layer  of  superficial  fascia 
Femoral  lymphatic  glands 


Genito-crural  nerve 
Superficial  layer  of 
superficial  fascia 

Internal  saphenous  vein 


layer  of 
superficial  fascia 
Superficial 
epigastric  vessels 
Superficial  layer  of 
superficial  fascia 

Su]ierior  external 
pudic  vessels 

Ilio-inguinal  nerve 
■matic  cord 


In  the  buttock  the  superficial  fascia  is  of  considerable  thickness,  and  usually 
loaded  with  fat,  whereby  it  assists  in  forming  the  contour  of  the  buttock  and  the 
fold  of  the  nates. 

In  the  groin  it  is  divisible  into  two  layers :  a  superficial  fatty  layer,  continuous 
with  a  similar  layer  on  the  front  of  the  abdominal  wall  above,  and  over  the 
perineum  internally,  and  a  deeper  membranous  layer,  which  is  attached  above  to 
the  inner  half  of  Poupart's  ligament,  and  to  the  deep  fascia  of  the  thigh  just  below 
the  outer  half  of  that  ligament.  Internally  it  is  attached  to  the  pubic  arch,  and 
below  the  level  of  Scarpa's  triangle  it  blends  inseparably  with  the  superficial 
fatty  layer.  The 
separation  of  these 
two  layers  of  the 
superficial  fascia 
is    occasioned  by 

tbp     -nrPSPTlPP     be-  Superficial  layer  of 

LUB     pi«bt;in.t!     ue  superficial  fascia 

tween  them  of  the 
femoral  and  in- 
guinal   lymphatic  Superficial  circumflex  iliac  vessels 

glands,  the  inter- 
nal saphenous  vein 
and  its  tributaries, 
and  some  small 
arteries.  The  at- 
tachment of  the 
deeper  layer  of  the 
fascia  to  the  pubic 
arch  and  Poupart's 
ligament  cuts  off 
the  superficial 
tissues  of  the  thigh 
from  the  perineum 
and  the  anterior 
abdominal  wall, 
and  prevents  the 

passage  down  the  thigh  of  fluid  collected  in  the  perineum  or  beneath  the  fascia  of 
the  anterior  abdominal  wall. 

The  deep  fascia  or  fascia  lata  forms  a  tubular  investment  for  the  muscles  and 
vessels  of  the  thigh  and  buttock.  It  is  firmly  attached  above  to  the  iliac  crest,  the 
great  sacro-sciatic  ligameat,  the  ischium,  the  pubic  arch,  the  pubic  symphysis  and 
crest,  and  Poupart's  ligament.  Below,  in  relation  to  the  knee,  it  is  continuous 
with  the  deep  fascia  of  the  leg,  gains  attachment  to  the  patella,  the  tuberosities  of 
the  tibia  and  the  head  of  the  fibula,  and  forms  the  lateral  ligaments  of  the  patella. 

On  the  front  of  the  thigh  the  deep  fascia  is  thick  and  strong.  It  is  pierced 
by  numerous  openings  for  vessels  and  nerves,  the  most  important  of  which  is 
the  saphenous  opening  for  the  internal  saphenous  vein.  A  femoral  hernia  passes 
through  this  opening  to  reach  the  anterior  abdominal  wall.  It  is  an  oval  opening 
of  variable  size  situated  just  below  the  inner  half  of  Poupart's  ligament,  and 
immediately  in  front  of  the  femoral  vessels.  It  is  covered  by  the  superficial 
fascia,  and  by  a  special  layer  of  fascia,  the  cribriform  fascia,  a  thin  perforated 
lamina,  attached  to  the  margins  of  the  opening.  The  outer  edge  of  the  opening  is 
formed  by  the  margin  of  the  iliac  portion  of  the  fascia  lata  which  is  attached 
above  to  the  iliac  crest  and  Poupart's  ligament ;  the  inner  edge  is  formed  by  the 
margin  of  the  ptcMc  portion  of  the  fascia  lata,  which  is  continued  upwards 
behind  the  femoral  sheath,  over  the  adductor  longus  and  pectineus  muscles  to 
the  ilio  pectineal  line  and  the  capsule  of  the  hip-joint.  These  two  layers  of  the 
fascia  lata  are  continuous  at  the  lower  concave  margin  of  the  saphenous  opening, 
forming  its  inferior  cornu.  As  they  pass  upwards  towards  the  pelvis  they  occupy 
different  planes,  the  iliac  portion  being  in  front  of  the  femoral  sheath,  the  pubic 
portion  of  the  fascia  behind  it.  The  superior  cornu  of  the  saphenous  opening,  placed 
22 


Fig.  248. 


-The  Groin.    Structures  between  the  Layers  of  the 
Superficial  Fascia. 


338 


THE  MUSCULAE  SYSTEM. 


in  front  of  the  sheath,  is  derived  solely  from  the  iliac  portion  of  the  fascia  lata. 
It  forms  a  strong  triangular  band  of  fascia  attached  above  to  the  inner  half  of 
Poupart's  ligament,  and  is  known  as  the  falciform  ligament.  It  has  an  important 
share  in  directing  the  course  of  a  femoral  hernia  upwards  on  to  the  abdominal 
wall. 

Internally  in  relation  to  the  adductor  muscles  of  the  thigh  the  fascia  lata 
becomes  much  thinner.  At  the  hnee  it  is  associated  with  the  tendons  of  the  vasti 
muscles,  and  forms  the  lateral  ligaments  of  the  patella,  attached  to  the  borders  of 
the  patella  and  to  the  tuberosities  of  the  tibia.    Externally  it  gives  rise  to  the 


Obliquus  extebnus  muscle 
Aponeurosis  of  obliquus  externus 
Iiitercolumnar  fibres 

Poupart's  ligament- 
Iliac  portion  of  fascia  lata 
External  cutaneous  nerve 

Falciform  ligament 
Crural  sheatli 
Femoral  vein 
Femoral  artei  \ 
Genito-orural  ner\ 
Inferior  cornu  of  saphenous 
opening 

Femoral  lymphatic  glaiul 
Internal  saphenous  vein 


Eleventh  thoracic  nerve 


Twelfth  thoracic  nerve 


 -H —  Ilio-hypogastrlc  nerve 

Intenm/  }  I''^''"'^  external  abdominal  ring 
External  abdominal  ring  and  spermatic  cord 

Suspensory  ligament  of  penis 
llio-inguinal  nerve 


Body  of  penis 

Dartos  muscle  of  scrotum 


Middle  cutaneous  nerve 

Middle  cutaneous  nerve  Pubic  portion  of  fascia  lata 

Fig.  249.— The  Groin — the  Structures  seen  o.n  eemoval  of  the  Superficial  Fascia. 

ilio-tibial  band — a  broad  thick  layer  of  fascia  which  is  attached  above  to  the  iliac 
crest,  and  receives  the  insertions  of  two  muscles  in  the  upper  part  of  the  thigh — 
the  tensor  fasciae  femoris,  and  part  of  the  gluteus  maximus ;  it  is  attached  below 
to  the  capsule  of  the  knee-joint  and  the  outer  tuberosity  of  the  tibia.  The  fascia 
beneath  the  tensor  fascite  femoris  muscle,  continued  upwards  from  the  ilio-tibial 
band,  sends  a  strong  band  inwards  which  joins  the  origin  of  the  rectus  femoris  and 
the  capsule  of  the  hip-joint. 

On  either  side  of  the  thigh  above  the  knee  an  intermuscular  septum  is 
formed ;  the  external  intermuscular  septum  extends  inwards  from  the  ilio-tibial  band 
to  the  external  supra-condyloid  ridge  of  the  femur,  and  gives  attachment  to  the 
vastus  externus  and  crureus  in  front,  and  the  short  head  of  the  biceps  behind.  The 
internal  intermuscular  septum  is  more  complex.  It  is  represented  by  a  layer  of  fascia 
which  forms  separate  envelopes  for  the  gracilis  and  sartorius  muscles,  and  in  the 
upper  and  middle  thirds  of  the  thigh  encloses  the  adductor  muscles.  In  the  lower 
third  of  the  thigh  it  is  for  the  most  part  replaced  by  the  tendon  of  the  adductor 
magnus ;  in  the  middle  third  of  the  thigh  the  fascia  is  specially  thickened  by- 
transverse  fibres  connecting  together  the  adductor  muscles  and  the  vastus  interuus. 
This  sheet  of  fascia  forms  a  special  aponeurosis  beneath  the  sartorius,  which  roofs 
over  the  femoral  artery  in  Hunter's  canal. 

The  fascia  lata  of  the  buttock  is  thick  anteriorly  in  relation  to  the  gluteus 
medius,  thinner  posteriorly  over  the  gluteus  maximus,  at  the  upper  border  of  which 
it  splits  to  enclose  and  assist  in  forming  the  insertion  of  the  muscle. 

On  the  back  of  the  thigh  and  over  the  popliteal  space  the  fascia  is  strengthened 
by  transverse  fibres  derived  from  the  hamstring  muscles.    The  popliteal  fascia 
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forming  the  roof  of  the  popliteal  space  is  specially  thick,  and  is  usually  pierced 
by  the  external  saphenous  vein. 

A  femoral  hernia  appears  in  the  thigh  through  the  saphenous  opening,  thereafter 
passing  upwards  over  Poupart's  ligament  to  the  anterior  abdominal  wall. 

Femoral  Sheath. — This  is  a  conical  membranous  investment  for  the  femoral 


Fig.  250. — SuPEKFiciAL  Muscles  of  the  Back. 


vessels,  prolonged  into  Scarpa's  triangle  beneath  Poupart's  ligament,  and  con- 
tinuous above  with  the  internal  fascial  lining  of  the  abdominal  wall,  formed  by 
the  fascia  transversalis  in  front  and  the  fascia  iliaca  behind.  The  sheath  is 
divided  into  three  compartments— an  external  space  for  the  artery,  an  inter- 
mediate space  for  the  vein,  and  an  internal  channel  containing  lymphatics,  and 
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named  the  crural  canal.  The  wall  of  this  is  known  as  the  crural  sheath.  This 
canal  is  the  passage  through  which  a  femoral  liernia  enters  the  thigh.  Its  upper 
limit  is  the  crural  ring,  placed  behind  Poupart's  ligament  in  front  of  the  origin  of 
the  pectineus  muscle  from  the  pubis ;  external  to  Gimbernat's  ligament,  and 
internal  to  the  femoral  vein.  In  front  of  it  the  fascia  transversalis  forming  the 
sheath  is  thickened  to  form  the  deep  crural  arch.  The  part  of  Poupart's  ligament 
in  front  of  the  ring  is  called  the  superficial  crural  arch.  The  deep  epigastric  artery 
separates  the  crural  ring  from  the  internal  abdominal  ring.  The  crural  canal 
ordinarily  contains  fat  which  is  continuous  above  with  the  extra-peritoneal  tissue. 
The  crural  ring  is  filled  by  a  plug  of  fat  or  a  lymphatic  gland,  constituting  the 
crural  septum. 

The  crural  canal  ends  behind  the  saphenous  opening,  covered  by  the  cribriform 
fascia ;  the  falciform  ligament  crosses  over  it  and  conceals  its  upper  portion.  The 
course  of  a  femoral  hernia  is  determined  by  this  band  of  fascia  lata.  The  hernia 
descends  through  the  crural  ring,  pushing  the  crural  septum  before  it ;  it  traverses 
the  crural  canal,  and  is  directed  forwards  through  the  saphenous  opening.  The 
anterior  part  of  the  hernia,  being  pressed  upon  and  retarded  by  the  crural  arches 
and  by  the  falciform  ligament,  the  posterior  part  pushes  onwards,  hooks  round  the 
falciform  ligament,  and  is  directed  upwards  over  Poupart's  ligament.  The  cover- 
ings of  a  femoral  hernia,  in  addition  to  peritoneum  and  extra -peritoneal  tissue 
(crural  septum),  are  crural  sheath,  cribriform  fascia,  superficial  fascia,  and  skin. 

THE  MUSCLES  ON  THE  FRONT  OF  THE  THIGH. 

The  muscles  on  the  front  of  the  thigh  include  the  sartorius,  quadriceps  extensor, 
ilio-psoas,  and  pectineus  muscles. 

The  sartorius,  a  long  strap-like  muscle  stretching  obliquely  across  the  thigh, 
arises  from  the  anterior  superior  spine  of  the  ilium  and  half  of  the  notch 
below  it.  It  passes  down  the  thigh  to  the  inner  side  of  the  knee,  where  it  is 
inserted  by  aponeurotic  fibres  into  the  inner  surface  of  the  shaft  of  the  tibia  just 
below  the  inner  tuberosity,  and  by  its  borders  into  fascial  expansions  which  join 
the  capsule  of  the  knee-joint  and  the  fascia  lata  of  the  leg. 

The  sartorius  is  superficial  in  its  whole  extent.  It  is  so  twisted  on  itself  that 
in  the  upper  third  of  its  length  its  superficial  surface  looks  forwards,  in  the  lower 
third  inwards  at  the  side  of  the  knee.  It  passes  diagonally  down  the  thigh,  separ- 
ating the  quadriceps  extensor  externally  from  the  adductor  muscles  internally.  Its 
upper  third  forms  the  outer  boundary  of  Scarpa's  triangle ;  its  middle  third  forms 
the  roof  of  Hunter's  canal ;  and  its  lower  third,  in  contact  with  the  inner  side  of  the 
knee,  is  separated  from  the  tendon  of  the  gracilis  muscle  by  the  long  saphenous 
nerve  and  a  branch  of  the  anastomotic  artery.  A  bursa  lies  beneath  the  tendon  at 
its  insertion.  The  sartorius  conceals  in  its  upper  third  the  external  circumflex 
artery  and  branches  of  the  anterior  canal  nerve,  and  it  covers  the  femoral  vessels 
in  Hunter's  canal. 

The  quadriceps  extensor  (m.  quadriceps  femoris)  lies  between  the  sartorius 
on  the  one  hand  and  the  tensor  fasciae  femoris  and  ilio-tibial  band  on  the  other ; 
it  is  composed  of  four  muscles — the  rectus  femoris,  vastus  externus,  crureus,  and 
vastus  internus. 

The  rectus  femoris  has  a  double  tendinous  origin.  (1)  The  straight  head 
arises  from  the  anterior  inferior  spine  of  the  ilium ;  (2)  the  reflected  head  springs 
from  a  rough  groove  on  the  dorsum  ilii  just  above  the  highest  part  of  the 
acetabulum.  A  bursa  lies  beneath  this  head  of  origin.  The  two  heads,  bound, 
together  and  connected  to  the  capsule  of  the  hip-joint  by  a  band  of  fascia  derived 
from  the  under  surface  of  the  tensor  fasciie  femoris  (ilio-tibial  band),  give  rise  to  a 
single  tendon  which  extends  for  some  distance  on  tlie  front  of  the  nmscle,  and  from 
which  the  muscular  fibres  arise.  The  muscular  fibres  springing  from  this  tendon, 
and  also  from  a  median  septal  tendon,  present  a  bipennate  arrangeinent,  and  end- 
below  in  a  broad  tendon  which  passes  upwards  for  some  distance  along  the  posterior 
surface  of  the  muscle.  This  tendon  gradually  narrows  towards  the  knee,  and 
spreading  out  again,  is  inserted  into  the  upper  border  of  the  patella.    It  receives 
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laterally  parts  of  the  insertions  of  the  vasti  muscles,  and  on  its  deep  surface  is 
joined,  by  the  tendinous  insertion  of  the  crureus. 

The  rectus  femoris  is  superficial  except  at  its  origin,  which  is  covered  by  the 
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Fig.  251. — The  Muscles  on  the  Front  of  the  Thigh. 

glutei,  tensor  fasciae  femoris,  and  sartorius  muscles.  On  its  inner  side  lie  the 
iliacus,  sartorius,  and  vastus  internus ;  on  its  outer  side  are  the  tensor  fasciae  femoris 
and  vastus  externus.  It  conceals  the  crureus  muscle  and  branches  of  the  external 
circumflex  artery  and  anterior  crural  nerve.    A  bursa,  which  communicates  with 
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the  syno\T.al  membrane  of  the  knee-joint,  lies  beneath  its  tendon  in  front  of  the 
lower  end  of  the  shaft  of  the  femur. 

The  vastus  externus  (m.  vastus  lateralis)  has  an  origin,  partly  fleshy,  partly 
membranous,  (1)  from  the  shaft  of  the  femur,  from  the  anterior  tubercle,  along 
the  lower  border  of  the  great  trochanter,  the  gluteal  ridge,  and  the  upper  half 
of  the  linea  aspera ;  and  (2)  from  the  fascia  lata  and  external  intermuscular 
septum. 

It  forms  a  thick  broad  muscle  directed  downwards  and  forwards,  and  is 
inserted  into  (1)  the  outer  border  of  the  tendon  of  the  rectus  femoris,  (2)  the  upper 
and  outer  border  of  the  patella,  and  (3)  the  capsule  of  the  knee-joint,  and  the 
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Fig.  252. — Transverse  Section  of  the  Thigh  (Hunter's  Canal). 

external  lateral  ligament  of  the  patella.  The  vastus  externus  is  covered  super- 
ficially by  the  fascia  lata  and  the  ilio- tibial  band.  A  bursa  intervenes  between 
it  and  the  membranous  insertion  of  the  gluteus  maximus :  at  its  inner  border  is 
the  rectus  femoris ;  and  along  its  outer  border,  but  on  a  deeper  level,  is  the 
crureus,  which  is  also  to  a  large  extent  concealed  by  the  muscle.  Between  the 
vastus  externus  and  crureus  is  the  descending  branch  of  the  external  circumflex 
artery. 

The  vastus  internus  (m.  vastus  medialis)  is  larger  than  the  vastus  externus 
and  has  a  more  extensive  origin,  from  (1)  the  shaft  of  the  femur,  from  the  anterior 
tubercle,  spiral  line,  linea  aspera,  and  the  upper  two-thirds  of  the  line  leading  from 
the  linea  aspera  to  the  internal  condyle  of  the  femur ;  (2)  the  membranous 
expansion  of  the  fascia  lata  which  lies  beneath  the  sartorius  and  forms  the  roof 
of  Hunter's  canal ;  and  (3)  the  internal  intermuscular  septum  and  tendon  of  the 
adductor  magnus. 

From  its  origin  the  muscle  is  directed  downwards  and  outwards  towards  the 
knee ;  it  is  inserted  into  (1)  the  inner  border  of  the  rectus  tendon,  (2)  the  upper 
and  inner  border  of  the  patella,  and  (3)  the  capsule  of  the  knee-joint  and  the 
internal  lateral  ligament  of  the  patella.  The  vastus  internus  is  superficial  except 
at  its  origin,  which  is  concealed  by  the  sartorius  and  femoral  vessels.  Along  its 
outer  side  are  the  rectus  and  crureus ;  the  muscle  conceals  tlie  inner  side  of  the 
shaft  of  the  femur  and  the  crureus,  with  which  it  is  closely  incorporated  in  its 
lower  two- thirds. 

The  crureus  muscle  (m.  vastus  intermedins)  arises  (1)  from  the  upper  two-thirds 
of  the  shaft  of  the  femur  on  the  anterior  and  external  surfaces,  (2)  from  the  lower 
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half  of  the  linea  aspera  and  upper  part  of  the  line  leading  therefrom  to  the 
external  condyle,  as  well  as  (3)  from  a  corresponding  portion  of  the  external 
intermuscular  septum. 

For  the  most  part  deeply  placed,  the  muscle  is  directed  downwards  to  an 
insertion  into  the  deep  surface  of  the  tendons  of  the  rectus  and  vasti  muscles  by 
means  of  fibres  which  join  a  membranous  expansion  on  its  surface. 

The  crureus  is  concealed  by  the  rectus  and  vasti  muscles,  and  by  the  ilio- 
tibial  band  externally,  in  the  lower  half  of  the  thigh.  It  is  closely  adherent  to  the 
vastus  externus  muscles  in  the  middle  third  of  the  thigh ;  it  is  inseparable  from 
the  vastus  internus  below  the  upper  third.  Beneath  the  crureus  is  the  femur ; 
and  in  the  lower  third  of  the  thigh  it  conceals  the  subcrureus  muscle,  a  bursa,  and 
the  upward  prolongation  of  the  synovial  membrane  of  the  knee-joint. 

The  subcrureus  consists  of  a  number  of  separate  bundles  of  muscular  fibres 
arising  beneath  the  crureus  from  the  lower  fourth  of  the  front  of  the  femur,  and 
inserted  into  the  synovial  membrane  of  the  knee-joint  beneath  the  tendon  of  the 
rectus  femoris. 

The  four  elements  composing  the  quadriceps  extensor  muscle  have  been  traced 
in  their  convergence  to  the  patella  and  the  lateral  ligaments  of  the  patella. 
Their  ultimate  insertion  is  into  the  tibia,  by  means  of  the  ligamentum  patellae, 
and  the  lateral  ligaments  of  the  patella.  The  patella,  indeed,  is  in  one  sense  a 
sesamoid  bone  formed  in  the  tendon  of  the  muscle,  the  ligamentum  patellte  being 
the  real  tendon  of  insertion,  and  the  lateral  ligaments  fascial  expansions  from 
its  borders.  The  insertion  of  the  muscle  forms  the  front  of  the  capsule  of  the 
knee-joint. 

The  ilio-psoas  muscle  is  a  compound  muscle,  consisting  of  one  or  sometimes 
two  elements  (psoas,  magnus  and  parvus)  connecting  the  femur  and  pelvic  girdle  to 
the  axial  skeleton  ;  and  another  element,  the  iliacus,  extending  between  the  pelvis 
and  the  thigh.  The  muscles  chiefly  occupy  the  posterior  wall  of  the  abdomen 
and  false  pelvis,  their  insertions  only  appearing  in  the  thigh  below  Poupart's 
ligament. 

The  psoas  magnus  (m.  psoas  major)  is  a  large  pyriform  muscle,  which  has  an 
extensive  origin  from  the  vertebral  column  in  the  lumbar  region.  It  arises  (1) 
from  the  intervertebral  discs  above  each  lumbar  vertebra,  and  from  the  adjacent 
margins  of  the  vertebra; — from  the  lower  border  of  the  12th  thoracic  to  the  upper 
border  of  the  5th  lumbar  vertebra;  (2)  it  arises  also  from  four  aponeurotic  arches 
which  pass  over  the  sides  of  the  bodies  of  the  first  four  lumbar  vertebrae ;  and  (3) 
it  has  an  additional  origin  posteriorly  from  the  transverse  processes  of  all  the 
lumbar  vertebrte.  The  fibres  form  a  fusiform  muscle  directed  downwards  over  the 
pelvic  brim  and  beneatlj  Poupart's  ligament,  ending  in  a  tendon  which  is  inserted 
into  the  apex  of  the  lesser  trochanter  of  the  femur. 

The  psoas  muscle  occupies  the  posterior  abdominal  wall,  the  false  pelvis  and 
the  thigh.  In  the  abdomen  it  lies  in  the  groove  alongside  the  bodies  of  the  lumbar 
vertebriB,  in  front  of  the  transverse  processes,  and  enveloped  by  a  fascia  derived 
from  the  lumbar  aponeurosis.  The  abdominal  viscera  in  contact  with  it  are : 
the  kidney  and  colon  on  both  sides,  with  the  duodenum  on  the  right,  and  the 
pancreas  on  the  left  side.  The  ureter  is  in  front  of  it,  along  with  the  spermatic 
or  ovarian,  the  renal  and  colic  vessels.  The  inferior  vena  cava  is  in  front  of  the 
right  muscle  ;  the  inferior  mesenteric  vein  is  in  front  of  that  of  the  left  side.  The 
lumbar  plexus  is  imbedded  in  its  substance,  and  the  nerves  of  distribution  emerge 
from  its  borders  and  surface.  In  the  false  pelvis  the  psoas  covers  the  pelvic  brim, 
and  is  covered  by  the  ureter,  the  iliac  vessels,  the  ileum  on  the  right  side,  and  the 
iliac  colon  on  the  left  side.  The  vas  deferens  and  spermatic  vessels  cross  over 
it  just  above  Poupart's  ligament.  In  Scarpa's  triangle  the  tendon  is  behind  the 
femoral  vessels,  between  the  iliacus  and  pectineus,  and  in  front  of  the  obturator 
externus  muscle  and  the  hip-joint.  A  bursa,  which  may  be  continuous  with  the 
synovial  cavity  of  the  hip-joint,  separates  the  tendon  from  the  pubis  and  the  capsule 
of  the  hip-joint. 

The  psoas  parvus  (m.  psoas  minor)  is  often  absent  (40  per  cent).  It  arises 
from  the  intervertebral  disc  between  the  last  thoracic  and  first  lumbar  vertebrae,  and 
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from  the  contiguous  margins  of  these  vertebrae.  It  forms  a  slender  fleshy  helly, 
its  margins  blending  with  the  fascia  covering  the  psoas  magnus,  and  is  inserted  by 
a  narrow  tendon  into  the  middle  of  the  ilio-pectineal  line  and  the  ilio-pectineal 
eminence. 

The  iliacus  muscle  arises  mainly  from  a  horseshoe-shaped  origin  around  the 
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margin  of  the  iliac  fossa ;  it  has  an  additional  origin  also  from  the  anterior  sacro- 
iliac and  iho-lumbar  ligaments.  It  is  a  fan-shaped  muscle,  its  fibres  passing  down- 
wards over  the  liip-joiut  towards  the  small  trochanter  of  the  femur.  It  is  inserted 
(1)  into  the  outer  side  of  the  tendon  of  the  psoas ;  (2)  into  the  concave  anterior 
surface  of  the  small  trochanter ;  and  (3),  by  its  most  external  hbres,  into  the  cap- 
sule of  the  hip-joint.  These  fibres  are  often  separate,  forming  the  iliacus  minor,  or 
ilio-capsularis.  The  .muscle  occupies  the  false  pelvis  and  Scarpa's  triangle.  It 
forms  the  liack  wall  of  the  false  pelvis,  covered  anteriorly  by  the  iliac  fascia,  and  is 
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in  contact  with  the  caecum  on  the  right  side  and  the  ihac  colon  on  the  left  side. 
The  psoas  muscle  lies  along  its  inner  border,  with  the  anterior  crural  nerve  in  the 
interval  between  them. 

After  passing  beneath  Poupart's  ligament,  and  over  the  capsule  of  the  hip-joint, 
the  muscle  occupies  the  outer  part  of  Scarpa's  triangle,  internal  to  the  sartorius  and 
rectus  femoris  muscles. 

The  pectineus  arises  from  the  sharp  anterior  portion  of  the  iho- pectineal 
line  of  the  pubis,  and  (sometimes)  from  the  triangular  surface  of  the  pubic 
bone  in  front  of  this.  Forming  a  broad  muscular  band,  it  is  directed  obliquely 
downwards,  backwards  and  outwards,  to  be  inserted  into  the  upper  half  of 
the  line  leading  from  the  small  trochanter  of  the  femur  to  the  linea  aspera ; 
its  lower  attachment  being  placed  in  front  of  the  insertion  of  the  adductor  brevis 
muscle. 

The  pectineus  forms  a  part  of  the  floor  of  Scarpa's  triangle.  Covered  by  the 
pubic  portion  of  the  fascia  lata,  it  is  partially  concealed  by  the  femoral  vessels  and 
the  insertion  of  the  ilio-psoas.  It  lies  in  front  of  the  pubic  bone,  the  obturator 
externus  and  adductor  brevis  muscles,  and  the  superficial  part  of  the  obturator 
nerve.  Its  outer  border  is  separated  from  the  psoas  by  the  internal  circumflex 
artery.  Its  inner  border  is  in  contact  above  with  the  adductor  longus :  separated 
from  it  below  by  the  deep  femoral  vessels.  The  muscle  may  be  occasionally  divided 
into  inner  and  outer  parts,  the  former  innervated  by  the  obturator,  the  latter  by 
the  anterior  crural  nerve. 


THE  MUSCLES  ON  THE  INNER  SIDE  OF  THE  THIGH. 

The  muscles  on  the  inner  side  of  the  thigh  include  the  adductors  of  the  femur — 
the  adductor  longus,  adductor  brevis,  and  adductor  magnus :  the  gracilis,  and  the 
obturator  externus. 

The  gracilis  muscle  is  a  long  flat  band  placed  on  the  inner  side  of  the  thigh 
and  knee.  It  arises  by  a  linear  origin  from  the  lower  half  of  the  edge  of  the 
symphysis  pubis,  and  for  a  similar  distance  from  the  adjoining  part  of  the  pubic 
arch.  Its  flattened  fleshy  belly  passes  down  on  the  inner  side  of  the  thigh  to 
the  knee,  where  it  ends  in  a  tendon,  inserted  into  the  inner  side  of  the  shaft  of 
the  tibia  just  below  the  inner  tuberosity,  behind  the  sartorius  and  above  the  semi- 
tendinosus.  It  is  separated  from  the  sartorius  tendon  by  a  bursa,  and  beneath  its 
tendon  is  another  bursa  common  to  it  and  the  semitendinosus. 

The  gracilis  is  superficial  in  its  whole  extent.  Its  deep  surface  covers  the 
borders  of  the  adductor  loiigus  and  adductor  magnus  muscles,  as  well  as  the  super- 
ficial part  of  the  obturator  nerve.  At  the  inner  side  of  the  knee  it  lies  between 
the  sartorius  and  semitendinosus. 

The  adductor  longus  is  a  triangular  muscle  arising  by  a  rounded  tendon  in 
the  angle  between  the  crest  and  symphysis  of  the  pubis.  Extending  downwards 
and  outwards,  it  is  inserted  into  the  middle  two- fourths  of  the  Hnea  aspera. 
Lying  in  the  same  plane  as  the  pectineus,  the  adductor  longus  is  in  contact  with 
that  muscle  near  its  origin,  but  is  separated  from  it  below  by  an  interval  through 
which  the  deep  femoral  vessels  pass.  Its  inner  border  is  in  contact  with  the 
gracilis  and  sartorius  muscles.  Its  anterior  surface  forms  part  of  the  floor  of 
Scarpa's  triangle  above,  part  of  the  floor  of  Hunter's  canal  below.  It  is  covered 
near  its  insertion  by  the  sartorius  and  the  femoral  vessels,  and  is  connected  to 
the  origin  of  the  vastus  internus  by  an  aponeurotic  expansion  of  fascia  beneath 
the  sartorius,  forming  the  roof  of  Hunter's  canal.  Its  posterior  surface  is  in 
relation  with  the  adductor  brevis  and  the  adductor  magnus  muscles,  the  deep 
femoral  vessels,  and  the  superficial  part  of  the  obturator  nerve.  The  adductor 
longus  may  be  double,  or  more  or  less  fused  with  the  pectineus.  , 

The  adductor  brevis  is  a  large  muscle  which  arises  from  the  body  of  the 
pubis  from  an  oval  surface  surrounded  by  the  other  muscles  of  this  group. 
Directed  downwards  and  outwards,  the  muscle  expands,  to  be  inserted  by  a 
linear  attachment  to  the  lower  two-thirds  of  the  line  leading  from  the  small 
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trochanter  of  the  femur  to  the  linea  aspera,  and  to  the  upper  fourth  of  the  linea 
aspera  itself. 

The  adductor  brevis  is  the  central  muscle  of  the  adductor  group.  It  is  almost 
wholly  concealed  by  the  pectineus  and  adductor  longus.  It  rests  upon  the 
adductor  magnus ;  at  its  upper  border  is  the  obturator  externus,  separated  from 
it  by  the  internal  circumflex  artery ;  at  the  lower  border  is  the  adductor  longus, 
separated  by  the  deep  femoral  artery.  It  separates  the  superficial  and  deep  parts 
of  the  obturator  nerve  in  their  course  down  the  thigh. 


BramOi  to  femoral  artery  Gracili.s 


Fro.  254. — Scheme  of  the  Course  and  Distribution  op  the  Obturator  Nerve. 

The  adductor  magnus,  the  largest  of  the  adductor  group,  is  a  roughly  tri- 
angular muscle  arising  by  a  curved  origin  from  the  lower  part  of  the  outer  border  of 
the  ischial  tuberosity  and  the  edge  of  the  pubic  arch,  its  most  anterior  fibres  arising 
between  the  obturator  externus  and  adductor  brevis.  Its  upper  fibres  are  directed 
horizontally  outwards  from  the  pubis  towards  the  upper  part  of  the  femur ;  the 
lowest  fibres  are  directed  downwards  from  the  ischial  tuberosity  to  the  internal 
condyle  of  the  femur ;  while  the  intermediate  fibres  radiate  obliquely  outwards  and 
downwards.  The  muscle  is  inserted  (1)  into  the  space  below  the  insertion  of 
the  quadratus  femoris,  above  the  linea  aspera ;  (2)  into  the  whole  length  of  the 
linea  aspera;  (3)  into  the  internal  supracondyloid  ridge  of  the  femur;  and  (4) 
into  the  internal  condyle  of  the  femur.  The  part  of  the  muscle  attached  to  the 
space  above  the  linea  aspera  is  often  separated  from  the  rest  as  the  adductor 
minimus.  The  attachment  of  the  muscle  into  the  supracondyloid  ridge  is  inter- 
rupted for  the  passage  of  the  femoral  vessels  to  the  popliteal  space.  The  attachment 
to  the  internal  condyle  is  by  means  of  a  strong  tendon  which  receives  the  fibres 
arising  from  the  ischium  (the  part  of  the  muscle  associated  with  the  hamstring 
group).  This  tendon  is  closely  connected  with  the  internal  lateral  ligament  of  the 
knee-joint. 

The  adductor  magnus  intervenes  between  the  other  adductor  muscles  in  front 
and  the  hamstring  muscles  behind.    It  is  concealed  anteriorly  by  the  pectineus, 
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adductor  brevis,  adductor  longus,  and  sartorius.  The  deep  femoral  artery  lies  on 
it  above.  It  forms  the  floor  of  Hunter's  canal  below,  where  the  femoral  vessels  lie 
upon  it.  The  hamstring 
muscles  and  great  sciatic 
nerve  are  behind  the  ad- 
ductor magnus ;  the  ob- 
turator externus  and 
quadratus  femoris  are  at 
its  upper  border ;  and  along 
its  inner  border  are  the 
gracilis  and  sartorius 
muscles. 

The  obturator  ex- 
ternus is  a  fan -shaped 
muscle  lying  horizontally 
in  the  angle  between  the 
hip  bone  and  the  neck  of 
the  femur.  It  arises  from 
the  inferior  half  of  the 
margin  of  the  thyroid 
foramen  and  the  corre- 
sponding portion  of  the 
outer  surface  of  the  ob- 
turator   membrane.  Its 


Origin  of  hamstring 

MUSCLES 


Adductor  magnus 


Gracilis 


fibres  converge  towards  the 
great  trochanter,  and  end 
in  a  tendon  which,  after 
passing  below  and  behind 
the  hip -joint,  is  inserted 
into  the  digital  fossa  of 
the  great  trochanter.  The 
inferior  surface  of  the 
muscle  is  in  contact  with 
the  pectineus,  adductor 
brevis,  and  adductor  mag- 
nus muscles,  separated 
from  them  by  the  internal 
circumflex  artery.  The 
superior  surface  is  in  con- 
tact with  the  obturator 
membrane  and  the  neck  of 
the  femur.  The  tendon 
lies  below  and  behind  the 
capsule  of.  the  hip -joint, 
and  near  its  insertion 
appears  in  the  buttock 
(beneath    the  gluteus 


Popliteal  vessels 


Semitendinosus 
Semimembranosu 
(insertion) 

Gracilis- 


Sartoriui 


Pyriformis 


Obturator  internus 

AND  GEMELLI 

Obturator  externus 
Quadratus  femoris 


Gluteus  maximus 
(insertion) 


liicEPS  (short  head) 


Biceps  (long  head) 


Gastrocnemius  (outer 
head) 


Fig.  255.- 


-The  Posterior  Surface  of  the  Thiqh  (superficial 
muscles  renioveil). 


maximus)  between  the  inferior  gemellus  and  quadratus  femoris  muscles. 


THE  MUSCLES  OF  THE  BUTTOCK. 

This  group  includes  the  three  glutei  muscles,  the  tensor  fasciae  femoris 
pyriformis,  obturator  internus  and  gemelli,  and  quadratus  femoris. 

The  gluteus  maximus  is  a  large  quadrilateral  muscle,  with  a  crescentic  origin, 
from  (1)  the  dorsum  ilii  above  the  superior  curved  line ;  (2)  the  tendon  of  the 
erector  spinse ;  (3)  the  posterior  surface  of  the  sacrum  and  coccyx  ;  and  (4)  the 
posterior  surface  of  the  great  sacro-sciatic  ligament.  The  fibres  of  the  muscle  are 
directed  obliquely  outwards  over  the  buttock,  invested  by  the  fascia  lata,  and  are 
inserted  partly  into  the  fascia  lata  over  the  great  trochanter  of  the  femur  (joining 
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the  ilio-tibial  band),  and  partly  into  the  gluteal  ridge.  The  fascia  lata  receives 
the  whole  of  the  superhcial  fibres  of  the  muscle  and  the  upper  half  of  the  deep 
fibres.  The  lower  half  of  the  deep  portion  of  the  muscle  is  inserted  for  the  most 
part  into  the  gluteal  ridge  ;  but  the  lowest  fibres  of  all  are  inserted  into  fascia  lata, 
and  are  thereby  connected  with  the  external  intermuscular  septum  and  the  origin 
of  the  short  head  of  the  biceps. 

The  gluteus  maximus  is  the  coarsest  and  heaviest  muscle  in  the  body.  By  its 
weight  it  helps  to  form  the  fold  of  the  nates.    It  is  superficial  in  its  whole  extent. 

The  gluteus  inedius  is  visible 
at  its  upper  border,  covered 
by  the  fascia  lata ;  at  its 
lower  border  the  hamstring 
muscles  and  great  sciatic 
nerve  appear  on  their  way 
down  the  thigh.  The  muscle 
conceals  the  bones  from 
which  it  arises,  along  with 
the  great  sciatic  ligament, 
the  ischial  tuberosity,  and 
the  great  trochanter.  It 
also  conceals  the  gluteus 
medius  and  pyriformis,  with 
a  branch  of  the  gluteal 
artery  between  them ;  the 
ol)turator  internus  and 
gemelli,  with  the  sciatic 
vessels  and  nerves,  the  pudic 
vessels  and  nerves,  and  the 
muscular  branches  of  the 
sacral  plexus  above  them, 
and  the  obturator  externus 
and  a  branch  of  the  internal 
circumflex  artery  below 
them;  thequadratus  femoris 
and  upper  part  of  the  ad- 
ductor magnus,  with  the 
internal  circumflex  artery 
between  them.  It  covers 
the  origins  of  the  hamstring  muscles,  and  by  its  insertion  into  the  fascia  lata,  the 
vastus  externus.  The  first  perforating  artery  pierces  the  attachment  of  the 
muscle  to  the  gluteal  ridge.  Three  bursas  are  beneath  it :  one  (not  always  present) 
over  the  tuberosity  of  the  ischium,  a  second  over  the  outer  side  of  the  great 
trochanter,  and  a  third  over  the  vastus  externus.  The  fibres  of  the  gluteus 
maximus  arising  from  the  coccyx  may  form  a  separate  muscle  (agitator  caudas). 

The  tensor  fasciae  femoris  (m.  tensor  fasciae  latae),  lying  on  the  same  p^ne  as 
the  gluteus  maximus,  arises  from  the  dorsum  ilii  external  to  the  anterior  superior 
spine  and  from  the  upper  part  of  the  notch  below  it.  Invested  like  the  gluteus 
maximus  by  the  fascia  lata,  it  is  inserted  about  the  level  of  the  great  trochanter  of 
the  femur  into  the  fascia,  forming  the  ilio-tibial  band. 

The  tensor  fasciae  femoris  muscle  is  superficially  placed,  and  is  isolated  in  a 
strong  investment  of  the  fascia  lata,  the  deeper  layer  of  which  is  prolonged  on.  to  the 
tendon  of  the  rectus  femoris  and  the  capsule  of  the  hip-joint.  The  muscle  is  placed 
along  the  anterior  borders  of  the  gluteus  medius  and  gluteus  minimus,  and  conceals 
branches  of  the  gluteal  and  external  circumflex  vessels  and  the  termination  of  the 
superior  gluteal  nerve.  The  sartorius  muscle  is  adjacent  to  it  anteriorly  at  its 
origin,  and  is  separated  below  by  the  rectus  femoris. 

The  gluteus  medius  arises  (1)  from  the  dorsum  ilii,  between  the  iliac 
crest  and  the  superior  curved  line  above  and  the  middle  curved  line  below,  and  (2) 
from  the  strong  fascia  lata  covering  its  surface  anteriorly.    It  is  a  fan-shaped 
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muscle,  its  fibres  converging  to  the  great  trochanter,  to  be  inserted  by  a  strong 
short  tendon  into,  a  diagonal  line  on  its  outer  surface. 

The  muscle  is  covered  along  its  anterior  border  by  the  tensor  fascia3  femoris.  Its 
surface  is  covered  over  by  the  fascia  lata  and  the  gluteus  maximus.  Its  inferior 
border  is  separated 
from  the  pyriformis 
muscle  by  the  super- 
ficial branch  of  the 
gluteal  artery.  Its 
deep  surface  is  in 
contact  with  the 
gluteus  minimus, 
the  gluteal  vessels, 
the  superior  gluteal 
nerve,  and  the  in- 
sertion of  the  pyri- 
formis. A  bursa  is 
placed  beneath  the 
tendon  at  its  inser- 
tion. 

The  gluteus 
minimus  arises  from 
the  dorsum  ilii  be- 
tween the  middle 
and  inferior  curved 
lines.  This  muscle 
is  fan -shaped,  and 
its  fibres  converge  to 
the  antero- superior 


Internal  pudic  ner 
Nerve  to  obturator 
internus 


Adductor  magn 

Hamstring  muscles 
(biceps) 


angle  of  the 
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Superior  gluteal  nerve 
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Fia.  257. — The  Muscles  and  Nekves  of  the  Buttock. 

The  gluteus  maximus  is  reflected, ;  and  the  gluteus  medius  is  cut  iu  part  to  sliow 
the  gluteus  minimus. 


trochanter,  to  be 
inserted  into  the 
outer  border  of  the 
■  anterior  surface  of 
the  trochanter,  and 

sometimes  also  into  the  front  part  of  the  upper  border.  It  is  also  inserted  into 
the  capsule  of  the  hip-joint.  The  muscle  is  concealed  by  the  tensor  fasciae  femoris 
and  gluteus  medius.  The  pyriformis  is  in  contact  with  its  inferior  border,  and 
beneath  it  are  the  capsule  o|  the  hip-joint  and  the  reflected  tendon  of  the  rectus 
femoxis  muscle.    A  bursa  is  placed  beneath  the  tendon  in  front  of  the  great  trochanter. 

The  pyriformis  is  one  of  the  few  muscles  connecting  the  lower  limb  to  the 
axial  skeleton.  It  arises  (1)  within  the  pelvis  from  the  pedicles  of  the  second, 
third,  and  fourth  sacral  vertebrte ;  passing  outwards  through  the  great  sacro-sciatic 
foramen,  it  receives  an  additional  origin  (2)  from  the  upper  margin  of  the  great 
sciatic  notch  of  the  ilium;  In  the  buttock  it  forms  a  rounded  tendon,  which  is 
inserted  into  a  facet  on  the  upper  border  of  the  great  trochanter  of  the  femur. 

The -pyriformis,  besides  appearing  in  the  buttock,  lines  the  posterior  wall  of  the 
pelvis.  In  the  pelvis  it  lies  behind  the  rectum,  covered  by  a  thin  layer  of  the 
parietal  pelvic  fascia.  In  the  buttock  it  is  covered  by  the  gluteus  maximus,  and 
at  its  insertion  by  the  gluteus  medius,  and  it  lies  upon  the  ilium  and  the  capsule 
of  the  hip-joint.  At  its  upper  border  are  the  gluteus  medius  and  gluteus  minimus, 
separated  by  the  superior  gluteal  nerve  and  the  gluteal  artery ;  its  lower  border 
is  separated  from  the  gemelli  and  obturator  internus  by  an  interval  in  which  the 
sciatic  and  pudic  vessels  and  the  nerves  of  the  sacral  plexus  appear.  The  anterior 
fibres  of  the  muscle  may  be  separate  (scansorius). 

The  obturator  internus  arises  on  the  pelvic  aspect  of  the  hip  bone,  from  (1)  the 
whole  of  the  margin  of  the  thyroid  foramen  (except  the  obturator  notch) ;  (2)  the 
surface  of  the  obturator  membrane  ;  (3)  from  the  smooth  surface  of  the  hip  bone 
behind  the  thyroid  foramen  ;  and  (4)  slightly  from  the  parietal  pelvic  fascia  covering 
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it  internally.  It  is  a  fan-shaped  muscle,  the  fibres  of  which,  converging  to  the 
lesser  sacro  -  sciatic  foramen,  give  rise  to  several  tendons  which  hook  round  the 
margin  of  the  foramen  (a  bursa  intervening),  and  after  traversing  the  buttock,  unite 
together  to  be  inserted  into  a  facet  on  the  inner  surface  of  the  great  trochanter 
of  the  femur  above  the  digital  fossa. 

In  the  pelvis  the  muscle  occupies  the  lateral  wall,  covered  by  the  parietal 
(obturator)  layer  of  pelvic  fascia,  which  separates  it  from  the  pelvic  cavity  above 
and  the  ischio-rectal  fossa  below.  It  is  separated  from  the  contents  of  the  pelvis, 
above  by  the  peritoneum  and  extra-peritoneal  fat,  below  by  the  fat  in  the  ischio- 
rectal fossa.  The  internal  pudic  vessels  and  nerve  cross  it  in  the  outer  wall  of  the 
fossa  in  a  special  sheath  of  the  fascia.  In  the  buttock  the  tendon  is  embraced  by 
the  gemelli  muscles  which  are  attached  to  its  upper  and  lower  margins.  The  tendon 
is  crossed  by  the  sciatic  vessels  and  nerves,  and  lies  upon  the  upper  and  back  part 
of  the  capsule  of  the  hip  joint. 

The  gemelli  muscles  form  accessory  portions  of  the  obturator  internus.  They 
are  two  in  number,  superior  and  inferior. 

The  superior  gemellus  arises  from  the  gluteal  surface  of  the  ischial  spine  and 
from  the  vipper  part  of  the  margin  of  the  lesser  sciatic  notch.  It  is  inserted  into 
the  upper  margin  and  superficial  surface  of  the  tendon  of  the  obturator  internus 
muscle. 

The  gemellus  inferior  arises  from  the  upper  part  of  the  gluteal  surface  of  the 
ischial  tuberosity  and  the  lower  part  of  the  margin  of  the  lesser  sciatic  notch.  It 
is  inserted  into  the  lower  margin  and  superficial  aspect  of  the  tendon  of  the 
obturator  internus. 

The  quadratus  ^^femoris  arises  from  the  outer  margin  of  the  ischial  tuberosity, 
and  is  inserted  into  the  quadrate  line  of  the  femur.  The  muscle  is  placed  beneath 
the  gluteus  maximus,  and  is  crossed  by  the  sciatic  vessels  and  nerves.  Its  origin  is 
concealed  by  the  hamstring  muscles.  Its  deep  surface  is  in  contact  with  the 
obturator  extern  us  muscle  and  the  small  trochanter  of  the  femur,  a  bursa  inter- 
vening. Its  upper  border  is  separated  from  the  inferior  gemellus  by  an  interval, 
containing  the  tendon  of  the  obturator  externus  and  the  ascending  branch  of  the 
internal  circumfiex  artery.  Its  lower  border  is  separated  from  the  upper  margin 
of  the  adductor  magnus  by  the  internal  circumflex  artery.  The  muscle  is  not 
infrequently  fused  with  the  adductor  magnus. 

THE  MUSCLES  ON  THE  BACK  OF  THE  THIGH. 
The  Hamstring  Muscles. 

The  muscles  comprised  in  this  series  include  the  biceps,  semitendiuosus  and 
semimembranosus.  A  part  of  the  adductor  magnus,  already  described,  belongs 
morphologically  to  this  group. 

The  biceps  flexor  cruris  (m.  biceps  femoris)  has  a  double  origin.  (1)  Its  long 
head  arises,  in  common  with  the  semitendiuosus,  from  the  lower  and  inner  facet 
upon  the  ischial  tuberosity  and  from  the  great  sacro-sciatic  ligament.  This  head, 
after  a  union  of  two  to  three  inches  with  the  semitendiuosus,  forms  a  separate  fleshy 
mass,  which  extends  to  the  lower  third  of  the  thigh,  to  end  in  a  tendon,  joined  by 
the  short  head  of  the  nmscle.  (2)  2'he  short  head  arises  separately  (1)  from  the  whole 
length  of  the  linea  aspera  and  the  upper  two-thirds  of  the  external  supracondyloid 
ridge  of  the  femur,  and  (2)  from  the  external  intermuscular  septum  for  a  corre- 
sponding extent.  The  upper  limit  of  its  origin  is  sometimes  blended  with  the 
insertion  of  the  lowest  fibres  of  the  gluteus  maximus.  The  fibres  of  the  short  head, 
directed  downwards,  join  the  tendon  of  the  long  head,  and  the  muscle  is  inserted 
(1)  into  the  head  of  the  fibula  by  a  strong  tendon,  split  into  two  parts  by  the  long 
external  lateral  ligament  of  the  knee-joint,  and  (2)  along  its  posterior  border,  by 
transverse  aponeurotic  fibres  which  connect  the  tendon  with  the  popliteal  fascia. 

At  its  origin  the  long  head  of  the  biceps  is  concealed  by  the  gluteus  maximus. 
In  the  lower  two-thirds  of  the  thigh  it  is  superficially  placed,  with  the  semitendi- 
nosus  and  semimembranosus  on  its  inner  side.    It  conceals  the  great  sciatic  nerve, 
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The  united  heads  assist  in  forming  the  outer 


Gracilis 


Adductor  magmi 


Semitendinosi  t 


SlSMIMEMBRANOSr: 


a,/ 


Pyriformis 


Obturator 
internus  and 

UEMELLI 

Obturator 
externus 

Gluteus 

MAXIMUS 

QUADRATUS 
FEMORIS 

-  Great  sciatic 
nerve 

iDDUCTOR 
I AGNUS 


HicErs  (long 
liead) 


I^icei's  (short 
liead) 


the  origins  of  the  semimembranosus  and  quadratus  femoris,  the  adductor  magnus, 
and  the  short  head  of  the  muscle, 
boundary  of  the  popliteal  space,  and 
partially  conceal  the  outer  head  of 
the  gastrocnemius. 

The  short  head  may  be  absent : 
there  may  be  an  additional  origin 
from  ischium  or  femur ;  and  the 
long  head  may  send  a  slip  to  the 
gastrocnemius  or  tendo  Achillis 
(tensor  fascite  suralis). 

The  semitendinosus  arises,  in 
common  with  the  long  head  of  the 
biceps,  from  the  lower  and  inner 
facet  upon  the  ischial  tuberosity. 
Separating  from  the  common  tendon 
after  a  course  of  two  or  three  inches, 
the  muscle  forms  a  long  narrow 
band  which  becomes  tendinous  in 
the  middle  third  of  the  thigh. 
Passing  over  the  inner  side  of  the 
knee,  it  spreads  out  and  becomes 
membranous,  and  is  inserted  into 
the  inner  side  of  the  shaft  of  the 
tibia  just  below  the  internal  tuber- 
osity, below  the  gracilis  and  behind 
the  sartorius.  A  bursa  separates  it 
from  the  sartorius  in  front,  and 
another,  common  to  it  and  the 
gracilis,  lies  beneath  its  insertion. 

The  origin  of  the  muscle  is 
concealed  by  the  gluteus  maximus. 
In  the  back  of  the  thigh  it  is  super- 
ficial to  the  semimembranosus  ;  and 
at  the  inner  side  of  the  knee  the 
tendon  lies  behind  that  of  the 
gracilis.  It  forms  one  of  the  inner 
boundaries  of  the  popliteal  space. 
The  belly  of  the  muscle  is  anarked 
by  an  oblique  septal  intersection 
about  its  middle. 

The  semimembranosus  arises 
by  a  tendon  from  the  upper  and 
outer  facet  on  the  ischial  tuberosity. 
In  the  upper  third  of  the  thigh  the 
tendon  gives  place  to  a  rounded 
fieshy  belly,  which,  becoming  ten- 
dinous at  the  back  of  the  knee,  is 
inserted  mainly  into  the  horizontal 
groove  on  the  back  of  the  inner 
tuberosity  of  the  tibia.  A  bursa 
lies  beneath  the  tendon  at  its 
insertion.  It  has  three  additional 
membranous  insertions:  (1)  a  fascial  band  extends  downwards  and  inwards  to 
join  the  posterior  border  of  the  internal  lateral  ligament  of  the  knee-joint ;  (2) 
another  fascial  band  extends  downwards  and  outwards,  forms  the  fascia  covering 
the  popliteus  muscle,  and  is  attached  to  the  oblique  line  of  the  tibia;  and  (3) 
another  band  extends  upwards  and  outwards  to  the  back  of  the  external  condyle 
of  the  femur,  forming  the  posterior  ligament  of  the  knee-joint. 


Sartorius  tendon- 


J  ibial  nerve 

liicEPS  tendon 
(along  with 
peroneal  nerve) 
Plantaris 


^Gastro- 
cnemius 


FiQ.  258. — The  Muscles  on  the  Back  of  thu  Thigh. 
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Tiie  tendon  of  origin  is  concealed  by  the  gluteus  maximiis,  and  immediately 
beyond  the  ischium  it  is  grooved  by  the  common  origin  of  the  long  head  of  the 
biceps  and  semiteudinosus.  In  the  back  of  the  thigh  it  is  covered  by  the  semi- 
tendinosus,  and  lies  iipon  the  adductor  magnus  and  great  sciatic  nerve.  It  forms 
part  of  the  inner  boundary  of  the  popliteal  space,  and  conceals  the  popliteal 
vessels.  Its  tendon  passes  over  the  inner  head  of  the  gastrocnemius  on  its  way 
to  its  insertion. 

Nerve  Supply  op  the  Muscles  of  the  Thigh  and  Buttock. 
The  innervation  of  the  muscles  described  above  is  given  in  the  following  table  : — 


Muscles. 


Pectineus.       .       .       .       .  . 

Sartorius ...... 

Iliacus  

Psoas  

Quadriceps  extensor 

Vastus  externus 

Eectus  femoris. 

Crureus   

Vastus  internus 
Tensor  fascite  femoris 
Gluteus  minimus    .       .       .  . 
Gluteus  medius       .       .       .  . 
Gluteus  maxinius 

Biceps  (short  head)  .  .  .  . 
Pyriformis  .  .  .  .  . 
Adductor  longus     .       .       .  . 

Gracilis  

Adductor  brevis  .  .  .  . 
Obturator  externus  .       .       .  . 

Adductor  magnus    .       .       .  . 

Semimembranosus  .  .  .  . 
Semiteudinosus  .  .  .  . 
Bicejjs  (long  head)  .... 
Quadratus  femoris  and  inferior 
gemellus 

Sujierior  gemellus   and  obturator 
internus 


Action  of  the  Muscles  op  the  Thigh  and  Buttock. 

Most  of  the  above  muscles  act  on  the  pelvis  and  on  the  hip-  and  knee-joints.  The  psoas 
muscle  acts  in  addition  on  the  vertebral  column. 

1.  Movements  at  the  Hip-Joint. — The  movements  of  the  tliigh  at  the  hip-joint  are  flexion 
and  extension,  adduction  and  abduction,  internal  and  external  rotation.  The  following  table 
gives  the  muscles  j)roducing  these  movements : — 


a.  Flexion      and  Extension. 


Sartorius 

Gluteus  maximns 

Iliacus 

,,  medius 

Psoas 

,,  minimus 

Eectus  femoris 

Biceps 

Pectineus 

Semitendinosus 

Adductor  longus 

Semimembranosus 

Gracilis 

Adductor  magnus 

Obturator  externus 

Nerves. 


►Anterior  crural 


Superior  gluteal 

Inferior  gluteal 
Peroneal 
Sacral  plexus 

'Obturator 


/  Obturator 

\  Nerve  to  hamstrings 

Nerve  to  hamstrings 


'Sacral  plexus 


Origin. 

L.  2.  3. 

L.  2.  3. 

L.  2.  3.  4. 

L.  2.  3.  4. 

L.  3.  4. 

L.  3.  4. 


L.  4.  5.  S.  1. 


L.  5.  S.  1.  2. 

L.  5.  S.  1.  2. 

S.  1.  2. 

L.  2.  3. 

L.  2.  3.  4. 

L.  3.  4. 

L.  3.  4. 

L.  3.  4. 

L.  4.  5.  S.  1. 

L.  4.  5.  S.  1. 

L.  5.  S.  1.  2. 
S.- 1.  2.  3. 

L.  4.  5.  S.  1. 

S.  1.  2.  3. 
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h.  Adduction      and  Abduction. 


Pectineus 

Tensor  fascias  femoris 

Adductor  longus 

Gluteus  niedius 

„  brevis 

Gluteus  minimus 

„  magnus 

Obturator  externus 

Gracilis 

Pyriformis 

Quadratus  femoris 

Obturator  internus 

Gluteus  maximus 

Gemelli 

during 
flexion 

(lower  fibres) 

Sartorius 

Gluteus  maximus 
(upper  fibres) 

c.  Internal  Botation      aud      External  Rotation. 


Tensor  fasciae  femoris 
Gluteus  medius  (anterior  fibres) 
„       minimus     „  „ 


extension 


Obturator  externus 

Gluteus  maximus  (lower  fibres) 

Quadratus  femoris 

Gluteus  medius    \  (posterior 

„       minimus  /fibres) 
Pyriformis  \ 
Obturator  internus  l-'^^^'^i^g 
Gemelli 
Sartorius 
Ilio-psoas 
Pectineus 
Adductor  longus 

„  brevis 

„  magnus 
Biceps 


2.  Movements  of  the  Pelvis  on  the  Thigh. — It  is  to  be  noted  that  the  several  movements 
tabulated  above  refer  to  the  movements  of  the  femur  at  the  hip-joint.  The  contraction  of  the 
same  groups  of  muscles  produces  similar  movements  of  the  pelvis  on  the  femur,  exemplified  in 
the  various  changes  in  the  attitude  of  the  pelvis  in  relation  to  the  tliigh  and  the  vertebral 
column,  which  occur  in  locomotion. 

3. i  Movements  at -the  .  Knee- Joint. — The  movements  at  the  knee-joint  are  mainly  flexion 
and  extension.  Flexion  is  much  more  powerful  than  extension.  There  is  also  a  limited  amount 
of  rotation  of  the  tibia.  The  movements  are  produced  by  certain  of  the  muscles  described  above, 
associated  with  certain  of  the  muscles  of  the  leg. 


a.  Flexion    aud  Extension. 

h.  Rotation  inwards  and  Rotation  outwards. 

Sartorius 
Gracilis 

Semitendinosus 

Semimembranosus 

Biceps 

Gastrocnemius 

Plantaris 

Popliteus 

Quetdriceps  extensor 

Sartorius 
Gracilis 

Semitendinosus 

Semimembranosus 

Popliteus 

Biceps  flexor  cruris 

THE  FASCIA  AND  MUSCLES  OF  THE  LEG  AND  FOOT. 

FASCIA. 

The  superficial  fascia  of  the  leg  presents  no  special  features  except  in  the 
sole,  where  it  is  greatly  thickened  by  pads  of  fat,  particularly  under  the  tuberosity 
of  the  OS  calcis,  and  under  the  balls  of  the  toes.  It  is  closely  adherent  to  the 
plantar  fascia,  especially  at  the  roots  of  the  toes. 

The  deep  fascia  has  numerous  important  attachments  about  the  knee. 
Posteriorly  it  forms  the  popliteal  fascia.  In  front  of  the  knee  it  is  attached  to  the 
patella,  the  ligamentum  patellae,  and  the  tubercle  of  the  tibia ;  laterally  it  is  con- 
nected to  the  tuberosities  of  the  tibia  and  the  head  of  the  fibula,  and  forms  the 
23 
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lateral  patellar  ligaments.  Passing  down  the  leg,  the  fascia  blends  over  the 
inner  surface  of  the  tibia  with  the  periosteum  of  the  bone.  It  extends  round 
the  outer  side  of  the  leg  from  the  anterior  to  the  internal  border  of  the  tibia, 
binding  together  and  giving  origin  to  the  muscles,  and  gaining  an  attachment  to 
the  lower  part  of  the  shaft  of  the  fibula.  Two  septa  pass  from  its  deep  surface  ; 
one  septum  is  attached  to  the  anterior  border  of  the  fibula,  encloses  the  musculo- 
cutaneous nerve,  and  separates  the  extensor  from  the  peronei  muscles.  The  other 
septum  is  attached  to  the  posterior  border  of  the  fibula,  and  separates  the  peronei 
from  the  flexor  muscles.  From  the  last-named  septum  another  extends  across  the 
back  of  the  leg,  forms  a  partition  between  the  superficial  and  deep  flexor  muscles, 
and  encloses  the  posterior  tibial  vessels  and  nerves.  It  gives  rise  to  subordinate 
septa  attached  to  the  vertical  line  of  the  tibia  and  the  oblique  line  of  the  fibula, 
which  separate  the  tibialis  posticus  muscle  from  the  flexors  of  the  toes  on  either 
side. 

At  the  ankle  the  deep  fascia  is  strengthened  by  additional  transverse  fibres ; 

it  is  attached  to 
the  malleoli  and 
the  OS  calcis,  and 
gives  rise  to  the 
annular  ligaments. 

The  internal 
annular  ligament 
stretches  between 
the  internal  mal- 
leolus and  the 
tuberosity  of  the 
OS  calcis.  While 
it  is  continuous  at 
its  upper  border 
with  the  general 
investment  of  the 
deep  fascia  of  the 
leg,  it  is  chiefly 
formed  by  the 
septal  layer  cover- 
ing the  deep  mus- 
cles on  the  back 
of   the   lea;.  It 


•Extensor  proprius  hallucis. 
Anterior  tibial  nerve  and 
dorsalis  jiedis  arter 
Extensor  longus  dioitoru 


Peroneus  tertius- 


Fibula' 

Interosseous  calcaneo- 
astragaloid  ligamenl~r4! 

Calcaneum 
Peroneus  brevis 
External  annular  ligament 

Peroneus  longus- 


Abductor  minimi  digiti 


Plantar  fascia- 


Anterior  annular  ligament 

I  IBIAI.IS  ANTICUS 


Tibia 


Astragalus 


Tibialis  posticus 

Internal  annular 
ligament 


I'l.EXOR  LONGUS 

dioitorum 


■  . — Internal  plantar  artery 
B7^yJ-Llnterna.\  plantar  nerve  . 


^^^^^>^Flexor  longus  hallucis 
[  ^  ^^Abductor  hallucis 


xternal  plantar  nerve 


I'/xternal  plantar  artery 

I'LEXOR  BREVIS  DIGITORUM 


ACCESSORIUS 


Fig.  259. — Coronal  Section  through  the  left  Ankle  Joint,  Astragalus, 
AND  Calcaneum. 

sometimes  gives 

insertion  to  the  plantaris  muscle.  It  is  continuous  below  with  the  plantar  fascia, 
and  gives  origin  to  the  abductor  hallucis  muscle.  It  is  pierced  by  the  calcanean 
vessels  and  nerve.  Along  with  the  posterior  tibial  vessels  and  nerve,  the  tendons 
of  the  tibialis  posticus,  flexor  longus  digitorum,  and  flexor  longus  hallucis,  pass 
beneath  it,  each  enclosed  in  a  separate  synovial  sheath. 

Tlie  external  annular  ligament,  much  smaller,  is  a  thickened  band  of  the 
deep  fascia  stretching  between  the  external  malleolus  and  the  os  calcis.  It  binds 
down  the  tendons  of  the  peronei,  which  occupy  a  space  beneath  the  ligament,  lined 
by  a  single  synovial  membrane. 

The  anterior  annular  ligament  is  in  two  parts.  An  upper  band,  broad  and 
undefined  at  its  upper  and  lower  borders,  stretches  across  the  front  of  the  ankle 
between  the  two  malleoli.  This  band  binds  down  to  the  lower  end  of  the  tibia 
the  tendons  of  the  tibialis  anticus  and  extensor  muscles  of  the  toes.  One  synovial 
sheath  is  found  beneath  it,  surrounding  the  tendon  of  the  tibialis  anticus. 

On  the  dorsum  of  the  foot,  where  the  general  covering  of  deep  fascia  is  much 
thinner,  a  special  well-defined  band  stretches  over  the  extensor  tendons.  This 
lower  band  of  the  anterior  annular  ligament  (fundiform  or  lanibdoid  ligament) 
has  an  attachment  externally  to  the  greater  process  of  the  os  calcis.  It  divides 
into  two  bands  as  it  passes  inwards  over  the  dorsum  of  the  foot — an  upper  part, 
which  joins  the  upper  ligament  and  is  attached  to  the  internal  malleolus,  and  a 
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lower  part,  which  passes  across  the  dorsum  of  the  foot,  and  joins  the  fascia  of  the 
sole  at  its  inner  border.  Beneath  this  ligament  are  three  special  compartments 
with  separate  synovial  sacs,  one  for  the  tibialis  anticus  tendon,  a  second  for  that 
of  the  extensor  proprius  hallucis,  and  a  third  for  the  extensor  longus  digitorum 
and  peroneus  tertius  tendons.  There  are  occasionally  other  additional  bands  of  the 
deep  fascia  passing  like  the  straps  of  a  sandal  across  the  dorsum  of  the  foot. 

The  plantar  fascia  is  of  great  importance.  In  the  centre  of  the  sole  it  forms 
a  thick  triangular  band,  attached  posteriorly  to  the  tuberosity  of  the  os  calcis.  It 
spreads  out  anteriorly  and  separates  into  five  slips,  which  are  directed  forwards  to 
the  bases  of  the  toes.  These  slips  as  they  separate  are  joined  together  by  ill-defined 
bands  of  transverse  fibres,  which  constitute  the  superficial  transverse  metatarsal 
ligament.  The  slip  for  each  toe  joins  the  tissue  of  the  web  of  the  toe  and  is 
continuous  with  the  digital 
sheath.  On  each  side  of  the 
toe  a  band  of  fibres  is  directed 
forwards,  to  be  attached  to  the 
side  of  the  metatarso-phalangeal 
articulation  and  the  base  of  the 
first  phalanx. 

This  central  portion  of  the 
plantar  fascia  assists  in  preserv- 
ing the  arch  of  the  foot,  by 
drawing  the  toes  and  the  os 
calcis  together. 

On  each  side  it  is  continuous 
with  a  much  thinner  layer 
which  covers  the  lateral  muscles 
of  the  sole,  and  joins  the  fascia 
of  the  dorsum  of  the  foot  at 
each  border.  It  also  gives  rise 
to  intermuscular  septa,  which 
pass  upwards  on  each  side  of 
the  flexor  brevis  digitorum, 
enclosing  that  muscle  in  a 
separate  sheath,  and  giving 
investments  on  either  side  to 
the  abductor  muscles  of  the 
great  and  little  toes.  At  the 
outer  border  of  the  footi  the 
calcaneo- metatarsal  ligament,  a  thickened  band  of  the  fascia,  connects  the 
tuberosity  of  the  os  calcis  with  the  base  of  the  fifth  metatarsal  bone. 

The  digital  sheaths,  though  smaller,  are  the  same  in  arrangement  as  those  of  the 
fingers.  Vaginal  ligaments  are  present  in  relation  to  the  first  and  second 
phalanges. 


Branches  of  internal 
plantar  nerve 


Inner  portion  ol 
plantar  fascia 

Thick  central  portion 
of  plantar  fascia 
Inner  portion  of 
plantar  fascia 


Connective  tissue  and 
fat  in  the  web  of  the 

toes 


^  Branches  of  external 
J  plantar  nerve 


Outer  portion  of 
plantar  fascia 

Branches  of  external 
plantar  nerve 


Outer  portion  of  plantar 
lascia 

Calcaneo-metatarsal 
liKament 


Fig.  260. — The  Plantar  Fascia  and  Plantar  Cutaneous 
Nerves. 
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The  muscles  of  the  leg  and  foot  are  divisible  into  three  series :  (1)  the  extensor 
muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot ;  (2)  the  peronei  on  the 
outer  side  of 
sole  of  the  foot, 


the  leg ;  and  (3)  the  flexor  muscles  on  the  back  of  the  leg  and  in  the 


The  Muscles  on  the  Front  of  the  Leg  and  Dorsum  of  the  Foot. 

The  muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot  include  two  groups : 
(1)  on  the  front  of  the  leg,  the  tibialis  anticus,  long  extensors  of  the  toes  and 
peroneus  tertius ;  and  (2)  on  the  dorsum  of  the  foot,  the  extensor  brevis  digitorum. 

The  tibialis  anticus  (m.  tibialis  anterior)  arises  from  the  upper  two- thirds 
of  the  outer  surface  of  the  tibia,  from  the  interosseous  membrane,  from  the 
fascia  over  it,  and  from  an  intermuscular  septum  externally.  The  muscle  ends  in 
23  a 
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a  strong  tendon  which  passes  over  the  dorsum  of  the  foot,  to  be  inserted  into  the 
internal  cuneiform  and  the  base  of  the  first  metatarsal  bone. 

The  muscle  is  superficially  placed  along  the  outer  side  and  front  of  the  tibia, 
internal  to  the  long  extensors  of  the  toes  and  the  anterior  tibial  vessels  and  nerve. 
Its  tendon  occupies  special  compartments  beneath  both  upper  and  lower  parts'  of 

the  anterior  annular  ligament,  enclosed  in  a 
separate  synovial  sac. 

The  tibio-fascialis  anticus  is  a  separated  jjortion 
of  the  muscle  occasionally  present,  inserted  into  tlie 
fascia  on  the  dorsnni  of  the  foot. 

The  extensor  longus  digitorum  arises 

from  the  outer  side  of  the  external  tuberosity 
of  the  tibia,  from  the  upper  two-thirds  or  more 
of  the  anterior  surface  of  the  fibula,  from  the 
fascia  over  it,  and  from  intermuscular  septa  on 
either  side.  It  gives  rise  to  a  tendon  which 
passes  beneath  the  anterior  annular  ligament, 
and  in  front  of  the  ankle  divides  into  four 
tendons,  inserted  into  the  four  outer  toes, 
exactly  in  the  same  way  as  the  corresponding 
tendons  in  the  hand  (see  p.  330).  They  form 
membranous  expansions  on  the  dorsum  of  the 
first  phalanx,  joined  by  the  tendons  of  the 
extensor  brevis  digitorum,  lumbricales,  and 
interossei,  which  separate  into  one  central  and 
two  lateral  slips,  attached  respectively  to  the 
middle  and  terminal  phalanges. 

The  muscle  is  superficial,  and  is  placed 
external  to  the  tibialis  anticus  and  extensor 
proprius  hallucis,  and  internal  to  the  peronei 
muscles.  The  musculo-cutaneous  nerve  is  on 
its  outer  side.  It  conceals  the  anterior  tibial 
vessels  and  nerve.  The  tendon  occupies  a 
separate  compartment  along  with  the  peroneus 
tertius  beneath  the  lower  part  of  the  anterior 
annular  ligament,  invested  by  a  special  synovial 
membrane. 

The  peroneus  tertius  is  a  separated  por- 
tion of  the  extensor  longus  digitorum.  It  is 
an  essentially  human  muscle.  It  arises  (in- 
separably from  the  extensor  longus  digitorum) 
from  the  anterior  surface  of  the  fibula,  and 
from  the  intermuscular  septum  external  to  it. 
The  tendon  of  the  muscle  is  inserted  into  the 
dorsal  aspect  of  the  base  of  the  fifth  metatarsal 
bone.  It  accompanies  the  extensor  longus 
digitorum  beneath  the  anterior  annular  liga- 
ment, and  lies  external  to  that  muscle  on  the 
dorsum  of  the  foot. 

The  extensor  proprius  hallucis  muscle 
(m.  extensor  hallucis  longus)  arises  from  the 
front  of  the  fibula  in  its  middle  three-fifths, 
and  for  a  corresponding .  extent  from  the  interosseous  membrane.  Its  tendon 
passes  over  the  dorsum  of  the  foot,  to  be  inserted  into  the  base  of  the  terminal 
phalanx  of  the  great  toe.  In  the  leg  the  muscle  is  deeply  placed  between  the 
tibialis  anticus  and  extensor  longus  digitorum.  It  conceals  the  anterior  tibial 
vessels  and  nerve,  and  crosses  the  termination  of  the  anterior  tibial  artery  in  front 
of  the  ankle  joint.    It  is  invested  by  a  special  synovial  sac  as  it  lies  beneath  the 
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Fig.  261. — Muscles  of  the  Front  of  the 
Right  Leg  and  Dorsum  of  the  Foot. 
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lower  part  of  the  anterior  annular  ligament.  On  the  dorsum  of  the  foot  the 
tendon  is  placed  on  the  inner  side  of  the  dorsalis  pedis  artery. 

The  extensor  longus  primi  internodii  and  extensor  ossis  metatarsi  hallucis  are  occaf5ioiial 
separate  slips  of  this  muscle  inserted  into  the  hones  of  the  great  toe. 

The  extensor  brevis  digitorum  arises  on  the  dorsum  of  the  foot  from  a  special 
impression  on  the  upper  surface  of  the  greater  process  of  the  os  calcis. 

It  usually  gives  rise  to  four  fleshy  bellies,  from  which  narrow  tendons  are 
directed  forwards  and  inwards,  to  be  inserted  into  the  four  inner  toes.  The  three 
outer  tendons  join  those  of  the  long  extensor  muscle  to  form  the  membranous 
expansions  on  the  dorsum  of  the  toes.  The  innermost  tendon  is  inserted  separately 
into  the  base  of  the  first  phalanx  of  the  great  toe. 

The  muscle  is  covered  by  the  lower  band  of  the  anterior  annular  ligament,  and 
by  the  tendons  of  the  extensor  longus  digitorum  and  peroneus  tertius ;  the  slip 
of  the  muscle  passing  to  the  great  toe  crosses  the  dorsalis  pedis  artery. 


Adductor  obliquus  hallucis 


The  Muscles  on  the  Outer  Side  of  the  Leg. 

The  muscles  on  the  outer  side  of  the  leg  comprise  the  peronei — longus  and  brevis. 

The  peroneus  longus  arises  from  the  upper  two-thirds  of  the  outer  surface  of 
the  fibula,  from  intermuscular  septa  on  either  side,  and  from  the  fascia  over  it. 
It  forms  a  stout  tendon,  which  hooks  round 
the  external  malleolus,  crosses  the  outer  side 
of  the  OS  calcis,  and  passing  through  the 
groove  on  the  cuboid  bone,  is  directed  across 
the  sole  of  the  foot,  to  be  inserted  into  the 
internal  cuneiform  and  the  base  of  the  first 
metatarsal  bones.  The  muscle  is  placed  super- 
ficially in  the  leg,  between  the  extensor  longus 
digitorum  and  peroneus  brevis  in  front  and 
the  soleus  and  flexor  longus  hallucis  behind. 
It  partially  conceals  the  peroneus  brevis,  along 
with  which  it  passes  beneath  the  external 
annular  ligament,  invested  by  a  common 
synovial  sheath.  As  it  enters  the  sole  of  the 
foot  a  Jibro -cartilage  is  formed  in  the  tendon, 
which  plays  over  a  smooth  tubercle  on  the 
cuboid  bone,  a  bursa  intervening.  In  its  pas- 
sage across  the  foot  the  tendon  is  enclosed 
in  a  fibrous  sheath  derivecl  from  the  inferior 
calcaneo-cuboid  ligaments  and  the  tibialis 
posticus  tendon,  and  is  concealed  by  the  first 
three  layers  of  the  muscles  of  the  sole. 

The  peroneus  brevis  arises  from  the 
lower  two-thirds  of  the  outer  surface  of  the 
fibula,  and  from  an  intermuscular  septum 
along  its  anterior  border.  Its  tendon  passes 
over  the  back  of  the  external  malleolus  and  the  outer  side  of  the  os  calcis,  to  be 
inserted  into  the  base  of  the  fifth  metatarsal  bone.  In  the  leg  the  peroneus  brevis 
lies  behind  the  extensor  longus  digitorum  and  peroneus  tertius,  and  in  front  of  the 
peroneus  longus,  which  partially  overlaps  it.  The  tendon  lies  directly  behind  the 
external  malleolus  beneath  the  external  annular  ligament,  invested  by  a  synovial 
sheath  common  to  it  and  the  peroneus  longus. 

The  peroneus  longus  and  brevis  may  be  fused  together,  or  additional  slips  may  be  present,  as 
peroneus  accessorius,  peroneus  quinti  digiti,  peroneo-calcaneus  externus,  and  peroneo-cuboideus. 
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Fig.  262. — The  Insertions  op  the  Peroneus 
Longus  and  Tibialis  Posticus  Muscles 
IN  the  Sole  op  the  Right  Foot. 


The  Muscles  on  the  Back  of  the  Leg. 


The  muscles  on  the  back  of  the  leg  are  divisible  into  two  layers :  (1)  a 
superficial  set,  consisting  of  the  gastrocnemius  and  soleus  (the  so-called  triceps 
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muscle  of  the  leg),  and  the  plautaris ;  and  (2)  a  deep  set,  consisting  of  the  popliteus, 
flexor  longus  digitorum,  tibialis  posticus,  and  flexor  longus  hallucis. 

The  gastrocnemius  arises  by  two  heads,  inner  and  outer,  by  means  of 
strong  tendons  (prolonged  over  the  surface  of  the  muscle)  from  the  lateral  surface 
of  each  condyle  of  the  femur  and  from  the  back  of  the  capsule  of  the  knee-joint. 
A  bursa  lies  beneath  each  tendon  of  origin.  Each  fleshy  belly  of  the  muscle  is  inserted 

into  a  broad  membranous  tendon,  pro- 
longed upwards  on  its  deep  surface  for 
some  distance.  The  inner  head  is  the 
larger. 

The  tendo  Achillis  is  formed  by  the 
union  of  the  two  membranous  inser- 
tions of  the  bellies  of  the  gastrocnemius. 
Prolonged  upwards  beneath  the  separ- 
ate bellies,  the  tendon  forms  a  broad 
membranous  band  connecting  together 
the  lower  parts  of  the  two  belUes. 
Narrowing  gradually,  and  becoming 
thicker  in  the  lower  half  of  the  leg, 
the  tendon  is  finally  inserted  into  the 
lower  half  of  the  posterior  surface  of 
the  OS  calcis.  A  bursa  lies  beneath  the 
tendon  at  its  insertion.  The  tendo 
Achillis  also  affords  insertion  to  the 
soleus  and  (sometimes)  the  plantaris 
muscles. 

The  gastrocnemius  is  superficial 
except  at  its  origin.  The  inner  head 
is  concealed  by  the  semitendinosus  and 
semimembranosus  muscles,  and  covers 
partially  the  lower  part  of  the  popliteal 
vessels  and  the  tibial  nerve.  It  forms 
part  of  the  inner  boundary  of  the 
popliteal  space.  The  outer  head  is 
concealed  partially  by  the  biceps  tendon 
and  the  peroneal  nerve,  and  covers  the 
plantaris  muscle,  the  popliteal  vessels, 
and  the  tibial  nerve.  It  forms  part  of 
the  outer  boundary  of  the  popliteal 
space.  The  two  bellies  are  for  the 
most  part  in  close  contact,  the  ex- 
ternal saphenous  vein  occupying  the 
interval  between  them.  The  tendo 
Achillis  in  the  lower  half  of  the  leg 
partially  conceals  the  soleus  and  the 
deeper  muscles.  The  plantaris  tendon 
lies  along  its  inner  border. 

The  plantaris  arises  from  the  ex- 
ternal supra -condyloid  ridge  of  the 
femur  for  about  an  inch  at  its  lower  end,  and  from  the  posterior  ligament  of  the 
knee-joint.  It  forms  a  narrow  fleshy  slip  which  ends  in  a  tendon  extending  down 
the  back  of  the  leg,  to  be  inserted  into  the  tuberosity  of  the  os  calcis,  or  the  tendo 
Achilhs,  or  the  internal  annular  hgament.  The  tendon  of  the  muscle  is  capable 
of  considerable  lateral  extension.  The  plantaris  lies  between  the  outer  head  of 
the  gastrocnemius  and  the  soleus,  and  crosses  the  popliteal  vessels  and  the  tibial 
nerve.  In  the  lower  half  of  the  leg  its  tendon  lies  along  the  inner  border  of  the 
tendo  Achillis.    Tlie  muscle  is  not  always  present. 

The  soleus  has  a  triple  origin:  (1)  from  the  posterior  surface  of  the  head  and 
the  shaft  of  the  fibula  in  its  upper  third ;  (2)  from  a  fibrous  arch  stretching  over 
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Fig.  2f)3. — The  Soleus  Muscle. 
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the  popliteal  vessels  and  tibial  nerve  between  the  tibia  and  fibula ;  and  (3)  from 
the  oblique  line  and  middle  third  of  the  inner  border  of  the  tibia.  From  this 
origin  the  upper  muscular  fibres  are  directed  downwards  to  join  a  tendon  placed 
on  the  superficial  aspect  of  the  muscle,  which  is  inserted  into  the  tendo  AchilHs ; 
the  lower  fibres  are  inserted  directly  into  the  tendo  Achillis  to  within  one  or  two 
inches  of  the  os  calcis. 

The  muscle  is  concealed  by  the  gastrocnemius,  plantaris,  and  tendo  Achillis  in 
nearly  its  whole  extent.    It  is  partially 

superficial  on  each  side  of  the  gastro-  ^  J  \ 

cnemius  and  tendo  Achillis.  The  muscle 
covers   the   tibialis   posticus   and  the 

1 1  If  J   A  VnW<^  '  \  '  iHilim  Semimembranosus 

flexor  muscles  of  the  toes  as  well  as  the  IFm  Mm  \  (^"t) 

posterior  tibial  vessels  and  nerve. 

The  deep  muscles  of  the  back  of  the 
leg  comprise  the  popliteus,  the  long 
flexors  of  the  toes,  and  the  tibialis 
posticus. 

The  popliteus  is  deeply  placed  be- 
hind the  knee.  It  arises  by  a  stout 
tendon  from  a  rough  impression  in  front 
of  a  groove  on  the  outer  aspect  of  the 
external  condyle  of  the  femur.  This 
tendon  passes  between  the  external 
semilunar  cartilage  and  the  capsule  of 
the  knee-joint,  and  pierces  the  posterior 
ligament,  from  which  it  takes  an  ad- 
ditional origin.  A  bursa  is  placed  be- 
neath the  tendon  which  communicates 
usually  with  the  synovial  cavity  of  the 
knee-joint.  The  muscle  is  inserted  (1) 
into  a  triangular  surface  on  the  back  of  Peroneus 
the  tibia  above  the  oblique  line,  and  (2) 
into  the  fascia  over  it  (the  popliteus 
fascia,  derived  from  the  tendon  of  the 
Semimembranosus  muscle).  The  pop- 
liteus is  covered  at  its  origin  by  the 
capsule  of  the  knee-joint.  Posteriorly 
it  is  concealed  by  the  gastrocnemius  and 
plantaris  muscles,  and  by  the  popliteal 
vessels  and  tibial  nerve.  Its  lower  border 
corresponds  to  the  point  of  bifurcation  of 
the  popliteal  artery  and  the  origin  of  the 
soleus  muscle. 
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Tlie  popliteus  minor  is  a  small  muscle 
attached  to  the  popliteal  space  of  the  femur 
and  the  posterior  ligament  of  the  knee-joint. 


Fig.  264. 


-The  Deep  Muscles  on  the  Back  of 
THE  Left  Leg. 


The  flexor  longus  digitorum  occu- 
pies both  the  back  of  the  leg  and  the  sole 
of  the  foot.  Its  origin  is  from  the  posterior  surface  of  the  tibia  in  its  middle  two- 
fourths,  from  the  fascia  over  it,  and  from  an  intermuscular  septa  on  each  side.  Its 
tendon,  after  passing  beneath  the  internal  annular  ligament,  enters  the  sole  of  the 
foot,  and  divides  into  four  subordinate  tendons,  which  are  inserted  into  the  four 
outer  toes  in  precisely  the  same  manner  as  the  flexor  profundus  digitorum  in  the 
hand.  Each  tendon  enters  the  digital  sheath  of  the  toe,  perforates  the  tendon  of 
the  flexor  brevis  digitorum,  and  is  inserted  into  the  base  of  the  terminal  phalanx. 
Ligamenta  accessoria  (longa  and  brevia)  are  present  as  in  the  hand.  Associated 
with  this  muscle  in  the  sole  of  the  foot  are  the  lumbricales  and  accessorius. 
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The  lumbricales  are  four  small  muscles  arising  in  association  with  the  tendons 
of  the  flexor  profundus  digitorum  in  the  sole.  The  first  muscle  arises  by  a  single 
origin  from  the  tibial  side  of  the  tendon  of  the  flexor  longus  digitorum  for  the 
second  toe ;  the  other  three  arise  by  two  heads  from  the  adjacent  sides  of  all  four 
tendons.  Each  muscle  is  inserted  into  the  dorsal  expansion  of  the  extensor  tendon, 
the  metacarpo-phalangeal  articulation,  and  the  base  of  the  first  phalanx,  precisely 
as  in  the  case  of  the  lumbrical  muscles  of  the  hand.  Each  muscle  passes  forwards 
on  the  tibial  side  of  the  corresponding  toe,  superficial  to  the  transverse  metatarsal 
ligament. 

The  accessorius  muscle  (m.  quadratus  plantae)  arises  "by  two  heads:  (1)  the 
outer  tendinous  head  springs  from  the  outer  border  of  the  inferior  surface  of  the 

OS  calcis ;  (2)  the  inner  head,  which 
is  fleshy,  arises  from  the  inner 
border  of  the  under  surface  of  the 
OS  calcis.  The  long  plantar  liga- 
ment separates  the  two  origins. 
The  two  heads  unite  to  form  a 
flattened  band,  which  is  inserted 
into  the  upper  aspect  of  the  tendons 
of  the  flexor  longus  digitorum,  and 
usually  into  the  tendons  destined 
for  the  second,  third,  and  fourth 
toes. 

In  the  leg  the  flexor  longus 
digitorum  lies  at  first  internal  to 
the  tibialis  posticus,  and  is  par- 
tially concealed  by  the  soleus  and 
tendo  Achillis.  Its  tendon  crosses 
over  the  tibialis  posticus  above 
the  ankle,  passes  beneath  the  in- 
ternal annular  ligament,  invested 
by  a  special  synovial  sheath,  and 
below  the  ligament  crosses  the 
plantar  or  superficial  surface  of 
the  tendon  of  the  flexor  longus 
hallucis.  As  it  passes  over  this 
tendon  it  receives  from  it  a  special 
band  of  fibres  usually  associated 
with  the  tendons  for  the  second 
and  third  toes. 

In  the  sole  of  the  foot  the  tendons 
of  the  flexor  longus  digitorum, 
along  with  the  lumbricales  and 
accessorius,  and  the  flexor  longus 
hallucis,  constitute  the  second  layer 
of  muscles  of  the  sole.  They  are  placed  between  the  abductors  of  the  great  and 
little  toes  and  the  flexor  brevis  digitorum  on  the  one  hand,  and  the  flexor  brevis 
and  adductors  of  the  great  toe  on  the  other. 

The  flexor  longus  hallucis  arises  on  the  back  of  the  leg  from  the  lower  two- 
thirds  of  the  posterior  surface  of  the  fibula,  from  the  fascia  over  it,  and  from  inter- 
muscular septa  on  either  side.  Its  tendon  passes  beneath  the  internal  annular 
ligament  enclosed  in  a  special  synovial  sheath,  and  after  grooving  the  back  of  the 
lower  end  of  the  tibia,  the  astragalus,  and  the  under  surface  of  the  sustentaculum 
tali  of  the  os  calcis,  it  is  directed  forwards  in  the  sole  of  the  foot,  to  be  inserted  into 
the  base  of  the  terminal  phalanx  of  the  great  toe. 

The  muscle  is  partially  concealed  in  the  leg  by  the  soleus  and  tendo  Achillis. 
It  lies  at  its  origin  between  the  tibialis  posticus  and  the  peronei  muscles,  separated 
from  the  former  by  the  peroneal  artery.  In  the  foot,  concealed  by  the  abductor 
hallucis,  it  crosses  over  the  deep  aspect  of  the  tendon  of  the  flexor  longus 


Fig.  265. — The  Muscles  of  the  Right  Foot  (after 
removal  of  the  first  laj'er). 
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digitorum,  to  which  it  is  connected  by  a  strong  fibrous  band  destined  for  the 
tendons  for  the  second  and  third  toes.  At  the  root  of  the  great  toe  the  tendon 
occupies  the  interval  between  the  insertions  of  the  flexor  brevis  halhicis. 

The  tibialis  posticus  muscle  (m.  tibialis  posterior)  has  a  fourfold  origin  in  the 
leg.  It  arises  (1)  from  the  middle  three-fifths  of  the  shaft  of  the  fibula  between 
the  oblique  hue  and  the  interosseous  border ;  (2)  from  the  middle  third  of  the  back 
of  the  tibia  between  the  vertical  line  and  the  interosseous  border ;  (3)  from  the 
interosseous  membrane ;  and  (4)  from  the  fascia  over  it  and  the  septa  on  either 
side.  The  muscle  gives  rise  to  a  strong  tendon  which  passes  beneath  the  internal 
annular  ligament,  invested  by  a  special  synovial  sheath,  and  grooves  the  back  of 
the  internal  malleolus,  on  its  way  to  the  inner  border  of  the  foot.  Its  tendon  then 
spreads  out  and  is  inserted  by  three  bands 
into  (1)  the  navicular  and  internal  cunei- 
form bones,  (2)  the  second,  third,  and  fourth 
metatarsal  bones,  the  middle  and  external 
cuneiform  and  the  cuboid  bones,  and  (3) 
by  a  recurrent  slip  into  the  inner  border  of 
the  sustentaculum  tali  of  the  os  calcis 
(Fig.  262). 

In  the  leg  the  tibialis  posticus  is  con- 
cealed, as  it  lies  on  the  interosseous  mem- 
brane between  the  tibia  and  fibula,  by  the 
superficial  muscles  and  the  posterior  tibial 
vessels  and  nerve.  It  lies  between  the 
flexor  longus  hallucis  and  flexor  longus 
digitorum,  and  is  crossed  by  the  tendon  of 
the  latter  muscle  just  above  the  ankle.  In 
the  foot  its  tendon  is  covered  by  the  long 
flexor  tendons  and  by  the  short  flexor 
muscles  of  the  great  toe.  The  tendon  is 
in  contact  with  the  inferior  calcaneo- 
navicular ligament  in  the  interval  between 
the  sustentaculum  tali  and  the  navicular 
bone. 

The  peroneo-calcaneus  muscle,  when  present, 
arises  from  the  fibula,  and  is  inserted  into  the  os 
calcis. 


Abductor 

MINIMI 
DIGITI 


Flexor 

BBEVIS 

digitorum 


LANTAR  FASCIA 


Fig.  266. — The  Muscles  of  the  Right  Foot 
(after  removal  of  the  plantar  fascia). 


The  Muscles  in  the  Sole  of  the  Foot. 

The  muscles  in  the  sole  of  the  foot  are 
divisible  into  four  layers  placed  beneath 
the  plantar  fascia. 

First  layer :  Abductor  hallucis,  flexor 
brevis  digitorum,  abductor  minimi  digiti. 

Second  layer :  Lumbricales  and  accessorius,  together  with  the  tendons  of  the 
flexor  longus  hallucis  and  flexor  longus  digitorum. 

Third  layer :  Flexor  brevis  hallucis,  adductors  of  the  great  toe,  and  flexor 
brevis  minimi  digiti. 

Fourth  layer :  luterossei  (plantar  and  dorsal). 

The  abductor  hallucis  has  a  double  origin  from  (1)  the  greater  tubercle  on 
the  tuberosity  of  the  os  calcis,  and  (2)  the  internal  annular  ligament  and  plantar 
fascia.  Lying  superficially  along  the  inner  border  of  the  sole,  its  tendon  is  inserted, 
along  with  part  of  the  flexor  brevis  hallucis,  into  the  inner  side  of  the  first  phalanx 
of  the  great  toe.  The  muscle  lies  beneath  the  plantar  fascia,  internal  to  the  flexor 
brevis  digitorum,  and  conceals  the  plantar  vessels  and  nerves,  and  near  its  origin 
the  long  flexor  tendons. 

The  flexor  brevis  digitorum  has  likewise  a  double  origin :  (1)  from  the 
fore-part  of  the  greater  tubercle  of  the  tuberosity  of  the  os  calcis,  and  (2)  from 
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the  thick  central  part  of  the  plantar  fascia  which  covers  it  and  the  intermuscular 
septa  on  either  side.  Passing  forwards,  it  gives  rise  to  four  slender  tendons,  which 
are  inserted  into  the  second  phalanges  of  the  four  outer  toes,  after  having  been 
perforated,  just  as  in  the  case  of  the  tendons  of  the  flexor  sublimis  digitorum  of 
the  hand,  by  the  long  flexor  tendons.  Placed  in  the  centre  of  the  sole  beneath 
the  plantar  fascia,  and  between  the  abductor  hallucis  and  abductor  minimi  digiti 
muscles,  it  conceals  the  second  layer  of  muscles  and  the  external  plantar  vessels 
and  nerve. 

The  abductor  minimi  digiti  (m.  abductor  digiti  quinti)  has  also  a  double 
origin :  (1)  from  both  tubercles  on  the  tuberosity  of  the  os  calcis,  and  (2)  from 


the  plantar  fascia  and  calcaneo-meta tarsal  ligament. 


Adductor 
tkansvershs 
hallucis 


Intkrossei 

Flexor 
brevis  minimi 
dk;iti 


ACCKSSORIUS  ^ 


It  lies  along  the  fifth  meta- 
tarsal bone,  and  is  inserted 
into  the  outer  side  of  the 
first  phalanx  of  the  little  toe. 
It  partially  conceals  the  flexor 
brevis  minimi  digiti,  and  lies 
on  the  outer  side  of  the 
flexor  brevis  digitorum. 

The  tendons  of  the  long 
flexors  of  the  toes,  the 
lumbricales  and  accessorius 
muscles,  constituting  the 
second  layer  of  muscles,  have 
already  been  described. 
Lying  beneath  the  abductor 
hallucis  and  the  flexor  brevis 
digitorum,  and  separated 
from  them  by  the  plantar 
vessels  and  nerves,  they 
occupy  the  hollow  of  the 
tarsus  and  the  space  between 
the  first  and  fifth  metatarsal 
bones ;  their  deep  surfaces 


Flexor  i.oNaus  digitorum  are  in  contact  with  the  ad- 


ductors of  the  great  toe  and 


Adductor  obliquus 
hallucis 


1'  LliXOR  BREVIS  HALLUCIS 


Tibialis  posticus 
Flexor  lonous  hallucis 


Fig.  267. — The  Muscles  of  the  Riciht  Foot  (after  removal  of  the 
second  layer). 


the  interossei  muscles. 

The  flexor  brevis  hallucis 
arises  (1)  from  the  inner  sur- 
face of  the  cuboid  bone,  and 
(2)  from  the  tendon  of  the 
tibialis  posticus.  Directed 
forwards  over  the  first  meta- 
tarsal bone,  the  muscle  separ- 
ates into  two  parts,  between 
which  is  the  tendon  of  the 
flexor  longus  hallucis.  Each  portion  gives  rise  to  a  tendon  which  is  inserted  into 
the  corresponding  side  of  the  base  of  the  first  phalanx  of  the  great  toe ;  in  each 
tendon,  under  the  metatarso-phalangeal  articulation,  a  sesamoid  bone  is  developed. 
The  inner  tendon  is  united  with  the  insertion  of  the  abductor,  the  outer  tendon 
with  the  insertions  of  the  adductor  muscles  of  the  great  toe. 

The  adductor  obliquus  hallucis  arises  (1)  from  the  sheath  of  the  peroneus 
longus,  and  (2)  from  the  heads  of  the  third  and  fourth  metatarsal  bones.  Occupy- 
ing the  hollow  of  the  foot,  deeper  than  the  long  flexor  tendons  and  lumbricales,  and 
separated  from  the  interossei  by  the  plantar  arch,  it  is  placed  on  the  outer  side  of 
the  flexor  brevis  hallucis,  and  is  directed  obliquely  inwards  and  forwards,  to  be 
inserted  on  the  outer  side  of  the  base  of  the  first  phalanx  of  the  great  toe  between 
and  along  with  the  flexor  brevis  and  adductor  transversus  hallucis.  The  muscle 
forms  one  side  of  a  triangular  space  in  the  sole  through  which  the  external 
plantar  vessels  and  nerve  pass. 
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The  adductor  transversus  hallucis  arises  from  (1)  the  capsules  of  the  outer 
four  metatarso-phalangeal  articulations  and  (2)  the  transverse  metatarsal  ligament. 
Directed  transversely  inwards,  under  cover  of  the  flexor  tendons  and  lumbricales, 
the  muscle  is  inserted,  along  with  the  adductor  obliquus  (from  which  it  is 
separated  by  an  angular  interval),  into  the  outer  side  of  the  base  of  the  first 
phalanx  of  the  great  toe. 

The  flexor  brevis  minimi  digiti  (m.  flexor  brevis  digiti  quinti)  arises 
from  (1)  the  sheath  of  the  peroneus  longus,  and  (2)  the  base  of  the  fifth 
metatarsal  bone.  Partially  concealed  by  the  adductor  minimi  digiti,  the  muscle 
passes  along  the  fifth  metatarsal  bone,  to  be  inserted,  in  common  with  that  muscle, 
into  the  outer  side  of  the  base  of  the  first  phalanx  of  the  little  toe. 

The  interossei  muscles  of  the  foot  resemble  those  of  the  hand  except  in  one 
respect.  In  the  hand  the  line  of  action  of  the  muscles  is  the  middle  line  of  the 
middle  finger.  In  the  foot  the  second  toe  is  the  digit  round  which  the  muscles  are 
grouped,  and  their  attach- 
ments and  actions  differ 
accordingly. 

There  are  four  dorsal 
and  three  plantar 
muscles,  which  occupy 
together  the  four  inter- 
osseous spaces,  and  pro- 
ject into  the  hollow  of 
the  foot. 

The  four  dorsal  mus- 
cles, one  in  each  inter- 
osseous space,  arise  by 
two  heads  each  from  the 
shafts  of  the  metatarsal 
bones.  Each  gives  rise 
to  a  tendon,  which,  after 
passing  above  the  trans- 
verse metatarsal  liga- 
ment, is  inserted  on  the 
dorsum  of  the  foot  into 
the  side  of  the  first 

phalanx,  the  metatarso-phalangeal  capsule,  and  the  dorsal  expansion  of  the  extensor 
tendon.  The  first  and  second  muscles  are  inserted  into  the  second  toe  on  the  tibial 
and  fibular  sides  respectively.  The  third  and  fourth  muscles  are  inserted  into  the 
third  and  fourth  toes  on  their  fibular  sides. 

The  three  plantar  muscles  occupy  the  three  outer  interosseous  spaces.  Each 
arises  by  a  single  head  from  the  tibial  side  of  the  third,  fourth,  and  fifth  metatarsal 
bones  respectively.  Each  ends  in  a  tendon  which  passes  beneath  the  transverse 
metatarsal  ligament,  and  is  inserted,  in  the  same  manner  as  the  dorsal  muscles,  into 
the  third,  fourth,  and  fifth  toes  on  their  tibial  side. 


Fig.  268. — Interosseous  Muscles  of  the  Foot. 
A,  Dorsal  muscles  of  the  left  foot  :  B,  Plantar  muscles  of  the  rieht  foot. 


Nbbvb-Supplt  of  the  Muscles  of  the  Leg  and  Foot. 


Muscles. 


Tibialis  anticus 

Extensor  proprius  haUucis 

Extensor  longus  digitoruni 

Peroneus  tertius 

Peroneus  longus 

Peroneus  brevis 

Extensor  brevis  digitorum 

Plantaris 

Popliteus 

Gastrocnemius 

Soleus  .... 


Nerves. 


I  anterior  tibial  . 

j-musculo-cutaneous 
anterior  tibial  . 


tibial . 


Origin. 


VL.  4.  5.  S.  1. 


L.  4.  5.  S.  1. 


} 

|S.  1.  2. 
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Nerve-Supply  of  the  Muscles  of  the  Leg  and  Foot — continued. 


Muscles. 

Nerves. 

Origin. 

Soleus  ...... 

Flexor  lougus  digitoraiu 

Tibialis  posticus  .... 

Flexor  longus  liallucis  . 
Abductor  hallucis  .... 

Flexor  brevis  digitonini 
Flexor  brevis  hallucis  . 
First  Luinbricalis  .... 

Second,  third,  and  fourth  luiubri- 
cales 

Flexor  accessorius  .... 
Adductores  hallucis 

Interossei  

Flexor  brevis  minimi  digiti  . 
Abductor  minimi  digiti 

l^posterior  tibial .  | 
1  internal  plantar 

) 

.external  plantar 

J 

L.  5.  S.  1.  2. 
L.  5.  S.  1. 
L.  5.  S.  1. 
L.  5.  S.  1.  2. 

L.  4.  5.  S.  1. 
S.  1.  2. 

Action  op  the  Muscles  of  the  Leg  and  Foot. 

Tlie  muscles  of  the  leg  and  foot  act  chiefly  in  the  movements  of  the  ankle-joint  (assisted  by 
movements  of  the  inter-tarsal  joints) ;  of  the  metatarso-phalangeal  joints  (assisted  by  movements 
of  the  tarso-metatarsal  and  inter-nietatarsal  joints) ;  and  of  the  inter-phalangeal  joints  of  the 
several  toes. 

I.  Tibio-Fibular  Articulations. — The  upper  tibio-fibular  articulation  is  only  capable  of 
slight  gliding  movement,  occasioned  by  the  action  of  the  biceps  and  popliteus  and  the  muscles 
arising  from  the  fibula. 

II.  Movements  at  the  Ankle-Joint. — The  movements  at  the  ankle-joint  are  movements  of 
flexion  and  extension  of  the  foot  on  the  leg,  along  with  inversion  and  eversion  (only  during 
extension).  These  movements  are  produced  at  the  ankle,  aided  by  movements  in  the  inter-tarsal 
joints,  and  are  occasioned  by  the  following  muscles  : — 


a.  Flexion. 

Extension. 

b.  Inversion. 

Eversion. 

Tibialis  anticus 
Extensor  communis  digitorum 
Extensor  proprius  hallucis 
Peroneus  tertius 

Gastrocnemius 

Plantaris 

Soleus 

Tibialis  posticus 
Peroneus longus 
Peroneus  brevis 
Flexor  longus  digitorum 
Flexor  longus  hallucis 

Tibialis  anticus 
Tibialis  posticus 

Peroneus  tertius 
Peroneus  longus 
Peroneus  brevis 

III.  Movements  of  the  Toes— ^.  At  the  Metatarso-Phalangeal  Joints  (assisted  by  move- 
ments at  the  tarso-metatarsal  and  inter-metatarsal  joints). — These  movements  are  flexion  and 
extension,  abduction  and  adduction  (in  a  line  corresponding  to  the  axis  of  the  second  toe). 


a.  Flexion. 

Extension. 

Flexor  longus  digitorum 

Accessorius 

Lumbricales 

Flexor  longus  hallucis 

Flexor  brevis  hallucis 

Flexor  brevis  digitorum 

Flexor  brevis  minimi  digiti 

Interossei 

Extensor  longus  digitorum 
Extensor  brevis  digitorum 
Extensor  proprius  hallucis 

b.  Abduction. 

Adduction. 

{From  and  to  the 

middle  line  of  the  second  toe). 

Abductor  hallucis 

Adductores  hallucis 

Dorsal  interossei 

Plantar  intero,ssei 

Abductor  minimi  digiti 
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B.  At  the  inter -phalangeal  joints  the  movements  are  limited  to  flexion  and  extension. 


Flexion. 

Extension. 

Flexor  brevis  digitorum  {acting  on  the  first 
joint) 

Flexor  longus   digitorum   (ctctiny   on  hotJi 
joints) 

Flexor  longus  hallucis  {acting  on  the  hallux) 

Extensor  longus  digitorum 

Extensor  brevis  digitorum 

Interossei 
Lumbricales 

Extensor  proprius  hallucis 

{acting  on  both 
joints) 

Movements  op  the  Lower  Limb  generally. 

The  characteristic  features  of  the  lower  limb  are  stability  and  strength,  and  both  its  muscles 
and  joints  are  subservient  to  the  functions  of  transmission  of  M^eight  and  locomotion.  In  tlie 
standing  position  the  centre  of  gravity  of  the  trunk  falls  between  the  heads  of  the  femora, 
and  is  located  about  the  middle  of  the  body  of  the  last  lumbar  vertebra.  It  is  transmitted 
through  the  bones  of  the  lower  limb  to  the  arch  of  the  foot,  where  the  astragalus  distributes  it 
backwards  tlirough  the  os  calcis  to  the  lieel,  and  forwards  through  the  tarsus  and  metatarsus  to 
the  balls  of  the  toes. 

Locomotion. — The  three  chief  .means  of  progression  are  walking,  running,  and  leaping.  In 
walking,  tlie  body  and  its  centre  of  gravity  are  inclined  forwards,  the  trunk  oscillates  from  side 
to  side  as  it  is  supported  alternately  by  each  foot,  the  arms  swing  alternately  with  the  correspond- 
ing leg,  and  one  foot  is  always  on  the  ground.  The  act  of  progression  is  performed  by  the  leg, 
aided  in  two  ways'  by  gravity.  The  movements  of  the  leg  are  as  follows  : — At  the  beginning  of 
a  step,  one  leg,  so  to  speak,  "  shoves  off ; "  the  heel  is  raised  and  the  limli  is  extended.  By  tlie 
action  of  the  muscles  flexing  the  hip  and  knee-joint,  and  extending  the  ankle-joint  and  toes,  this 
limb  is  raised  from  the  ground  sufficiently  to  clear  it,  and  passes  forwards  by  the  action  of 
gravity,  aided  by  the  force  given  to  the  movement  by  the  extensor  muscles.  After  23assing  the 
line  of  the  centre  of  gravity  the  flexion  of  the  joints  ceases,  the  muscles  relax,  and  the  limb 
gradually  returns  to  the  ground.  The  other  limb  then  passes  tlirough  the  same  cycle,  the  weight 
of  the  body  now  resting  on  the  limb  which  is  in  contact  with  the  ground.  As  the  foot  reaches 
the  ground  it,  as  it  were,  rolls  over  it ;  tlie  heel  touches  it  first,  then  the  sole,  and  lastly,  as  the 
foot  leaves  the  ground  again,  only  the  toes.  In  running,  the  previous  events  are  all  exaggerated. 
The  time  of*  the  event  is  diminished,  while  the  force  and  distance  are  increased.  Both  feet  are  off 
the  ground  at  one  time  ;  the  action  of  flexors  and  extensors  alternately  is  much  more  powerful,  so 
that  on  the  one  hand  the  knees  are  drawn  upwards  to  a  greater  extent  in  the  forward  movement, 
and  not  the  whole  foot  but  only  the  toes  reach  the  ground  in  the  extension  of  the  limb.  The 
attempt  is  made  to  bring  the  foot  to  the  ground  in  front  of  the  line  of  the  centre  of  gravity.  At 
the  same  time  the  trunk  is  sloped  forwards  much  more  than  in  walking.  In  leaping,  the  actions 
of  the  limbs  are  still  more  exaggerated.  The  movements  of  flexion  of  the  limb  are  still  more 
marked,  and  the  foot  reaches  the  ground  still  further  in  front  of  the  line  of  the- centre  of  gravity. 
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THE  FASCIA  AND  MUSCLES  OF  THE  BACK. 

THE  FASCIA  OF  THE  BACK. 

The  general  fascial  investments  of  the  back  have  been  described  (p.  307) 
along  with  the  superficial  muscles  associated  with  the  shoulder.  The  latissimus 
dorsi  muscle  has  been  described  as  arising  in  large  part  from  the  vertebral  aponeu- 
rosis. This  is  a  strong  fibrous  lamina  which  conceals  the  erector  spinas  muscle. 
In  the  loin  it  extends  from  the  spines  of  the  lumbar  vertebrae  outwards  to  the 
interval  between  the  last  rib  and  the  iliac  crest,  where  it  is  concerned  in  forming 
the  lumbar  fascia.  Below  the  loin  the  vertebral  aponeurosis  is  attached  to  the  iliac 
crest,  and  more  internally  blends  with  the  subjacent  tendinous  origin  of  the  erector 
spinse.  The  fascia  can  be  followed  upwards  over  the  erector  spinte  in  the  region  of 
the  thorax,  where  it  is  attached  externally  to  the  ribs  and  is  continuous  with  the 
intercostal  aponeuroses.  In  the  lower  part  of  the  thorax  it  is  replaced  by 
muscular  slips — the  serratus  posticus  inferior ;  in  the  upper  part  of  the  thorax  it 
passes  beneath  the  serratus  posticus  superior  and  blends  with  the  deep  cervical 
fascia. 

The  lumbar  fascia  is  a  narrow  ligamentous  l)and  which  connects  the  last  rib  to 
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the  iliac  crest  between  the  muscles  of  the  back  and  abdominal  wall.  It  is  formed 
by  the  union  of  three  fascial  strata,  called  respectively  the  vertebral  aponeurosis  or 

Rectus  ABi>oM.Nis      ^   posterior  laycijust 

described;  the 
middle  and  the 
anterior  layers. 
The  middle  layer 
is  a  fascia  which 
stretches  outwards 
from  the  ends  of 
the  transverse  pro- 
cesses  of  the 
lumbar  vertebrae, 
between  the  erec- 
tor spinae  behind 
and  the  quadratus 
lumborum  muscle 
in  front.  The 
anterior  layer  is 
attached  to  the 
lumbar  vertebrae 
at  the  junction  of 
their  transverse 
processes  and 
bodies.  It  covers 
the  front  of  the 
quadratus  lum- 
borum muscle,  and 
separates  it  from 
the  psoas.    At  the 

outer  borders  of  the  quadratus  lumborum  and  erector  spinae  muscles  the  three 
layers  are  blended  together  to  form  the  lumbar  fascia,  M^hich  in  turn  gives  partial 
origin  to  the  obliquus  interuus  and  transversalis  abdominis  muscles. 


Obliquos  externus 
Obliquus  internu; 

Transversalis 
abdominis' 
Fascia  transversalis 
Peritoneum 

Colon 


Extraperitoneal 
tissue 

Kidney 


Lumbar  fase 


Latissim 


QCADRATUS  lumborum 


Psoas  fascia 

Second  lumbar 
\-crttdira 

Psoas 

Anterior  layer  of 
lumbar  fascia 

MULTIFIDUS 
SPIN^ 

Semispinalis 

DORSI 


Vertebral  aponeurosis 


LONOISSIMUS  DORSI 


Pig. 


269. — Transverse  Section  through  the  Abdomen,  opposite  the 
Second  Lumbar  Vertebra. 


THE  MUSCLES  OF  THE  BACK. 

The  mi;scles  of  the  back  are  arranged  in  four  series  according  to  their  attach- 
ments:  (1)  vertebro  -  scapular  and  vertebro  -  humeral,  (2)  veftebro  -  costal,  (3) 
vertebro-cranial,  and  (4)  vertebral.  They  are  in  irregular  strata,  the  most 
superficial  muscles  having  the  most  widely  separated  attachments. 

The  first  series  of  muscles  of  the  back,  connecting  the  axial  skeleton  to  the 
upper  limb,  have  already  been  described.     They  are  arranged  in  two  layers : 

(1)  trapezius  and  latissimus  dorsi,  superficially;  (2)  levator  anguli  scapulae,  and 
rhomboidei  beneath  the  trapezius. 

The  remaining  muscles  are  almost  entirely  axial,  and  may  be  divided  into  four 
groups:  (1)  serrati  postici,  superior  and  inferior,  and  splenius  capitis  and  colli; 

(2)  erector  spinae  and  complexus ;  (3)  transverso-spinales  (semispinalis  and  multi- 
fidus  spinae) ;  and  (4)  the  small  deep  muscles  (rotatores,  interspinales,  intertrans- 
versales,  and  suboccipital  muscles). 

First  Group. 

The  serratus  posticus  superior  has  a  membranous  origin  from  the  ligamentum 
nuchae  and  the  spines  of  the  last  cervical  and  upper  three  or  four  thoracic  vertebrae. 
It  is  directed  obliquely  downwards  and  outwards,  to  be  inserted  by  separate  slips 
into  the  second,  third,  fourth,  and  fifth  ribs.  The  muscle  is  concealed  by  the 
vertebro-scapular  muscles,  and  crosses  obliquely  the  splenius,  erector  spinae,  and 
complexus.    It  lies  superficial  to  the  vertebral  aponeurosis. 

The  serratus  posticus  inferior  has  a  membranous  origin  through  the  medium 
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Trachelo-mastoid 


Transversalis_ 
cervicis 


COMPLEXUS 


of  the  vertebral  aponeurosis  from  the  last  two  thoracic  and  first  two  lumbar  spinous 
processes.  It  forms  four  muscular  bands  which  pass  almost  horizontally  outwards 
to  an  insertion  into  the  last  four  ribs.  The  muscular  slips  overlap  one  another 
from  below  upwards.  The  muscle  is  on  the  same  plane  as  the  vertebral  aponeu- 
rosis, and  is  concealed  by  the  latissimus 
dorsi. 

The  splenius  muscle  occupies  the 
back  of  the  neck  and  upper  part  of  the 
thoracic  region.  It  arises  as  a  flattened 
band  from  the  ligamentum  nuchse  (from 
the  level  of  the  fourth  cervical  vertebra 
downwards)  and  from  the  spinous  pro- 
cesses of  the  last  cervical  and  higher 
(four  to  six)  thoracic  vertebras.  Its 
fibjes  extend  upwards  and  outwaTds 
into  the  neck,  separating  in  their  course 
into  an  upper  and  a  lower  part.  The 
upper  part  forms  the  splenius  capitis, 
which  is  inserted  into  the  mastoid  pro- 
cess and  the  outer  part  of  the  superior 
curved  line  of  the  occipital  bone.  The 
lower  part  forms  the  splenius  colli  or 
cervicis,  which  is  inserted  into  the 
posterior  tubercles  of  the  transverse  pro- 
cesses of  the  upper  three  or  four  cervical 
vertebrae  behind  the  origin  of  the 
levator  anguh  scapulse.  The  muscle  is 
partially  concealed  by  the  trapezius  and 
sternomastoi4,  and  appears  between 
them  in  the  floor  of  the  posterior  tri- 
angle of  the  neck.  It  is  covered  by 
the  rhomboid  muscles,  levator  anguli 
scapulae  and  serratus  posticus  superior. 
It  conceals  the  transversalis  cervicis, 
trachelo-mastoid,  and  complexus  muscles. 


Cervicalis- 
ascendens 


Aocessorius 


Ilio-costalis- 


Sbco^  G-roup. 

The  erector  spinse(m.sacro-spinalis) 

possesses  vertebral,  vertebro-cranial,  and 
vertebro-costal  attachments.  It  con- 
sists of  an  elongated  mass  composed 
of  separated  slips  extending  from  the 
sacrum  to  the  skull.  Simple  at  its 
origin,  it  becomes  more  and  more  com- 
plex as  it  is  traced  upwards  towards  the 
head.  It  arises  (1)  by  iieshy  fibres  from 
the  iliac  crest ;  (2)  from  the  posterior 
sacro-iliac  ligament ;  and  (3)  by  ten- 
dinous fibres  continuous  with  the  former 
from  the  iliac  crest,  the  back  of  the 
sacrum,  and  the  spines  of  the  upper 
sacral  and  all  the  lumbar  vertebrae.  Its  fibres  extend  upwards  through  the  loin, 
enclosed  between  the  posterior  and  middle  layers  of  the  lumbar  fascia,  and  separate 
into  two  columns,  an  outer  portion  derived  from  the  external  fleshy  origin,  the 
ilio-costalis,  and  an  inner  portion  comprising  the  remaining  larger  part  of  the 
muscle,  the  longissimus  dorsi. 

The  ilio-costalis  (m.  ilio-costalis  lumborum)  is  inserted  by  six  slender  slips  into 
the  lower  six  ribs. 


Longissimus 

DORSI 


Fig.  270.- 


-Schematic  Eepresentation  of  the  Parts 
QF  THE  Erector  Spin^e  Muscle. 
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Internal  to  the  insertion  of  each  is  the  origin  of  a  slip  of  the  accessorius  muscle 
(m.  ilio-costalis  dorsi),  which,  arising  from  the  lower  six  ribs  internal  to  the  ilio- 
costalis,  is  inserted  in  line  with  it  by  similar  slips  into  the  upper  six  ribs. 

The  cervicalis  ascendens  (m.  ilio-costalis  cervicis)  arises  in  the  same  way  by 
six  slips  from  the  upper  six  ribs,  internal  to  the  insertions  of  the  accessorius.  It 
forms  a  narrow  band,  which,  extending  into  the  neck,  is  inserted  into  the  posterior 
tubercles  of  the  transverse  processes  of  the  fourth,  fifth,  and  sixth  cervical  vertebrae, 
behind  the  scalenus  posticus.  The  ilio-costalis,  accessorius,  and  cervicalis  ascendens 
form  together  a  continuous  muscular  column,  and  constitute  the  outermost  group 
of  the  component  elements  of  the  erector  spinas. 

The  longissimus  dorsi  is  the  largest  element  in  the  erector  spinse.  Mostly 
tendinous  on  the  surface  at  its  origin,  it  becomes  fleshy  in  the  upper  part  of  the 
loin,  and  is  inserted,  by  an  inner  and  an  outer  series  of  slips,  externally  into  nearly 
all  the  ribs,  and  internally  into  the  transverse  processes  of  the  thoracic  and  the 
accessory  processes  of  the  upper  lumbar  vertebne.    It  is  prolonged  upwards  into  the 


Anterior 
tubercles  of 
transverse 
processes 


Fig.  271. — Scheme  of  Muscular  Attachments  to  Cervical  Vertebra. 


neck  by  its  association  with  the  common  origin  of  two  muscles,  the  transversalis 
cervicis  and  the  trachelo-mastoid. 

The  transversalis  cervicis  (m.  longissimus  cervicis)  has  an  origin  from  the 
transverse  processes  of  the  upper  six  thoracic  vertebrae,  internal  to  the  insertions 
of  the  longissimus  dorsi.  Extending  upwards  into  the  neck,  it  is  inserted,  under- 
neath the  cervicalis  ascendens  and  splenius  colli  muscles,  into  the  posterior  tubercles 
of  the  transverse  processes  of  the  second,  third,  fourth,  fifth,  and  sixth  cervical 
vertebrae.. 

The  trachelo-mastoid  (m.  longissimus  capitis)  arises,  partly  by  an  origin 
common  to  it  and  the  previous  muscle,  from  the  transverse  processes  of  the  upper 
six  thoracic  vertebrre,  and  partly  by  an  additional  origin  from  the  articular  pro- 
cesses of  the  lower  four  cervical  vertebrae.  Separating  from  the  transversalis 
cervicis,  the  muscle  ascends  through  the  neck  as  a  narrow  band  which  intervenes 
between  the  splenius  capitis  and  complexus,  and  is  inserted  into  the  mastoid  process 
beneath  the  former  muscle. 

The  longissimus  dorsi,  with  its  cervical  prolongations,  forms  the  middle  column 
of  muscles  in  tiie  erector  spinae. 

The  spinalis  dorsi  arises  by  tendinous  fibres  from  the  lower  two  thoracic  and 
upper  two  lumbar  spinous  processes,  and  also  directly  from  the  tendon  of  the 
longissimus  dorsi.  It  is  a  narrow  muscle  which,  lying  close  to  the  thoracic  spinous 
processes  internal  to  the  longissimus  dorsi  and  complexus,  is  inserted  into  the 
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upper  (four  to  eight)  thoracic  spines.  This  muscle  is  not  prolonged  into  the  neck. 
It  conceals  the  next  group  of  muscles,  and  forms  the  innermost  column  of  the 
erector  spinse  muscle. 

The  erector  spinse  muscle  is  bound  down  by  the  vertebral  aponeurosis,  and 
is  concealed  by  the  more  superficial  muscles  (sterno- mastoid,  trapezius,  levator 


Obliquus  superior- 
Rectus  capitis  posticus  major — ^-gj 

Obliquus  inferior  jj| 

Sterno-mastoid- 

COMPLEXUS  muscle 

Trachelo-mastoid 
Scaleni,  medius  and  posticus 


Semispinalis  colli 


jj^^p™™^— -Complexus  muscle 
Sterno-mastoid 


Splenius  capitis 


Levatores  costarum 


Splenius  colli 
Levator  anguli  scapula 
Transversalis  colli 
Cervicalis  ascendens 


Complexus  muscle 
longissimus  dorsi 


—  Semispinalis  dorsi 


Semispinalis  dorsi 

Middle  layer  of  lumbar  fascia 
Vertebral  aponeurosis  (cut>- 
Obliquus  internus  abdomini 
Origin  of  erector  spin  b 

Vertebral  aponeurosis  (cut)- 


Spinalis  dorsi 


Vertebral  aponeurosis  (cut) 


I  -       Lumbar  fascia 
//gWB  Obliquus  internus  abdominis 


Obliquus  externus  abdominis 


Origin  of  gluteus  maximus 


Fig.  272. — Deeper  Muscles  op  the  Back. 

scapulee,  rhomboids,  splenius,  serrati  postici).  It  covers  the  ribs  posteriorly,  and 
partially  conceals  the  semispinals  and  complexus  muscles. 

The  complexus  muscle  (m.  semispinalis  capitis)  closely  resembles  in  position 
and  attachments  the  trachelo-mastoid.  It  takes  origin  from  the  transverse 
processes  of  the  upper  six  thoracic  and  the  articular  processes  of  the  lower  four 
cervical  vertebrae,  internal  to  the  transversalis  cervicis  and  trachelo-mastoid.  It 
has  an  additional  origin  also  from  the  spinous  process  of  the  last  cervical  vertebra. 
It  forms  a  broad  muscular  sheet  which  extends  upwards  in  the  neck,  to  be  inserted 
between  the  superior  and  inferior  curved  lines  of  the  occipital  bone.  The  inner 
24 
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portion  of  the  muscle  is  separate,  and  forms  the  biventer  cervicis,  consisting  of 
two  fleshy  bellies  with  an  intervening  tendon  placed  vertically  in  contact  with  the 
ligamentum  nuchae.  The  insertion  of  the  muscle  is  crossed  by  the  occipital  artery. 
The  complexus  is  covered  mainly  by  the  splenius  and  trachelo-mastoid  muscles. 
It  conceals  the  semispinalis  colli  and  the  muscles  of  the  suboccipital  triangle,  along 
with  the  accompanying  vessels  and  nerves. 

Third  Group. 

These  muscles  are  only  incompletely  separate  from  one  another.  The  semi- 
spinalis dorsi  and  colli  form  a  superficial  stratum,  the  multifidus  spinas  being  more 
deeply  placed.  The  more  superficial  muscle  has  the  longer  fibres ;  the  fibres  of  the 
multifidus  spinte  pass  over  fewer  vertebrte.  Both  muscles  extend  obliquely  upwards 
from  transverse  to  spinous  processes. 

The  semispinalis  muscle  extends  from  the  loin  to  the  axis.  Its  fibres  are 
artificially  separated  into  an  inferior  part,  the  semispinalis  dorsi,  and  a  superior 
part,  the  semispinalis  colli. 

The  semispinalis  dorsi  arises  from  the  transverse  processes  of  the  lower  six 
thoracic  vertebrae.  It  is  inserted  into  the  spinous  processes  of  the  last  two  cervical 
and  first  four  thoracic  vertebrae. 

The  semispinalis  colli  or  cervicis  arises  from  the  transverse  processes  of  the 
upper  six  thoracic  vertebne  and  the  articular  processes  of  the  lower  four  cervical 
vertebrte.    It  is  inserted  into  the  spines  of  the  cervical  vertebrae  from  the  second  to 


Insertion  of  sterno- 

MASTOII. 

Splenius  capitis- 
Trachelo-mastoid 


'g(ht^      Complexus  thrown 
■  outwards 

^l^*^       Least  occipital  nerve 


Splenius  CAPiiit 


TRACHELO-MASTOID' 


Trapezius 

Complexus 
Great  occipital  nerve 
Obliquus  superior 
Rectus  capitis  posticus  major 
Rectus  capitis  posticus  minor 
Vertebral  artery 

Suboccipital  nerve 

Posterior  arch  of  atlas 

Obliquus  inferior 

Posterior  primary  division  of  second 
cervical  nerve 


Posterior  primary  division  of  third 
cervical  nerve 

Deep  cervical  ai'tery 
Posterior  primary  ilivision  of  fourth 
cervical  nerve 


Fig.  273. — The  Suboccipit.^l  Tei angle. 


the  fifth.  The  semispinalis  muscle  occupies  the  vertebral  furrow,  and  is  concealed 
by  the  erector  spinae  and  complexus  ;  it  covers  the  multifidus  spinie  muscle.  It  is 
on  the  same  plane  as  the  muscles  of  the  suboccipital  triangle. 

The  multifidus  spinae  differs  from  the  previous  muscle  in  extending  from  the 
sacrum  to  tlie  axis,  and  in  the  shortness  of  its  fasciculi,  which  pass  over  fewer 
vertebrae  to  reach  their  insertion.    It  arises  from  the  sacrum,  from  the  sacro-iliac 
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ligament,  from  the  mammillary  processes  of  the  lumbar  vertebrae,  from  the  trans- 
verse processes  of  the  thoracic  vertebra;,  and  from  the  articular  processes  of  the 
lower  four  cervical  vertebrae.  It  is  inserted  into  the  spines  of  the  vertebrae  up  to 
and  including  the  axis.  Lying  in  contact  with  the  vertebral  laminte,  the  muscle 
is  covered  by  the  semispinalis. 

Fourth  Group. 

The  muscles  bounding  the  suboccipital  triangle  are  four  in  number — obliquus 
inferior,  obliquus  superior,  rectus  capitis  posticus  major,  and  rectus  capitis  posticus 
minor. 

The  obliquus  inferior  arises  from  the  spine  of  the  axis,  and  is  inserted  into  the 
transverse  process  of  the  atlas. 

The  obliquus  superior  arises  from  the  transverse  process  of  the'  atlas,  and  is 
inserted  into  the  occipital  l:)one  external  to  the  complexus  and  above  the  inferior 
curved  line. 

The  rectus  capitis  posticus  major  arises  from  the  spine  of  the  axis,  and  is 
inserted  into  the  occipital  bone  beneath  the  obliquus  superior  and  complexus,  and 
below  the  inferior  curved  line. 

The  rectus  capitis  posticus  minor  arises  beneath  the  previous  muscle  from  the 
spine  of  the  atlas,  and  is  inserted  into  the  occipital  bone  below  the  inferior  curved 
line  and  beneath  the  rectus  capitis  posticus  major. 

These  muscles  are  concealed  by  the  complexus  and  splenius  capitis ;  they  enclose 
a  triangular  space  (the  suboccipital  triangle)  in  which  the  vertebral  artery, 
suboccipital  nerve,  and  the  posterior  arch  of  the  atlas  are  contained.  The  obHquus 
inferior  is  separated  from  the  semispinalis  muscle  by  the  great  occipital  (second 
cervical)  nerve. 

The  rotatore^  dorsi  are  eleven  pairs  of  small  muscles  occupying  the  vertebral 
groove  in  the  thoracic  region,  beneath  the  transverso-spinales,  of  which  they  form 
the  deepest  fibres.  Each  consists  of  a  small  slip  arising  from  the  transverse  process, 
and  inserted  into  the  lamina  of  the  vertebra  directly  above. 

The  inter-spinales  are  bands  of  muscular  fibres  connecting  together  the  spinous 
processes  of  the  vertebrae. 

The  inter-transversales  are  slender  slips  extending  between  the  transverse 
processes.  They  are  double  in  the  neck,  the  anterior  divisions  of  the  spinal  nerves 
passing  between  them. 

The  rectus  capitis  lateralis,  extending  from  the  transverse  process  of  the  atlas 
to  the  jugular  process  of  the  occipital  bone,  is  homologous  with  the  posterior  of  the 
two  inter-transverse  muscles.  In  the  loin  the  inter-transversales  muscles  are  usually 
double,  but  they  are  often  absent,  or  are  replaced  by  membrane. 

Nerve  Supply. 

With  the  exception  of  the  vertebro  -  scapular  and  vertebro- humeral  muscles  (trapezius, 
latissimus  dorsi,  levator  anguli  scapulce,  rlioniboidei),  the  muscles  of  the  back  are  all  supplied  by 
the  posterior  primary  divisions  of  the  spinal  nerves.  In  the  upper  part  of  the  trunk  the  muscles 
are  supplied  mainly  by  the  external  branches  ;  in  the  lower  part  chiefly  by  the  internal  branches 
of  the  nerves.  In  the  cervical  and  sacral  regions  a  limited  plexiform  arrangement  of  the  nerves 
occurs  {posterior  cervical  and  posterior  sacral  plexuses). 

Actions. 

The  action  of  these  muscles  is  extremely  complex.  Not  only  do  they  act  on  the  spinal 
column,  ribs,  head,  and  pelvis,  in  conjunction  with  other  muscles,  but  some  of  them  act  also  in 
relation  to  the  movements  of  the  limbs  as  well.  In  this  section  will  be  given  an  analysis  of  their 
movements  in  relation  to  the  spinal  column,  head,  and  pelvis.  The  movements  of  the  limbs  and 
of  the  ribs  (respiration)  are  dealt  with  in  other  sections.  The  chief  muscles  are  engaged  in  pre- 
serving the  erect  position,  and  in  the  movements  of  the  trunk  they  are  assisted  in  large  measure 
by  muscles  whose  chief  movements  are  referred  to  elsewhere  (p.  350). 

1.  Movements  of  the  Spinal  Column. — The  movements  of  the  vertebral  column  are  flexion, 
extension,  and  lateral  movement  or  rotation. 
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a.  Flexion        and  Extension. 


Longus  colli 

Eectus  capitis  anticus  major 
Scaleni  aiitici  (together) 
Psoas  magnus  and  itarvus 
Levator  ani 
Iscliio-coccygeiis 

SjDliincter  ani  externus 
Rectus  abdominis 
Pyramidalis  abdominis 
Obliqiius  externus  abdominis 
Obliquus  internus  „ 
Transversalis  „ 


Serrati  postici 
Splenius  capitis 
Splenius  colli 
Erector  spinre 
Semisj)inalis  dorsi 
Semispinalis  colli 
Complexus 
Multifidus  spinse 
Interspinales 

Intercostal  muscles 
Diaphragm 
Triangularis  sterni 


h.  Lateral  Movement  (Rotation). 

Levator  anguli  scapulae 
Serrati  postici 
Sjdenius  colli 
Erector  spinae 
Complexus 
Semispinalis 
Multifidus  spinae 
Rotatores  dorsi 
Inter-transversales 
Longus  colli 

Rectus  capitis  anticus  major 
Scaleni,  anticus,  medius,  posticus. 
Psoas  magnus  and  parvus 
Quadratus  lundDorum 
Obliquus  externus  abdominis 
Obliquus  internus  ,, 
Transversalis  „ 
Rectus  „ 
Pyramidalis  „ 

2.  Movements  of  the  Head. — The  movements  of  the  head  are  flexion  and  extension,  at  the 
occipito-atlautoid  articulation  ;  lateral  movement  and  rotation  at  the  atlanto-axial  joint. 


a.  Flexion        ami  Extension. 

Digastric 

Stylo-hyoid 

Stylo-pharyngeus 

Mylohyoid 

Hyoglossus 

Sterno-hyoid 

Sterno-thyroid 

Omo-hyoid 

Recti  capitis  antici  (major  and  minor) 
{the  muscles  of  both  sides  acting  together) 

Sterno-mastoid 
Splenius  capitis 
Trachelo-mastoid 
Complexus 
Obliquus  inferior 

Recti  capitis  postici  (major  and  minor) 

b.  Lateral  Movement. 

c.  Rotation. 

Sterno-mastoid 
Splenius  capitis 
Trachelo-mastoid 
Complexus 
Obliquus  superior 
Rectus  capitis  lateralis 

Sterno-mastoid 
Splenius  cajjitis 
Trachelo-mastoid 
Complexus 
Obliquus  inferior 
„  superior 
Recti  cajiitis  postici  (major  and  minor) 

3.  Movements  of  the  Pelvis. — Tlie  movements  of  the  pelvis  (as  in  locomotion)  are  partly 
caused  by  certain  of  the  muscles  of  the  liack.  Those  muscles,  which  are  attached  to  the  spinal 
column  or  the  ribs  on  the  one  hand,  and  to  the  innominate  bone  on  the  other,  produce  the 
movements  (flexion,  extension,  and  lateral  movement)  of  the  whole  pelvis.  In  addition,  the 
muscles  passing  between  the  innominate  bone  and  femur,  in  certain  positions  of  the  lower  limb, 
assist  in  these  movements. 
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a.  Extension        and  Flexion. 

Latissimus  dorsi 
Erector  spinse 

Multificliis  sinn£e  (acting  on  both  sides) 

Psoas  magnus  and  jjarvus 

Rectus  abdominis 

Pyramidalis  abdominis 

O'bliqnus  externus  abdominis 

Obliquus  internus  „ 

Transversalis  abdominis  (acting  on  both 

sides) 
Pyriformis 
Glutei 

Obturator  (externus  and  internus) 
Sartorius 

Tensor  fasciae  femoris 
Iliacus 

Rectus  femoris 

Adductors  (in  erect  position) 

h.  Lateral 

Flexors  and  extensors  of  side  only  | 

Movement. 

Quadratus  lumborum 

THE  FASCIJ^  AND  MUSCLES  OF  THE  HEAD  AND  NECK. 

FASCIJE. 

The  superficial  fascia  of  the  head  and  neck  possesses  certain  features  of  special 
interest.  Over  ^he  scalp  it  is  closely  adherent  to  the  skin  and  subjacent  epicranial 
aponeurosis,  and  contains  the  superficial  vessels  and  nerves.  Beneath  the  skin  of 
the  eyelids  it  is  loose  and  thin  and  contains  no  fat.  Over  the  face  and  at  the 
side  of  the  neck  it  is  separated  from  the  deep  fascia  by  the  facial  muscles  and 
the  platysma  myoides.  In  the  hollow  between  the  buccinator  and  the  masseter 
it  is  continuous  with  a  pad  of  fat  (suctorial  pad)  occupying  the  interval  between 
these  muscles., 

The  deep  fascia  of  the  head  and  neck  presents  many  remarkable  characters. 
Over  the  scalp  it  is  represented  by  the  epicranial  aponeurosis,  the  tendon  of  the 
occipito-frontalis  muscle.  This  is  a  tough  membrane,  tightly  stretched  over  the 
calvarium,  from  which  it  is  separated  by  loose  areolar  tissue.  It  is  attached 
posteriorly,  partly  through  the  agency  of  the  occipitalis  muscle,  to  the  superior 
curved  line  of  the  occipital,  bone ;  anteriorly  it  joins  the  frontalis  muscle  and  the 
orbicularis  palpebrarum,  and  has  no  bony  attachment ;  laterally  it  is  attached  to 
the  temporal  ridge  and  the  mastoid  process.  Below  the  temporal  ridge  it  is  con- 
tinuous with  the  temporal  fascia,  a  stout  layer  of  fascia  attached  to  the  temporal 
ridge  and  zygomatic  arch,  which  covers  and  gives  origin  to  the  temporal 
muscle.  This  fascia  separates  into  two  layers  above  the  zygoma,  to  enclose  a 
quantity  of  fat  along  with  branches  of  the  temporal  and  orbital  arteries.  On  the 
face  the  fascia  is  practically  non-existent  anteriorly  in  relation  to  the  facial  muscles. 
Posteriorly  it  forms  the  thin  masseteric  fascia,  and  is  much  thicker  in  relation  to 
the  parotid  gland,  for  which  it  forms  a  capsule. 

In  the  neck  the  deep  fascia  invests  the  muscles,  and  forms  aponeurotic  cover- 
ings for  the  pharynx,  trachea,  oesophagus,  glands,  and  large  vessels.  It  encloses 
the  sterno-mastoid  muscle,  and  can  be  traced  backwards  over  the  posterior  triangle 
to  the  trapezius  and  deeper  muscles,  which  it  surrounds ;  it  can  be  traced  forwards 
over  the  anterior  triangle  to  the  middle  line  of  the  neck,  over  which  it  forms  a 
continuous  membrane.  Above  the  sternum  the  fascia,  after  enclosing  the  sterno- 
mastoid,  is  attached  in  the  form  of  two  layers  to  the  front  and  back  of  the 
episternal  notch.  The  layer  enclosing  the  infrahyoid  muscles  passes  across  the 
middle  line  of  the  neck  in  front  of  the  trachea,  and  is  attached  above  to  the  hyoid 
bone,  below  to  the  sternum,  clavicle,  and  first  rib.  A  third  layer  of  fascia  passes 
inwards  in  front  of  the  trachea,  enclosing  the  thyroid  body.    Beneath  the  sterno- 
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mastoid  the  fascia  helps  to  form  tlie  carotid  sheath,  which  is  completed  hy  septal 
processes  stretching  inwaxds  across  the  neck  in  relation  to  the  infrahyoid  muscles, 
trachea,  oesophagus  and  pharynx,  and  the  prevertebral  muscles.  Tlie  trachea, 
oesophagus,  and  pharynx,  are  likewise  encapsuled  in  cervical  fascia,  a  septal  layer 

passing  across  the  middle 
line  of  the  neck  between 
the  trachea  and  ceso- 
phagus.  Lastly,  a  strong 
prevertebral  fascia  passes 
across  the  neck  in  front 
of  the  prevertebral 
muscles,  and  behind  the 
oesophagus  and  pharynx. 

The  cervical  fascia  is 
attached   above   to  the 
bones  of  the  skull :  super- 
ficially to   the  superior 
30  curved  line  of  the  occi- 
pital  bone,  the  mastoid 
33  process,  the  zygoma  (over 
34.  the  parotid  gland)  and 

35  the  lower  border  of  the 

36  mandible ;  more  deeply 
^"  to    the    styloid  and 

vaginal  processes  of  the 
temporal  bone,  the  great 
41  wing  of  the  sphenoid  and 
-  42  the  basilar  process.  This 
deeper  attachment  is  be- 

FiG.  274.— Transverse  Section  in  the  Cervical  Region  (between  the  ^^^.^^  parotid  gland 

and  pharynx,  and  is 
associated  with  the  for- 
mation of  three  liga- 
ments :  stylo  -  mandibular 
ligament,  internal  lateral 
ligament  of  the  lower  jaw, 
and  pterygo- spinous  liga- 
ment. The  fascia  is  at- 
tached below,  through 
its  muscular  connexions, 
to  the  sternuui,  first  rib, 
clavicle,  and  scapula.  By 
means  of  its  connexion 
with  the  trachea  and  the 
common  carotid  artery  it 
is  carried  down  behind 
the  first  rib  into  the 
superior  mediastinum,  and  becomes  ultimately  continuous  with  the  pericardium. 
By  means  of  its  connexion  with  the  suljclavian  artery  it  is  carried  down  to  the 
axilla,  as  the  subclavian  sheath,  which  becomes  connected  with  the  costo-coracoid 
membrane. 

THE  MUSCLES  OF  THE  HEAD. 

The  muscles  of  the  head  are  divisible  into  three  separate  groups  with  very 
different  relations  and  uses — viz.,  superficial  muscles,  muscles  of  the  orbit,  and 
muscles  of  mastication. 

The  superficial  muscles  comprise  a  large  group,  including  the  muscles  of  the 
scalp  and  face  and  the  ]:)latysnia  myoides  in  tlie  neck. 

The  platysma  myoides  is  a  thin  quadrilateral  sheet  extending  from  chest  to 


fourth  and  fifth  cervical  vertebrae.) 


1.  Cricothyroid  muscle. 

2.  Inferior  constrictor  muscle. 

3.  Pharynx. 

4.  Cricoid  cartilage. 

5.  Vocal  cord. 

6.  Thyro-arytenoid  muscle. 

7.  Tliyroid  cartilage. 
S.  Glottis. 

9.  Layers  of  deep  cervical  fa.scia. 

10.  Sternohyoid  muscle. 

11.  Omohyoid  muscle. 

12.  Sternothyroid  muscle. 

13.  Cervical  fascia. 

14.  Thyroid  body. 

15.  Common  carotid  artery. 

It).  Descendens  liypoglossi  nerve. 

17.  S  I'ERNOMASTOID  MUSCLE. 

18.  Internal  jugular  vein. 

19.  I'lienniogastric  nerve.  _ 

20.  Sympathetic  nerve.  ' 

21.  Carotid  sheath. 

22.  Phrenic  nerve. 

23.  IjONOUS  COLLI  MUSCLE. 

24.  Rectus  capitis  anticns  major. 

25.  Scalenus  anticus. 


26.  Vertebral  vein. 

27.  .Scalenus  medius. 

28.  Posterior  triangle. 

29.  Scalenus  posticus. 

30.  Levator  angnli  scapulip. 

31.  Spinal  acce.ssory  nerve. 

32.  Splenius  colli. 

33.  TraTTsv«Es»Hs  cervicis. 

34.  Trachelo-mastoid. 

35.  Spinal  nerve. 

36.  Vertebral  artery. 

37.  Profunda  cervicis  vein. 

38.  Profunda  cervicis  artery. 

39.  Multifidus  spina". 

40.  Semispinalis  colli. 

41.  Complexus. 

42.  Splenius  capitis. 

43.  Trapezius. 

44.  Ligamentum  nucha*. 

45.  Spine  of  fourth  cervical  vertebra. 

46.  Lamina  of  lifth  cervical  vertebra. 

47.  Dura  mater. 

48.  Spinal  cord. 

49.  Trans\-erse  process. 

50.  Body  of  fifth  cervical  vertebra. 
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face  over  the  side  of  the  neck,  between  the  superficial  and  deep  faacife.  It  arises 
from  the  deep  fascia  of  the  pectoral  region  and  the  clavicle.  It  is  directed 
upwards  and  forwards,  and  is  partly  inserted  (by  its  middle  fibres)  into  the  lower 
border  of  the  mandible,  becoming  connected  with  the  depressor  labii  inferioris  and 
depressor  anguli  oris  muscles.  The  more  anterior  fibres  pass  across  the  middle 
line  of  the  neck  and  decussate  below  the  chin  with  those  of  the  opposite  side.  The 
posterior  fibres  sweep  over  the  angle  of  the  jaw  and  become  continuous  with  the 


Epicranial  aponeurosis 


Attrahens  AtmEM 


Attollens 

AUBEM 


Frontalis 


Orbicularis  palpebrarum 
Pyramidalis  nasi 


 Compressor  naris 

-Levator  labii  superioris  al/eque  nasi 
Ijevator  labii  superioris 
Zygomaticus  minor 

Depressor  alm  nasi 
Zygomaticus  major 
iStenson's  duct 
Orbicularis  oris 

RiSORIUS 

Buccinator 
Depressor  anouli  oris 
Depressor  labii  inferioris 

Masseter 


Platysma  myoides 


Fig.  275. — The  Muscles  op  the  Face  and  Scalp  (muscles  of  expression) 


risorius  muscle.  The  platysma  myoides  is  the  rudiment  of  the  cervical  portion  of 
the  panniculus  carnosus  of  lower  animals,  in  which  it  has  a  much  more  intimate 
connexion  with  the  muscles  of  the  face  than  is  usually  the  case  in  man. 


The  Muscles  of  the  Scalp. 

The  muscles  of  the  scalp  comprise  the  muscles  of  the  external  ear  and  the 
occipito-frontalis  muscle. 

The  occipito-'frontalis  is  a  muscle  with  two  bellies  and  an  intervening  tendon 
(the  epicranial  aponeurosis)  which  stretches  uninterruptedly  across  the  middle  line  of 
the  cranium.  The  posterior  belly  (occipitalis)  arises  from  the  outer  two-thirds  of 
the  superior  curved  line  of  the  occipital  bone  as  a  broad  flat  band.  The  anterior 
belly  (frontalis)  has  no  bony  attachments ;  arising  from  the  epicranial  aponeurosis 
about  the  level  of  the  coronal  suture,  it  passes  downwards  to  the  supra-orbital  arch, 
where  it  is  inserted  into  the  orbicularis  palpebrarum  and  corrugator  supercilii 
muscles.  It  extends  the  full  width  of  the  forehead,  and  blends  internally  with  the 
muscle  of  the  opposite  side. 

The  epicranial  aponeurosis  extending  between  the  two  fleshy  bellies,  is  a  con- 
tinuous membrane  which  glides  over  the  calvarium,  and  has  attachments  laterally 
to  the  temporal  ridge,  and  behind  between  the  posterior  bellies  to  the  superior 
curved  line  of  the  occipital  bone.  It  has  no  osseous  attachment  anteriorly.  The 
occipito-frontalis  is  usually  rudimentary.    By  the  contraction  of  the  fibres  of  the 
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frontalis  muscle  the  skin  of  the  forehead  is  thrown  into  horizontal  parallel 
folds. 

The  extrinsic  muscles  of  the  ear  are  three  in  number :  retrahens,  attollens, 
and  attrahens  aureni. 

The  retrahens  aurem  (m.  auricularis  posterior)  is  a  narrow  fleshy  slip  which 
arises  from  the  surface  of  the  mastoid  process  and  is  inserted  into  the  deep  surface 
of  the  pinna.  It  bridges  across  the  groove  between  the  mastoid  process  and  the 
pinna,  and  conceals  the  posterior  auricular  vessels  and  nerve. 

Tlie  attollens  aurem  (m.  auricularis  superior)  is  a  small  fan-shaped  muscle 
which  arises  from  the  temporal  fascia,  and  descends  vertically  to  be  inserted  into 
the  top  of  the  root  of  the  pinna. 

The  attrahens  aurem  (m.  auricularis  anterior)  is  a  similar  small  muscle,  placed 
in  front  of  the  attollens,  and  stretching  obliquely  between  the  temporal  fascia  and 
the  top  of  the  root  of  the  pinna. 

These  two  muscles  conceal  branches  of  the  temporal  vessels  as  they  lie  on  the 
temporal  fascia. 

The  ear  muscles  are  rudimentary  and  usually  functionless. 

The  Muscles  of  the-  Face. 

The  muscles  of  the  face  are  divided  into  three  groups,  associated  with  the 
several  apertures  of  the  eye,  nose,  and  mouth. 

1.  The  muscles  of  the  eyelids  include  four  muscles :  the  levator  palpebrse 
superioris  (described  with  the  orbital  muscles),  orbicularis  palpebrarum,  tensor  tarsi, 
and  corrugator  supercilii. 

The  orbicularis  palpebrarum  (m.  orbicularis  oculi)  is  a  transversely  oval 
sphincter  muscle  surrounding  and  occupying  the  eyelids.  It  is  divisible  into  an 
external  portion  (pars  orbitalis)  composed  of  coarse  fibres,  spreading  on  to  the  forehead, 
temple,  and  cheek,  and  an  internal  j}ortion  (pars  palpebralis),  composed  of  finer 
fibres,  which  occupies  the  eyelids  beneath  the  skin.  At  the  inner  canthus  of  the 
eye  the  muscle  (by  its  palpebral  fibres)  gains  an  attachment  to  the  tarsal  ligament 
and  the  borders  of  the  naso-lachrymal  groove.  The  fibres  which  extend  along  the 
margins  of  the  lids  constitute  a  separate  ciliary  bundle.  The  fibres  of  the  orbicularis 
palpebrarum  enclose  the  lachrymal  sac  and  the  canaliculi.  The  posterior  fibres, 
extending  between  the  posterior  edge  of  the  naso-lachrymal  groove  and  the  tarsal 
ligaments  behind  the  lachrymal  sac,  constitute  the  tensor  tarsi  muscle. 

Externally  the  orbicularis  palpebrarum  has  no  bony  attachment ;  so  that  when 
it  contracts  and  closes  the  eyelids,  both  lids  at  the  same  time  tend  to  be  drawn 
inwards  towards  the  inner  canthus  of  the  ejB. 

The  oorrugator  supercilii  arises  from  the  nasal  eminence,  and  passing  horizon- 
tally outwards,  blends  with  the  upper  fibres  of  the  precedino-  muscle  on  its  under 
surface.    The  contraction  of  this  muscle  throws  the  forehead  into  vertical  folds. 

2.  The  muscles  of  the  nose  comprise  five  small  muscles  proper  to  the  nose,  and 
one  common  to  the  nose  and  upper  lip :  the  pyramidalis  nasi,  compressor  naris, 
dilatores  naris  (anterior  and  posterior),  depressor  al?e  nasi,  and  levator  labii 
superioris  alteque  nasi.    They  are  all  small  and  feeble. 

The  pyramidalis  nasi  arises  from  the  occipito-frontalis  muscle  and  the  skin 
over  the  glabella ;  it  is  inserted  into  a  membrane  stretching  over  the  nose,  which 
also  gives  attachment  to  the  compressor  naris. 

The  compressor  naris  (m.  nasalis)  arises  by  a  narrow  origin  from  the  superior 
maxilla,  under  cover  of  the  levator  labii  superioris  alseque  nasi.  It  passes  forwards 
over  the  bridge  of  the  nose,  and  ends  in  a  membranous  insertion  common  to  it  and 
the  previous  muscle. 

The  dilatores  naris  are  feeble  muscular  slips  placed  on  the  outer  side  of  the 
margin  of  the  nostril,  one  anteriorly,  the  other  posteriorly. 

The  depressor  alse  nasi  is  a  small  muscle  arising  from  the  upper  part  of  the 
incisor  fossa  of  the  maxilla ;  it  divides  into  two  parts  as  it  passes  upwards  and 
inwards,  and  is  inserted  into  the  ala  and  the  septum  of  the  nose  (depressor  septi). 
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The  levator  labii  inferioris  alseque  nasi  is  a  narrow  band  arising  from  the  root 
of  the  nasal  process  of  the  maxilla.  It  descends  alongside  the  nose,  and  is  inserted 
partly  into  the  ala  of  the  nose  and  partly  into  the  orbicularis  oris  muscle. 

3.  The  muscles  of  the  mouth  comprise  eleven  muscles,  of  which  one,  the 
orbicularis,  is  a  single  muscle,  the  others  being  bilaterally  placed :  levator  labii 
superioris  alseque  nasi,  levator  labii  superioris,  levator  anguli  oris,  zygomatici  (major 
and  minor),  risorius,  depressor  anguli  oris,  depressor  labii  inferioris,  levator  menti, 
and  buccinator. 

The  orbicularis  oris  is  the  sphincter  muscle  surrounding  the  lips.  It  is  con- 
tinuous with  the  other  muscles  converging  to  the  mouth.  It  lies  between  the  skin 
and  mucous  membrane  of  the  mouth,  and  is  Kmited  above  by  the  nose,  below  by 
the  junction  of  lower  lip  and  chin.  Its  mesial  fibres  are  attached  above  to  the 
septum  of  the  nose  (naso-labial  band)  and  to  the  incisor  fossa  (superior  incisive 
bundle) ;  below  to  the  lower  jaw  on  each  side  of  the  sympliysis  (inferior  incisive 
bundle).  These  bundles  radiate  outwards  to  join  the  rest  of  the  muscle,  which  is 
joined  at  its  margin  by  the  levators  and  depressors  of  the  lower  lip  and  angle  of  the 
mouth,  and  by  the  buccinator  muscle.  The  lowei'  fibres  of  the  muscle  are  continued 
laterally  into  buccinator  and  levator  anguli  oris  ;  its  upper  fibres  are  continued  into 
the  buccinator  and  depressor  anguli  oris. 

The  levator  labii  superioris  alaeque  nasi  has  been  already  described. 

The  levator  labii  superioris  arises  from  the  superior  maxilla  just  above  the 
infraorbital  foramen.  It  passes  almost  vertically  downwards  to  join  the  orbi- 
cularis oris  and  the  skin  of  the  upper  lip  between  the  attachments  of  the  levator 
labii  superioris  alseque  nasi  and  the  levator  anguli  oris.  It  conceals  the  infra- 
orbital vessels  and  nerve. 

The  levator  anguli  oris  arises  from  the  canine  fossa  of  the  upper  jaw  below  the 
infraorbital  foramen  and  under  cover  of  tlie  foregoing  muscle.  It  is  directed 
outwards  and  downwards,  to  be  inserted  into  the  orbicularis  oris  and  the  skin  at  the 
angle  of  the  mouth. 

The  zygomatici  (major  and  minor)  are  more  superficial  than  the  preceding 
muscle. 

The  zygomaticus  minor  is  the  anterior  muscle.  It  arises  from  the  malar  bone, 
and  is  often  continuous  with  the  most  peripheral  fibres  of  the  orbicularis  palpe- 
brarum. It  is  directed  obliquely  downwards  and  forwards  over  the  levator  anguli 
oris,  to  be  inserted,  along  with  the  levator  labii  superioris,  into  the  orbicularis  oris. 
The  zygomaticus  major  is  a  narrow  muscular  band  which  arises  from  the  malar 
portion  of  the  zygomatic  arch.  It  passes  to  the  angle  of  the  mouth,  to  be  inserted 
partly  into  the  skin,  partly*  into  the  orbicularis  oris. 

The  risorius  is  a  thin  fiat  muscle  which  forms  partly  a  continuation  of  the 
platysma  myoides  on  the  face,  partly  a  separate  muscle,  with  an  origin  from  the 
masseteric  fascia.  It  passes  transversely  forwards,  to  be  inserted  at  the  angle  of  the 
mouth  into  the  orbicularis  oris  and  skin. 

The  depressor  anguli  oris  arises  from  the  external  oblique  line  of  the  lower  jaw 
and  from  the  platysma  myoides.  It  is  triangular  in  form,  its  fibres  converging  to 
the  angle  of  the  mouth,  where  they  are  inserted  into  the  orbicularis  oris  and  the 
skin.    Some  of  the  fibres  reach  the  upper  lip  through  the  orbicularis  muscle. 

The  depressor  labii  inferioris  arises  from  the  outer  surface  of  the  lower  jaw 
beneath  and  internal  to  the  depressor  anguli  oris.  It  is  quadrilateral  in  form,  and 
is  directed  upwards,  to  be  inserted  into  the  orbicularis  oris  and  the  skin  of  the  lower 
lip.  Its  external  fibres  conceal  the  mental  foramen,  and  are  overlapped  by  the 
depressor  anguli  oris.    Its  internal  fibres  join  with  those  of  the  opposite  muscle. 

The  levator  menti  is  a  small  muscle  which  arises  from  the  incisor  fossa  of  the 
lower  jaw,  and  passing  forwards,  is  inserted  into  the  skin  of  the  chin. 

The  buccinator  muscle  forms  the  lateral  wall  of  the  mouth,  and  is  in  series 
posteriorly  with  the  constrictor  muscles  of  the  pharynx.  It  arises  (1)  from  the 
alveolar  arches  of  the  upper  and  lower  jaws,  and  between  these  attachments,  from 
the  pterygo-mandibular  ligament.  Its  fibres  are  directed  forwards  to  the  angle  of 
the  mouth,  where  they  blend  with  the  corresponding  (upper  and  lower)  portions  of 
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the  orbicularis  oris  muscle.  The  middle  fibres  of  the  muscle  decussate  at  the  angle 
of  the  mouth,  so  as  to  pass,  the  lower  set  to  the  upper  lip,  the  upper  set  to  the  lower 
lip.  The  buccinator  is  covered  on  its  deep  surface  by  the  mucous  membrane  of  the 
mouth.  Superficially  it  is  concealed  by  the  muscles  above  mentioned,  which  con- 
verge to  the  angle  of  the  mouth ;  it  is  separated  from  the  masseter  by  the  suctorial 
pad  of  fat ;  it  is  pierced  by  the  duct  of  the  parotid  gland,  and  by  branches  of  the 
buccal  nerve. 

Nerve  Supply. 

The  fixcial  and  scalj^  imiscles  are  all  Innervated  by  the  facial  nerve.  The  postei-ior  auricular 
hranch  supplies  the  retrahens  aurem  and  occipitalis  ;  the  branches  forming  the  pes  anserinus 
su2:)ply  tlie  frontalis,  attollens,  and  attrahens  aureni,  the  several  muscles  associated  with  the 
apertures  of  the  eye,  nose,  and  mouth  (including  the  buccinator),  and  the  jjlatysma  myoides. 

Actions. 

The  almost  infinite  variety  of  facial  expression  is  produced  partly  by  the  action  of  these 
muscles,  partly  by  their  inactivity,  or  by  the  action  of  antagonising  muscles  (antithesis).  On  the 
one  hand  joy  is,  for  example,  betrayed  by  the  action  of  one  set  of  muscles,  while  grief  is  accom- 
panied by  the  contraction  of  another  (oj^posing)  set.  Determination  or  eagerness  is  accompanied 
by  a  fixed  expression  due  to  a  combination  of  nuiscles  acting  together ;  despair,  on  the  other 
hand,  is  expressed  by  a  relaxation  of  muscular  action.  For  a  philosophical  account  of  the  action 
of  the  facial  muscles,  the  student  should  consult  Darwin's  Expression  of  the  Emotions  in  Man  and 
Animals,  and  Duchenne's  Mechanisme  de  la  Fhysiologie  humaine. 

The  platysma  myoides  retracts  and  depresses  the  angle  of  the  mouth,  and  depresses  the  lower 
jaw.  The  occipito-frontalis,  by  its  anterior  belly,  raises  the  eyebrows ;  l)oth  bellies  acting 
together  tighten  the  skin  of  the  seal]) ;  acting  along  witli  the  orbicularis  palpebrarum,  it  shifts 
the  scalp  backwards  and  forwards. 

The  corrugator  supercilii  draws  inwards  the  eyebrow  and  vertically  wrinkles  the  forehead. 
"Tlie  pyramidalis  nasi  draws  downwards  the  skin  Ijetween  the  eyebrows,  as  in  frowning.  The 
up25er  eyi'lid  is  I'aised  liy  tlie  levator  palpebrse  superioris.  The  closure  of  the  lids  is  effected  by 
the  orbicularis  palpebrarum,  whose  fibres  also  assist  in  the  lowering  of  the  eyebrows,  in  the  pro- 
tection of  the  eyeball,  and,  by  i^ressure  on  tlie  lachrymal  gland,  in  the  secretion  of  tears.  The 
tensor  tarsi,  acting  along  with  the  orbicularis  palpebrarum,  compresses  the  lachrymal  sac  and 
aids  in  the  evacuation  of  its  contents.  The  muscles  of  the  ear  and  nose  have  quite  rudimentary 
actions  expressed  by  their  names.  Of  the  muscles  of  the  nioutli,  the  orbicularis  oris  has  a  com- 
j)lex  action,  depending  on  the  degree  of  contraction  of  its  component  i:>arts.  It  causes  comj^ression 
and  closure  of  the  lijis  in  various  ways,  tightening  the  lips  over  the  teeth,  contracting  them  as  in 
osculation,  or  causing  jjouting  or  protrusion  of  one  or  the  other.  The  accessory  muscles  of  the 
lips  draw  them  upwards  (zygomatici,  levator  anguli  oris,  levator  labii  superioris  alteque  nasi, 
levator  labii  superioris),  outwards  (zygomaticus  major,  risorius,  jjlatysma,  depressor  anguli  oris, 
buccinator),  and  downwards  (dejiressor  anguli  oris,  depressor  labii  inferioris,  iilatysma).  The 
levator  menti  elevates  the  skin  of  the  chin  and  protrudes  the  lower  lip.  The  buccinator  retracts 
the  angles  of  tlie  mouth,  flattens  the  cheeks,  and  brings  them  in  contact  with  the  teeth. 

The  Fascia  and  Muscles  of  the  Orbit. 

Tlie  eyeball  with  its  muscles,  vessels  and  nerves,  is  lodged  in  a  mass  of  soft  and 

the  orbit.  Surrounding  the 
posterior  part  of  the  eyeball 
is  the  capsule  of  Tenon,  which 
constitutes  a  large  lymph 
space  or  synovial  bursa  in 
relation  to  the  eyeball.  An- 
teriorly the  capsule  is  in  con- 
tact with  the  conjunctiva, 
which  intervenes  between  the 
latter  and  the  eyeball ;  pos- 
teriorly it  is  pierced  by  and 
prolonged  along  the  optic 
nerve.  It  is  a  smooth  mem- 
brane connected  to  the  globe 
of  the  eye  by  loose  areolar 
tissue.  It  is  pierced  by  the 
tendons  of  the  ocular  muscles, 
along  which  it  sends  prolongations  continuous  with  the  muscular  sheaths. 


yielding  fat  which  entirely  fills  up  the  cavity  of 

Levator  PALrEBRyi-;  superioris 


Fig.  276. — Transverse  Vehtical  Section  through  the  Orbit 
BEHIND  the  Eye-ball  to  show  the  Arrangement  of  Muscles. 
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The  muscles  of  the  orbit  are  seven  in  number :  one,  the  levator  palpebrae 
superioris,  belougs  to  the  upper  eyelid ;  the  other  six  are  muscles  of  the  eyebalL 

The  levator  palpebrse  superioris  lies  immediately  beneath  the  orbital  perios- 
teum over  the  superior  rectus  muscle.  It  has  a  narrow  origin  above  that  muscle 
from  the  margin  of  the  optic  foramen. 


Orbicularis  palpebrarum 


Obliquus 


Rectus 
\   ,  externus 

\ 

V. 
Rectus 
superior 


IjKVATGR  PALPEBR.E 
SUPERIORIS 


It  expands  as  it  passes  forwards,  to  end, 
in  relation  to  the  upper  lid,  in  a  mem- 
branous expansion  which  is  inserted  in  a 
four-fold  manner :  (1)  slightly  into  the 
orbicularis  palpebrarum  and  skin  of  the 
upper  lid,  (2)  mainly  into  the  upper 
border  of  the  tarsal  cartilage,  (3)  slightly 
into  the  conjunctiva,  and  (4)  by  its  edges  superior'^ 
into  the  upper  border  of  the  margin  of 
the  orbital  opening. 

The  recti  muscles  are  four  in  number 
— superior,  inferior,  internal,  and  external. 
They  all  arise  from  a  membranous  ring 
surrounding  the  optic  foramen,  which  is 
separable  into  two  parts — a  superior  com- 
mon tendon,  giving  origin  to  the  superior 
and  internal  recti  and  the  upper  head 
of  the  external  rectus  ;  and  an  inferior 
common  tendon,  giving  origin  to  internal 
and  inferior  recti  and  the  lower  head  of 
the  external  rectus.  The  two  origins  of 
the  external  rectus  muscle  are  separated 
by  the  passage  into  the  orbit  of  the 
oculo-motor,  nasal,  and  abducent  nerves. 
Forming  flattened  bands  which  traverse 
the  fat  of  the  orbit  around  the  optic  nerve  and  eyeball,  the  four  muscles  end  in 
tendons  which  pierce  the  capsule  of  Tenon,  and  are  inserted  into  the  sclerotic 
about  eight  millimetres  (three  to  four  lines)  behind  the  margin  of  the  cornea. 
The  superior  and  inferior  recti  are  inserted  in  the  vertical  plane  slightly  internal 

to  the  axis  of  the 
eyeball;  the  exter- 
nal and  internal 
recti  in  the  trans- 
verse plane  of  the 
eyeball ;  and  all 
are  attached  in 
front  of  the 
equator  of  the 
eyeball. 

The  obliquus 
superior  arises 
from  the  margin 
of  the  optic  fora- 
men between  the 
recti  superior  and 
i  n  t  e  r  n  u  s.  It 
passes  forwards  as 
a  narrow  muscular 


Fig.  277. — The  Muscles  of  the  Oubit 
(from  above). 


Obliquus  superior 


Levator  palpebr.e  superioris  (cut)  ' 

Rectus  superior 

Rectus  extern  us 

Oculo-motor 
nerve 


Nasal  nerve 
Abducent  nerve 


Obliquus  inferior 


Rectus  inferior 


Pig,  278. — The  Muscles  or  the  Orbit  (from  without). 


band  internal  to  the  rectus  superior,  and  at  the  anterior  margin  of  the  orbit  forms 
a  narrow  tendon  which  passes  through  a  special  fibrous  pulley  (trochlea)  attached 
to  the  roof  of  the  orbit.  Its  direction  is  thus  altered,  and  passing  outwards 
between  the  tendon  of  the  superior  rectus  and  the  eyeball,  it  is  inserted  into  the 
sclerotic  between  the  superior  and  external  recti,  midway  between  the  cornea  and 
the  entrance  of  the  optic  nerve;. 
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The  obliquus  inferior  arises  from  the  inner  side  of  the  floor  of  the  orbit  just 
behind  its  anterior  margin,  and  external  to  the  naso-lachrymal  groove.  It  forms 
a  slender  rounded  slip,  which  curls  round  the  inferior  rectus  tendon,  and  passes 
between  the  external  rectus  and  the  eyeball,  to  be  inserted  into  the  sclerotic 
between  the  superior  and  external  recti,  and  further  back  than  the  superior 
oblique  muscle. 

Mtiller's  muscle  is  a  rudimentary  bundle  of  non-striated  muscular  fibres  bridging  across  the 


Lachrymal  gland 


Frontal  nerve 


Sii]ira-orbital  nerve 


Lachrymal  nerve' 

Nerves  to  rectus  superior  and 
levator  jialpebric  superioris,, 
from  oculo-motor  nerve 

Trochlear  nerve-- 


Rectus  extern  us. 


Abducent  nerve- 

Oculo-motor  nerve  (inferior 
division) 

Lenticular  ganglion. 

Nerve  to  rectus  inferior,  from. 

oculo-motor  nerve' 

Nerve  to  obliquus  inferior, 
from  oculo-motor  nerve 


'Supra-troclilear  nerve 
Levator  palpebr/E 
superioris 

Rectus  superior 

Obliquus  superior 

Nasal  nerve 

Infra-trochlear  nerVe 

Rectus  internus 
Nerve  to  rectus  internus  from 
oculo-motor 
Ophthalmic  artery 

Optic  nerve 
Long  ciliary  nerves 


Rectus  inferior 


Obliquus  inferior 

Fig.  279. — Schematic  Representation  of  the  Nerves  which  traverse  the  Cavity  op  the  Orbit. 

splieno-maxillary  fissure  and  infraorbital  groove.  It  is  supplied  by  fibres  from  the  sympathetic, 
and  may  have  a  slight  infiueuce  in  the  protrusion  of  the  eyeball. 

Nerve  Supply. 

The  muscles  of  the  orbital  cavity  are  supplied  by  the  third,  fourth,  and  sixth  cranial  nerves. 
The  fourth,  nerve  (trochlearis)  supplies  the  obliquus  su2Derior ;  the  sixth  (alxlucens)  sujjplies  the 
rectus  externus ;  the  third  nerve  (motor  oculi)  supplies  the  others — levator  palpebrae  siqjerioris, 
recti.,  superior,  inferior  and  intei'nus,  and  obliquu.s  inferior. 

Actions. 

The  levator  palpebrae  superioris  elevates  the  upper  eyelid  and  antagonises  the  orbicularis 
palpebrarum  muscle.  The  six  muscles  inserted  into  the  eyeball  serve  to  move  the  longitudinal 
axis  of  the  eyeball  ujnvards,  downwards,  inwards,  and  outwards,  besides  causing  a  rotation  of  the 
eyeball  on  its  own  axis.  The  following  table  expresses  the  action  of  individual  muscles.  It  must 
be  remembered  that,  while  similar  movements  occur  simultaneously  in  the  two  eyeballs,  the 
horizontal  movements  may,  by  adduction  of  the  muscles  of  both  sides,  cause  convergence  of  the 
axes  of  the  two  eyeballs  for  the  purposes  of  near  vision. 


a.  Adduction 


and 


Abduction. 


Eectus  internus 
Rectus  superior"! 
Rectus  inferior  / 


Rectus  externus 


Obliquus  superior  \  {correcting 
Obliquus  inferior  /  adductors) 


b.  Elevation 

and  Depression. 

Rectus  superior 
Obliquus  inferior 

Rectus  inferior 
Obliquus  superior 

c.  Rotation  outwards. 

Rotation  inwards. 

Obliquus  inferior 

Obliquus  superior 

Rectus  superior  \         , ,    ,  •  % 
T>    ,     •  i   •      f  (^w  adduction) 
Rectus  interior  )  ^  ' 
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Muscles  of  Mastication. 


The  muscles  of  mastication  comprise  the  masseter,  temporal,  external  and 
internal  pterygoids,  and  buccinator  (described  above). 

The  masseter  arises  (1)  superficially  from  the  lower  border  of  the  zygoma  in 
its  anterior  two-thirds,  and  (2)  more  deeply  from  the  deep  or  inner  surface  of  the 


Epicranial  aponenrosis 


Temporal  fascia 


Temporal  fascia  (deep 
layer) 


Masseter  (deep  fibres) 
Parotid  gland 


 Orbicularis 

\  palpebrarum 

Zygomaticus  major 


Masseter  (superficial 
fibres) 

Stenson's  duct 


Buccinator  - 
Depressor  anguli  oris 

Facial  artery 


Fig.  280. — Muscles  of  Mastication  (superficial  view), 

zygoma  in  its  whole  length.  The  superficial  fibres  are  directed  downwards  and 
backwards  towards  the  angle  of  the  jaw ;  the  deeper  fibres  are  directed  vertically 
downwards.  The  muscle  is  inserted  into  the  outer  surface  of  the  ramus  of  the 
lower  jaw  and  coronoid  process.  The  deepest  fibres  blend  with  the  fibres  of  the 
subjacent  temporal  muscle. ' 

The  masseter  muscle  occupies  the  posterior  part  of  the  cheek.  It  is  covered  by 
the  parotid  gland,  and  is  crossed  by  Stenson's  duct  and  the  branches  of  the  facial 
nerve,  and  it  conceals  the  lower  jaw  and  a  part  of  the  temporal  muscle. 

The  temporal  muscle  is  a  fan-shaped  muscle  arising  from  the  whole  area  of 
the  temporal  fossa,  as  well  as  from  the  temporal  fascia  which  covers  it.  Its 
converging  fibres  pass  beneath  the  zygomatic  arch.  In  the  pterygoid  region  the 
muscle  is  inserted  into  the  deep  surface  and  apex  of  the  coronoid  process,  and  into 
the  anterior  border  of  the  ramus  of  the  lower  jaw. 

The  muscle  is  concealed  by  the  temporal  fascia,  zygoma,  the  masseter  muscle, 
and  the  coronoid  process.  It  crosses  over  the  external  pterygoid  muscle  and  the 
internal  maxillary  artery. 

The  external  pterygoid  muscle  arises  by  two  heads,  upper  and  lower.  The 
upper  head  is  attached  to  the  under  surface  of  the  great  wing  of  the  sphenoid  ;i  the 
lower  head  takes  origin  from  the  outer  surface  of  the  external  pterygoid  plate.  The 
muscle  is  directed  outwards  and  backwards,  to  be  inserted  into  (1)  the  depression  in 
front  of  the  neck  of  the  lower  jaw,  and  (2)  the  inter-articular  fibro-cartilage  and 
capsule  of  the  temporo-maxillary  articulation. 

The  muscle  is  placed  deeply  in  the  pterygoid  region  ;  being  covered  by  the 
temporal  muscle  and  coronoid  process,  it  partially  conceals  the  internal  pterygoid 
muscle  and  the  trunk  and  branches  of  the  inferior  maxillary  nerve.    The  internal 
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maxillary  artery  passes  over  or  under  the  muscle,  and  disappears  between  its  two 
heads  of  origin. 

The  internal  pterygoid  muscle  has  likewise  a  double  origin — (1)  from  the  deep 


Temi'oeal  muscle 


All  ri  c  ulo-te  m  poral 
nerve 


Superficial  temporal 
artery 


EXTERNAL  PTERYGOID 

Nerve  to  masseter. 
Parotid  gland 
Masseter  (cut). 


Posterior  dental 
nerve 


Buccal  nerve 
Stenson's  duct 


Buccinator 

MUSCLE 


Fig.  281. — Muscles  op  Mastication,  Deeper  View  (zygoma  and  masseter  muscle  removed). 

surface  of  the  external  pterygoid  plate,  and  (2)  by  a  stout  tendon  from  the 
tuberosity  of  the  upper  jaw.    It  is  quadrilateral  in  form,  and  is  directed  downwards 


Epicranial  aponeuroses 


Temporal  muscle 


Auriculo-temporal  nerve 
Superficial  temporal 
artery 

External  carotid  artery. 

Internal  lateral  ligament 
Posterior  auricularartery. 

liingual  nerve 
Mylo-hyoid  nerve. 
Parotid  gland 

Inferior  dental  nerve, 
Masseter  (cut). 


Temporal  branch  of 
buccal  nerve 
\  Temporal  branches  of 
/  inferior  maxillary  nerve 


External  pterygoid 


Posterior  dental  artery 
Posterior  dental  nerve 


Buccal  nerve 

Pterygo-mandibular 

ligament 


Mental  branch  of  inferior 
dental  nerve 


Fig.  282.— Pterygoid  Region. 


outwards,  and  backwards,  to  be  inserted  into  a  triangular  impression  on  the  inner 
surface  of  the  lower  jaw,  between  the  mylo-hyoid  groove  and  the  angle  of  the 
bone. 
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The  muscle  is  covered  over  by  the  external  pterygoid  muscle,  by  branches  of 
the  inferior  maxillary  nerve,  and  by  the  internal  lateral  ligament  and  ramus  of 
the  lower  jaw.  Beneath  it  are  the  Eustachian  tube,  muscles  of  the  soft  palate,  and 
pharynx  (superior  constrictor). 

Nerve  Supply. 

The  inferior  maxillary  division  of  the  fifth  nerve  supplies  all  the  muscles  of  mastication 
except  the  buccinator,  which  is  supplied  by  the  facial  nerve.  The  internal  pterygoid  muscle  is 
supplied  by  the  nerve  before  its  division  into  anterior  and  posterior  jJarts  ;  the  other  muscles  are 
innervated  by  the  anterior  trunk. 

Actions. 

The  above  muscles,  assisted  by  others  in  the  neck,  produce  the  various  movements  of  the 
lower  jaw,  as  follows  : — 


a.  Opening  and 

Closure  of  the  Jaw. 

Weight  of  the  jaw  * 

Digastric 

Mylo-hyOid 

Genio-hyoid 

Genio-hyoglossus 

Infra-hyoid  muscles 

Masseter 
Temj^oral 
Internal  jDterygoid 

6.  Proliraction  and 

Retraction. 

External  pterygoid 
Internal  pterygoid 
Temporal  {anterior  fibres) 

Temporal  (posterior  fibres) 

c.  Lateral  Movement  of  the  Jaw. 

External  pterygoid  \ 
Internal       „  / 

(of  one  side) 

THE  MUSCLES 

OF 

THE  NECK. 

The  muscles  in  the  neck  include,  in  addition  to  those  associated  with  the  muscles 
of  the  back,  and  described  already  (p.  363),  the  following  series  : — (1)  sterno-cleido- 
mastoid  ;  (2)  the  muscles  of  the  hyoid  bone  (supra-hyoid  and  infra-hyoid) ;  (3)  the 
muscles  of  the  tongue  (extrinsic  and  intrinsic) ;  (4)  the  muscles  of  the  pharynx  and 
soft  palate  ;  and  (5)  the  prevertebral  muscles. 

The  sterno-cleido-mastoid  muscle  is  the  prominent  muscle  projecting  on 
the  side  of  the  neck.  It  arises  by  two  heads — (1)  sternal,  from  the  anterior  surface 
of  the  manubrium  sterni,  and  (2)  clavicular,  from  the  upper  surface  of  the  clavicle  in 
its  inner  third.  The  muscle  is  inserted  into  the  mastoid  process  and  superior 
curved  line  of  the  occipital  bone. 

It  stretches  obliquely  across  the  neck,  separating  the  anterior  and  posterior 
triangles.  Superficially  it  is  crossed  by  the  platysma,  the  external  jugular  vein, 
and  some  of  the  superficial  branches  of  the  cervical  plexus.  It  conceals  the  splenius 
capitis,  digastric,  levator  anguli  scapulse,  scaleni  and  infra-hyoid  muscles,  the  carotid 
sheath,  the  cervical  plexus,  and  the  spinal  accessory  nerve.  The  last-named  nerve 
pierces  the  nmscle. 

Tlie  sterno-cleido-mastoid  muscle  is  properly  divisible  into  three  parts :  (1)  sterno-mastoid, 

placed  superficially,  and  passing  obliquely  from  the  sternum  to  the  mastoid  process  ;  (2)  cleido- 
mastoid,  ])laced  more  deeply,  and  directed  vertically  upwards  from  the  clavicle  to  the  mastoid 
process ;  and  (3)  cleido-occipitalis,  passing  obliquely  upwards  and  backwards  behind  the  cleido- 
mastoid  to  the  superior  curved  line  of  the  occipital  bone. 

The  sterno-mastoid  muscle  is  innervated  by  the  spinal  accessory  nerve,  joined  by  a  branch 
from  the  cervical  plexus  (C.  2). 

The  action  of  the  miiscle  is  referred  to  below. 

The  Muscles  of  the  Hyoid  Bone. 

The  infra  -  hyoid  muscles  comprise  the  omo  -  hyoid,  sterno  -  hyoid,  sterno- 
thyroid, and  thyro-hyoid  muscles. 
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The  omo-hyoid  is  a  double-bellied  muscle,  arising  by  its  posterior  belly  from 
the  superior  border  of  the  scapula  and  the  suprascapular  ligament.  It  forms  a 
narrow  muscular  band,  directed  obliquely  forwards  and  upwards,  to  end  in  an 
intermediate  tendon  beneath  the  sterno-mastoid  muscle.  From  this  tendon  the 
anterior  belly  proceeds  upwards  to  its  insertion  into  the  body  of  the  hyoid  bone. 

The  posterior  belly  of  the  muscle  separates  the  posterior  triangle  into  occipital 
and  subclavian  parts ;  the  anterior  belly  crosses  the  common  carotid  artery  at  the 
level  of  the  cricoid  cartilage,  and  in  the  anterior  triangle  forms  the  boundary 

Hj'poglossal  nerve    Vagus  nerve 
Recurrent  branch    I      |      Superior  cervical  ganglion  of  tlie  sympathetic 


Fig.  283.— The  Muscles  of  the  Hyoid  Bone  and  Styloid  Process,  and  the  Extrinsic  Muscles 

OF  the  Tongue,  with  their  Nerves. 


between  the  muscular  and  carotid  triangles.  A  process  of  the  deep  cervical  fascia 
binds  down  the  tendon  and  the  posterior  belly  to  the  scapula  and  iirst  rib. 

The  sterno-hyoid  muscle  arises  from  the  posterior  surface  of  the  presternum, 
from  the  back  of  the  first  costal  cartilage,  and  from  the  clavicle.  It  passes 
vertically  upwards  in  the  neck,  internal  to  the  omo-hyoid  and  in  front  of  the 
sterno-thyroid  muscle,  to  be  inserted  into  the  body  of  the  hyoid  bone.  Except 
near  its  origin  the  muscle  lies  superficially  in  the  anterior  triangle,  alongside  the 
omo-hyoid  and  in  front  of  the  sterno-thyroid  and  thyro-hyoid  muscles,  the  trachea, 
and  the  thyroid  body. 

The  sterno-thyroid  muscle  arises  beneath  the  sterno-hyoid  from  the  back  of 
the  presternum  and  first  costal  cartilage.    Broader  than  the  preceding  muscle,  it 
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passes  upwards  and  slightly  outwards  in  the  neck  in  front  of  the  trachea  and 
thyroid  body,  and  beneath  the  omo-hyoid  and  sterno-hyoid  muscles,  to  be.  inserted 
into  the  oblique  line  of  the  thyroid  cartilage.  The  muscle  is  marked  by  an  oblique 
tendinous  intersection  in  the  middle  of  its  length. 

The  thyro-hyoid  muscle  continues  the  line  of  the  preceding  muscle  to  the  hyoid 
bone.    Short  and  quadrilateral,  it  arises  from  the  oblique  line  of  the  thyroid 


Fig.  284. — The  Tdiangles  of  the  Neck  (Muscles). 


cartilage,  and  passing  over  the  thyro-hyoid  membrane  beneath  the  omo-hyoid  and 
sterno-hyoid,  it  is  inserted  into  the  body  of  the  hyoid  bone. 

The  levator  glandulse  thyroidese  is  an  occasional  slip  stretching  between  the  hyoid  bone 
and  tlie  isthmus  or  jiyraniid  of  the  thyroid  body. 

The  supra -hyoid  muscles  comprise  the  digastric,  stylo -hyoid,  mylo-hyoid, 
genio-hyoid  muscles,  and  also  the  genio-hyoglossus  and  hyoglossus,  to  be  described 
among  the  extrinsic  muscles  of  the  tongue. 

The  digastric  muscle  arises  by  its  posterior  belly  from  the  digastric  groove 
beneath  the  mastoid  process.  It  is  directed  downwards  and  forwards  to  end  in  an 
intermediate  tendon,  which  is  connected  by  a  pulley-like  band  of  cervical  fascia 
to  the  body  of  the  hyoid  bone.  The  anterior  belly  of  the  muscle  is  directed 
forwards  and  upwards  to  the  chin,  and  is  inserted  into  an  oval  impression  on  the 
lower  border  of  the  mandible  close  to  the  symphysis.  The  muscle  forms  the 
25 
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boundary  of  the  submaxillary  space.  The  posterior  belly  is  concealed  at  its  origin 
by  the  mastoid  process  and  the  muscles  attached  to  it.  It  crosses  the  carotid 
vessels  and  the  hypoglossal  nerve  in  the  anterior  triangle.  The  anterior  belly 
covers  the  mylo-hyoid  muscle. 

The  stylo-hyoid  muscle  arises  from  the  styloid  process  of  the  temporal  bone, 
and  is  inserted  into  the  body  of  the  hyoid  bone  by  two  slips  which  enclose  the 
tendon  of  the  digastric  muscle.  It  is  directed  downwards  and  forwards  alongside 
the  posterior  belly  of  the  digastric,  and  crosses  the  anterior  triangle  in  front  of  the 
carotid  vessels. 

The  mylo-hyoid  muscle  arises  from  the  lower  three-fourths  of  the  mylo-hyoid 
ridge  of  the  lower  jaw.  It  is  directed  downwards  and  inwards,  to  be  inserted  into 
the  upper  border  of  the  body  of  the  hyoid  bone,  and  more  anteriorly  (along  with 
the  opposite  muscle)  into  a  median  raphe  extending  from  the  hyoid  bone  nearly  to 
the  chin.  The  muscle  forms  a  diaphragm  in  tlie  floor  of  the  mouth,  and  has  in 
contact  with  its  external  surface  the  digastric  muscle  and  the  submaxillary  gland. 
Its  internal  surface  is  partially  covered  by  the  mucous  membrane  of  the  floor  of  the 
mouth,  and  is  separated  from  the  hyoglossus  and  genio-hyoglossus  muscles  by  the 
deep  part  of  the  submaxillary  gland,  the  subli'ngual  gland,  Wharton's  duct,  and 
the  lingual  and  hypoglossal  nerves. 

The  genio-hyoid  muscle  arises  from  the  lower  of  the  two  genial  tubercles  on 
the  back  of  the  symphysis  of  the  lower  jaw.  It  is  directed  downwards  and  back- 
wards, to  he  inserted  into  the  body  of  the  hyoid  bone.  The  muscle  is  concealed  by 
the  digastric  and  mylo-hyoid  muscles.  It  lies  along  the  lower  border  of  the  genio- 
hyoglossus.    The  muscles  of  opposite  sides  are  often  fused  together. 

The  Muscles  of  the  Tongue. 

The  muscular  substance  of  the  tongue  consists  of  two  symmetrical  series  of 
muscles  placed  on  either  side  of  a  membranous  raphe  in  the  middle,  line,  and 
composed  of  (1)  extrinsic  muscles  arising  from  the  soft  palate,  styloid  process,  hyoid 
bone  and  lower  jaw,  and  (2)  intrinsic  muscles,  proper  to  the  tongue  itself.  Each 
set  consists  of  four  series  of  muscles. 

The  extrinsic  muscles  are  four  in  number:  (1)  genio-hyo-glossus,  (2)  hyo- 
glossus, (3)  stylo-glossus,  and  (4)  palato-glossus. 

The  genio-hyo-glossus  muscle  (Fig.  283)  is  an  extrinsic  muscle  of  the  tongue 
as  well  as  a  supra-hyoid  muscle.  It  is  a  fan-shaped  muscle  arising  by  its  apex 
from  the  upper  of  the  two  genial  tubercles  behind  the  symphysis  of  the  lower  jaw. 
From  this  origin  the  muscular  flbres  diverge ;  the  lowest  fibres  are  directed  down- 
wards and  backwards,  to  be  inserted  into  the  body  of  the  hyoid  bone  ;  the  highest 
fibres  curve  forwards,  to  be  attached  to  the  tip  of  the  tongue  ;  the  intermediate  fibres 
are  attached  to  the  substance  of  the  tongue  between  the  base  and  tip.  The  muscles 
of  opposite  sides  are  separated  by  the  median  raphe  of  the  tongue.  On  the  outer 
side  of  each  are  placed  the  hyo-glossus  and  mylo-hyoid  muscles.  Between  the  hyo- 
glossus and  genio-hyo-glossus  are  found  the  stylo-hyoid  ligament,  the  Lingual  artery, 
and  the  glosso-pharyngeal  nerve. 

The  hyo-glossus  muscle  is  also  an  extrinsic  muscle  of  the  tongue  as  well  as  a 
supra-hyoid  muscle.  It  arises  from  the  hyoid  bone  (body  and  great  cornu),  and  is 
directed  upwards  and  forwards,  to  be  inserted  into  the  side  of  the  tongue,  inter- 
lacing with  the  stylo-glossus.  The  muscle  is  quadrilateral,  and  lies  between  the 
genio-hyo-glossus  and  mylo-hyoid  muscles,  separated  from  the  latter  by  the  mucous 
membrane  of  the  floor  of  the  mouth,  the  sublingual  and  part  of  the  submaxillary 
glands,  the  lingual  and  hypoglossal  nerves,  and  Wharton's  duct. 

The  chondro-glossus  is  a  small  separated  slij)  of  the  hyo-glossii.s,  not  always  present. 

The  stylo-glossus  muscle  arises  beneath  the  parotid  gland  from  the  lower 
end  of  the  styloid  process  and  from  the  stylo-mandibular  ligament.  Proceeding 
forwards  and  inwards,  it  is  inserted  iuto  tlie  side  and  under  surface  of  the  tongue,  its 
fibres  spreading  out  to  decussate  with  those  of  the  palato-glossus  and  hyo-glossus. 
The  muscle  is  covered  by  the  internal  pterygoid  muscle  and  the  mucous  membrane 
of  the  tongue. 
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The  palato-glossus  is  a  thin  sheet  of  muscular  fibres  arising  from  the  under 
surface  of  the  soft  palate,  where  it  is  continuous  with  fibres  of  the  opposite  muscle. 
It  passes  downwards  in  the  anterior  pillar  of  the  fauces,  and  spreads  out,  to  be  in- 
serted into  the  sides  of  the  tongue,  blending  with  the  stylo-glossus  and  the  deep 
transverse  fibres  of  the  tongue.  The  muscle  is  placed  directly  beneath  the  mucous 
membrane  of  the  soft  palate  and  tongue. 

Intrinsic  Muscles  of  the  Tongue. — Besides  receiving  the  fibres  of  insertion 
of  the  extrinsic  muscles,  the  substance  of  the  tongue  is  composed  of  four  intrinsic 
muscles  on  either  side,  two  in  the  sagittal  plane,  the  superior  and  inferior  linguales ; 
two  in  the  coronal  plane,  the  transverse  and  vertical  fibres. 

The  superior  lingualis  muscle  extends  from  base  to  tip  of  the  tongue,  placed  on 
its  dorsum  immediately  under  the  mucous  membrane,  into  which  many  of  its  fibres 
are  inserted. 

The  inferior  lingualis  is  a  cylindrical  band  of  muscular  fibres  occupying  the  under 
part  of  the  organ  on  each  side,  in  the  interval  between  the  genio-hyo-glossus  and  the 
hyo-glossus  muscles.    Posteriorly  some  of  its  fibres  extend  to  the  hyoid  bone. 

The  transverse  fibres  arise  from  the  median  raphe,  and  radiate  outwards  to  the 
dorsum  and  sides  of  the  tongue,  decussating  with  the  extrinsic  muscles  and  the 
fibres  of  the  vertical  muscle.  They  occupy  the  substance  of  the  tongue  between  the 
superior  and  inferior  linguales. 

The  so-called  vertical  fibres  arise  from  the  dorsal  surface  of  the  tongue,  and 
sweep  downwards  and  outwards  to  its  sides,  intermingled  with  the  fibres  of  the 
previous  muscle  and  the  insertions  of  the  extrinsic  muscles.  These  two  muscles 
form  a  very  considerable  part  of  the  total  muscular  substance  of  the  organ. 

Neeve  Supply. 

The  muscles  of  the  hj'oid  bone  and  of  the  tongue  are  for  the  most  part  supplied  by  the  ansa 
cervicalis  (C.  1.  2.  3.)  and  by  the  hypoglossal  nerve.  A  few  of  the  muscles  are  supplied  hy  the 
trigeminal,  facial,  and  spinal  accessory  nerves. 


Muscles. 

Nerves. 

Origin. 

Omo-hyoid  

Sterno-hyoid  

Sterno-thyroid  

Thyro-hyoid  

Genio -hyoid  

Genio-hyo-glossus  .... 
Hyo-glossus        .       .       .  ■. 
Stylo-glossus      .       ■  X  ■ 
Intrinsic  muscles  of  tongue 

Palato-glossus  

Mylo-hyoid   

Digastric  

Anterior  belly  .... 

Posterior  belly  .... 
Stylo-hyoid  

1  Ansa  cervicalis  . 

Pharyngeal  plexus  . 

]  Mylo-hyoid  branch  of  in- 
1     feiior  dental  nerve 

1  Facial 

C.  1.  2.  3. 

1     C.  1.  2. 

1  XII. 
XL 

VII. 

Actions. 

These  muscles  of  the  neck  have  a  complexity  of  muscular  action,  owing  to  their  numerous 
attachments  to  more  or  less  movable  points.  The  movements  for  which  they  are  responsible  in 
whole  or  part  are  (1)  movements  of  the  hyoid  bone  in  mastication  and  deglutition,  (2)  movements 
of  the  thyroid  cartilage,  (3)  movements  of  the  tongue,  (4)  movements  of  the  head,  (5)  movements 
of  the  shoulder,  and  (6)  respiration. 

(1)  Movements  of  the  Hyoid  Bone. — The  hyoid  bone  is  elevated  or  depressed,  and  moved 
forwards  or  backwards  along  with  the  lower  jaw  and  tongue,  in  speech,  mastication,  and 
swallowing. 
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a.  Elevation    and  Depression. 

h.  Protraction    and  Retraction. 

Digastric 
Stylo-hyoid 
Mylo-hyoid 
Geiiio-liyoid 
Genio-hyo-glossus 
Hyo-glossus 
Muscles  closing  the 
month 

Tliyro-hyoid 
Sterno-hj-oid 
Oiiio-hyoid 
Sterno-tliyroid 

Genio-hyoid 
Genio-hyo-glossus 

Stylo-hyoid 
Middle  constrictor 

■ 

(2)  Movements  of  the  Thyroid  Cartilage. — The  thyroid  curtilage  is  raised  and  lowered 
during  sj)eech  and  deglutition. 


Elevation. 

Depression. 

Thyro-hyoid 
Stylo-pharyngeus 
Pa]  a  to  -  phary  ngeus 
Elevators  of  hyoid  bone 
Muscles  closing  mouth 

Sterno-thyroid 
Crico-tliyroid 
Depressors  of  hyoid  lione 

(3)  Movements  of  the  Tongue. — The  chief  movements  of  the  tongue  in  speech  and  de- 
glutition are  elevation  and  depression,  jirotrusion  and  retraction,  and  lateral  mo\'enients. 


a.  Elevation      and  Depression. 


Stylo-glossns  (base) 
Palato-glossns 

Muscles  elevating  hyoid  bone 
Muscles  closing  laouth 


Genio-hyo-glossns 
Hyo-glossus 
C  hond  r  o  -glossns 

Muscles  depressing  the  hyoid  bone 


h.  Protrusion 

and  Betraction. 

Genio-hyo-glossus  {fosterior  fibres) 

Genio-hyo-glossns  {anterior  fibres) 

Stylo-glossus 

e.  Lateral  Movements. 

— The  muscles  of  one  side  only. 

(4)  Movements  of  the  Head. — The  sterno-mastoid  muscles,  acting  together,  flex  the  head  on 
the  spinal  column,  assisted  liy  the  suj)ra-hyoid  and  infra-hyoid  muscles.  The  sterno-mastoid  muscle 
of  one  side,  acting  alone,  bends  the  head  to  the  same  side,  and  simultatieously  rotates  it  to  the 
opposite  side,  as  seen  in  torticollis  (wryneck). 

(5)  Movements  of  the  Shoulder  Girdle.^ — The  omo-hyoid  and  sterno-mastoid  muscles  have 
already  been  included  among  the  elevators  of  the  shoulder  girdle. 

(6)  Respiration. — The  muscles  on  the  front  of  the  neck  are  auxiliary  muscles  in  extraordinary 
or  difficult  insjiiration.  The  masseter  and  temjioral  muscles  fix  the  lower  jaw  ;  the  hyoid  bone  is 
raised  and  fixed  by  the  suj)ra-hyoid  muscles  ;  and  the  sternum  is  raised  by  the  sterno-mastoid  and 
infra-hyoid  muscles. 

The  Muscles  of  the  Pharynx. 

The  muscular  envelope  of  the  pharynx  is  composed  of  two  strata.  The  external 
layer  consists  of  the  three  constrictor  muscles ;  the  internal  layer  consists  of  the 
longitudinal  fibres  of  the  stylo-pharyngeus  and  palato-pharyugeus  muscles. 

The  superior  constrictor  muscle  is  triangular  or  fan -shaped.  It  arises 
successively  from  the  lower  half  of  the  posterior  border  of  the  internal  pterygoid 
plate,  from  the  pterygo-mandibular  ligament,  from  the  mylo-hyoid  ridge  of  the 
lower  jaw,  and  from  the  mucous  membrane  of  the  floor  of  the  mouth  (glosso- 
pharyngeus).  The  muscular  fibres  radiate  backwards,  and  are  inserted  for  the 
most  part  into  a  median  raphe  extending  down  the  back  wall  of  the  pharynx  in 
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Eustachian  tube 

Levator  palati 
MUSCLE  (cut) 

Tensor  palati 
Superior 
constrictor 

Buccinator 

Pterygo-inandi- 
bulai'  ligament 

Stylo- 
pharvngeus 

Middle 
constrictor 


the  middle  line.  The  highest  fibres  are  attached  to  the  pharyngeal  spine  of  the 
occipital  bone,  and  the  lowest  fibres  are  overlapped  by  the  middle  constrictor.  A 
crescentic  interval  occurs  above  the  muscle,  below  the  base  of  the  skull,  in  which 
the  Eustachian  tube  and  the  levator  .  , 

.  I"  ibrous  aponeurosis  of  tlie  pharynx 

and  tensor  palati  muscles  appear. 
The  lower  border  of  the  muscle  is 
separated  from  the  middle  constrictor 
by  the  stylo-pharyngeus  muscle  and 
the  glosso -pharyngeal  nerve.  It 
separates  the  internal  carotid  artery 
from  the  cavity  of  the  pharynx  and 
tonsil. 

The  middle  constrictor  muscle 
arises  from  the  stylo-hyoid  ligament 
and  both  cornua  of  the  hyoid  bone. 
From  its  origin  the  muscular  fibres 
radiate  backwards,  to  be  inserted  into 
the  median  raphe  on  the  posterior 
aspect  of  the  pharynx.  The  upper 
fibres  overlap  the  lower  part  of  the 
superior  constrictor  ;  the  lower  fibres 
are  concealed  from  view  by  the  in- 
ferior constrictor  muscle.  In  the 
interval  between  the  middle  and  in- 
ferior constrictors  are  found  the 
internal  laryngeal  artery  and  nerve. 

The  inferior  constrictor  muscle 
arises  from  the  oblique  line  of  the 
thyroid  cartilage,  and  from  the  side 
of  the  cricoid  cartilage.  Its  fibres 
radiate  backwards,  to  be  inserted  into 
the  median  raphe  on  the  back  of  the 
pharynx,  the  upper  fibres  overlapping 
the  lower  part  of  the  middle  con- 
stricter,  the  lower  fibres  blending 
with  the  muscular  fibres  of  the  oesophagus.  Below  the  lower  border  of  the  muscle 
the  inferior  laryngeal  artery  and  nerve  enter  into  relation  with  the  larynx. 


Inferior  constrictor 


-Posterior  View  of  the  Pharynx  and 
Constrictor  Muscles. 


The  deeper  longitudinal  stratum  of  muscles  in  the  pharyngeal  wall  is  com- 
posed of  the  insertions  of  the  stylo-pharyngeus  and  palato-pharyngeus. 

The  stylo-pharyngeus  muscle  arises  from  the  root  of  the  styloid  process  on  its 
inner  side,  and  passing  downwards  between  the  carotid  arteries,  it  enters  the  wall 
of  the  pharynx  in  the  interval  between  the  superior  and  middle  constrictor  muscles. 
Spreading  out  beneath  the  middle  constrictor  muscle,  it  is  inserted  into  the  superior 
and  posterior  borders  of  the  thyroid  cartilage  and  into  the  wall  of  the  pharynx 
itself,  becoming  continixous  posteriorly  with  the  palato-pharyngeus.  In  the  neck 
the  glosso-pharyngeal  nerve  crosses  it. 

The  palato-pharyngeus  occupies  the  soft  palate  and  the  pharyngeal  wall.  In 
the  substance  of  the  soft  palate  it  consists  of  two  layers,  a  postero-superior  layer, 
thin,  and  continuous  across  the  middle  line  with  the  corresponding  layer  on  the 
opposite  side,  and  an  antero-inferior  layer,  which  is  thicker,  and  is  attached  to  the 
posterior  border  of  the  hard  palate.  The  levator  palati  and  azygos  uvulte  muscles 
are  enclosed  between  the  two  layers,  which  unite  at  the  posterior  edge  of  the  palate, 
receiving  at  the  same  time  additional  fibres  arising  from  the  Eustachian  tube 
(salpingo-pharyngeus).  The  muscle  descends  to  the  pharynx  in  the  posterior  pillar 
of  the  fauces.  Its  fibres  spread  out  in  the  form  of  a  thin  sheet  in  the  wall  of 
the  pharynx,  in  continuity  anteriorly  with  the  stylo-pharyngeus,  and  are  inserted 
into  the  posterior  border  of  the  thyroid  cartilage,  and  behind  that  into  the 
aponeurosis  of  the  pharynx,  reaching  down  as  far  as  the  lower  border  of  the  inferior 
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constrictor.  The  muscle  is  placed  Ijeneatli  the  middle  and  inferior  constrictors  in 
the  pharyngeal  wall,  and  the  fibres  of  the  muscles  of  opposite  sides  decussate  in  the 
middle  line  beneath  the  median  raphe. 


The  Muscles  of  the  Soft  Palate. 


The  muscular  fold  of  the  soft  palate  and  uvula  is  composed  of  five  pairs  of 
muscles  on  each  side,  attached  to  the  skull,  hard  palate,  pharynx,  and  tongue — the 
palato-pharyngeus  (and  salpingo-pharyngeus),  azygos  uvulfe,  levator  palati,  tensor 

palati,  and  palato- 
glossus. 

The  palato- 
phary ngeu  s 
muscle  has  been 
already  described 
(p.  389)  among 
the  muscles  of  the 
pharynx. 

The  azygos 
uvulae  consists 
of  two  narrow 
bundles  enclosed, 
along  with  the 
insertion  of  the 
levator  palati, 
between  the 
layers  of  the 
palato-pharyn- 
geus. The  slips 
arise  from  the 
posterior  nasal 
spine  and  the 
aponeurosis  of  the 
soft  palate,  and 
unite  as  they  pro- 
ceed backwards  to 
end  in  the  uvula. 

The  levator 
palati  has  a 
double  origin :  (1) 
from  the  under 
surface  of  the 
apex  of  the  pet- 
rous portion  of 
the  temporal 
bone,and  (2) from 
the  lower  part  of 
the  cartilaginous 
Eustachian  tube. 

It  passes  obliquely  downwards  and  inwards,  across  the  upper  border  of  the  superior 
constrictor  muscle,  and  afterwards  between  the  two  layers  of  the  palato-pharyngeus 
muscle  to  enter  the  soft  palate,  into  the  aponeurosis  of  which  it  is  inserted.  Some 
of  its  fibres  become  continuous  with  those  of  the  opposite  muscle.  It  is  separated 
from  the  tensor  palati  by  the  Eustachian  tube  and  the  deeper  layer  of  the  palato- 
pharyngeus  muscle. 

The  tensor  (circumflexus)  palati  arises  from  the  scaphoid  fossa  and  the  alar 
spine  of  the  sphenoid  bone,  and  from  the  outer  side  of  the  cartilaginous  Eustachian 
tube.  It  descends  between  the  internal  pterygoid  muscle  and  the  internal  ptery- 
goid plate,  and  ends  in  a  tendon  which  hooks  round  the  hamular  process,  and  is 


Buccinator 


Mylo-hyoid 
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Fig.  286. — Lateral  View  of  the  Wall  of  the  Pharynx. 
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inserted  beneath  the  levator  palati  into  the  posterior  border  of  the  hard  palate,  and 
into  the  aponeurosis  of  the  soft  palate. 

The  palato-glossus  muscle  occupying  the  under  surface  of  the  soft  palate  and 
the  anterior  pillar  of  the  fauces,  has  already  been  described  with  the  muscles  of  the 
tongue  (p.  382). 

Nerve  Supply. 

The  chief  nerve  supply  of  the  muscles  of  the  pharynx  and  soft  palate  is  the  spinal  accessory- 
nerve,  aided  by  the  fifth  (otic  ganglion)  and  the  ninth  (glosso-pharjTigeal)  nerves  and  the  laryngeal 
branches  of  the  vagus  nerve. 
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Actions. 

The  muscles  of  the  pharyny  and  soft  palate  are  chiefly  brought  into  action  in  the  act  of 
s-w-allQ-w-ing.  This  act  is  divided  into  a  voluntary  stage,  in  -which  the  bolus  lies  in  front  of  the 
pillars  of  the  fauces,  and  an  involuntary  stage,  during  -wdiich  the  food  passes  from  the  mouth 
through  the  pharynx.  The  movements  occurring  during  the  passage  of  food  through  the  mouth 
are  as  follows  :  the  cheeks  are  compressed  by  the  action  of  the  buccinator  muscles  ;  the  tongue, 
hyoid  bone,  and  thyroid  cartilage  are  successively  raised  up-wards  by  the  action  of  the  muscles 
which  close  the  mouth  and  elevate  the  hyoid  bone.  By  these  means  the  food  is  pushed  back- 
wards between  the  jDillars  of  the  fauces. 

At  the  same  time,  by  the  contraction  of  the  palato-glossus  and  palato-pharyngeus,  the  pillars  of 
the  fauces  are  narrowed,  while  the  muscles  of  the  soft  palate,  contracting,  tighten  the  soft  palate, 
and  by  bringing  it  in  contact  with  the  posterior  wall  of  the  pharynx,  shut  off  the  upper  (nasal) 
portion  of  the  cavity.  The  elevation  of  the  tongue,  hyoid  bone,  and  larynx  simultaneously  raise 
the  epiglottis  and  the  opening  of  the  glottis,  which  is  closed  by  the  approximation  of  the  arytenoid 
cartilages  and  the  combined  action  of  laryngeal  muscles  (arytenoideus,  thyro-arytenoideus,  and 
thyro-aryteno-epiglottideus).  The  food  thus  slips  over  the  posterior  surface  of  the  epiglottis  and 
the  closed  opening  into  the  larynx,  and  between  the  pillars  of  the  fauces  on  either  side,  to  the 
pharynx.  It  is  now  clasped  by  the  constrictor  muscles,  which,  by  frequent  contractions,  force  it 
down  into  the  oesophagus.  The  contraction  of  the  constrictor  muscles  results  in  a  flattening  of  the 
pharynx  and  elevation  of  its  anterior  attachments. 

During  swallowing  the  tensor  palati,  besides  stretching  the  soft  palate,  is  generally  regarded 
as  opening  the  Eustachian  tube*  It  has  been  held,  on  the  other  hand,  that  the  Eustachian  tube  is 
closed  during  swallowing  by  the  compression  of  its  wall  by  the  contraction  of  the  levator  palati. 

Lateral  and  Peevertebral  Muscles  of  the  Neck. 

Three  series  of  muscles  ''are  comprised  in  this  group :  (1)  vertebro-costal 
(scaleni,  anticus,  medius,  and  posticus),  (2)  vertebro-cranial  (recti  capitis  antici, 
major  and  minor,  and  lateralis),  and  (3)  vertebral  (longus  colli). 

The  scalenus  anticus  arises  from  the  anterior  tubercles  of  the  transverse 
processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebrae,  and  descends 
behind  the  carotid  sheath,  to  be  inserted  into  the  scalene  tubercle  and  ridge  on  the 
first  rib.  In  front  of  the  muscle  are  the  subclavian  and  internal  jugular  veins,  and 
the  nerves  descending  through  the  neck.  Behind,  it  is  separated  from  the  scalenus 
medius  by  the  cords  of  the  brachial  plexus,  the  subclavian  artery,  and  the  pleura. 

The  scalenus  medius  arises  from  the  posterior  tubercles  of  the  transverse 
processes  of  the  cervical  vertebrse,  from  the  second  to  the  sixth.  It  descends  in  the 
floor  of  the  posterior  triangle,  to  be  inserted  into  the  rough  impression  on  the  first 
rib  behind  the  subclavian  artery.  The  muscle  is  covered  anteriorly  by  the  cords  of 
the  brachial  plexus,  subclavian  artery,  and  omo-hyoid  muscle,  and  is  in  contact 
behind  -with  the  levator  anguli  scapulte  and  the  scalenus  posticus.  It  is  pierced  by 
the  posterior  scapular  and  posterior  thoracic  nerves. 
25  a 
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The  scalenus  posticus  arises  from  the  posterior  tubercles  of  the  fourth,  fifth, 

and  sixth  cervical 
transverse  processes, 
and  is  inserted  into  the 
rough  impression  on 
the  outer  side  of  the 
second  rib.  It,  is 
concealed  behind  by 
the  levator  anguli 
scapulae,  and  is  in 
contact  anteriorly 
with  the  scalenus 
medius. 

The  rectus  capitis 
anticus  major  arises 
from  the  anterior 
tubercles  of  the  trans- 
verse processes  of  the 
third,  fourth,  fifth,  and 
sixth  cervical  verte- 
brse.  It  forms  a  flat 
triangular  muscle, 
which  is  directed  up- 
wards, to  be  inserted 
into  the  basilar  process 
of  the  occipital  bone 
behind  the  pharyngeal 
spine.  It  lies  on  the 
cervical  vertebrse  be- 
hind the  carotid 
vessels  and  the 
pharynx,  external  to 
the  longus  colli,  and  internal  at  its  origin  to  the  scalenus  anticus. 

The  rectus  capitis  anticus  minor  arises  from  the  anterior  arch  of  the  atlas,  and 
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Fig.  287.— The  Prevertebral  Muscles  of  the  Neck. 
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Fig.  288. — Scheme  op  Muscular  Attachments  to  Cervical  Vertebra. 

is  inserted  into  the  basilar  process  between  the  previous  muscle  and  the  foramen 
magnum.    It  is. concealed  by  the  rectus  capitis  anticus  major. 
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The  longTlS  colli  is  a  flattened  muscular  band  extending  from  the  third  thoracic 
vertebra  to  the  atlas.  It  is  divisible  into  three  portions  —  a  vertical,  a  lower 
oblique,  and  an  upper  oblique  portion. 

The  vertical  portion  of  the  muscle  arises  from  the  bodies  of  the  first  three 
thoracic  and  the  last  three  cervical  vertebrse ;  and  passing  vertically  upwards, 
is  inserted  into  the  bodies  of  the  second,  third,  and  fourth  cervical  vertebrce. 

The  lower  oblique  portion  arises  from  the  bodies  of  the  first  three  thoracic 
vertebrse,  and  is  inserted  into  the  anterior  tubercles  of  the  fifth  and  sixth  cervical 
vertebrse. 

The  upper  oblique  portion  arises  from  the  anterior  tubercles  of  the  transverse 
processes  of  the  third,  fourth,  and  fifth  cervical  vertebrse,  and  is  directed  upwards,  to 
be  inserted  into  the  anterior  tubercle  of  the  atlas. 

The  longus  colli  clothes  the  front  of  the  vertebral  column  in  the  neck,  and 
is  separated  by  the  deep  cervical  fascia  from  the  carotid  vessels,  pharynx,  and 
oesophagus. 

The  rectus  capitis  lateralis,  in,  series  with  the  posterior  inter  -  transverse 
•  muscles  in  the  neck,  arises  from  the  transverse  process  of  the  atlas,  and  is  inserted 
into  the  under  surface  of  the  ex-occipital  bone.    It  is  placed  alongside  the  recti 
capitis  antici,  separated  from  them  by  the  anterior  primary  division  of  the  first 
cervical  nerve. 

Nerve  Supply. 

The  prevertebral  muscles  are  all  supplied  by  anterior  primary  divisions  of  the  cervical  spinal 
nerves :  the  rectus  capitis  anticus  minor,  and  rectus  capitis  lateralis,  by  the  loop  between  the  first 
two  nerves  ;  the  rectus  capitis  anticus  major  by  the  first  four  ;  the  longus  colli  by  the  second, 
third,  and  fourth  ;  the  scaleni  by  the  lower  four  or  five  cervical  nerves. 

Actions. 

The  movements  produced  by  these  muscles  are  considered  along  with  those  of  other  muscles 
acting  on  the  head,  spinal  column,  and  thorax. 

THE  MUSCLES  OF  THE  THORAX. 

Muscles  of  Eespiration. 

The  muscles  which  complete  the  boundaries  of  the  thorax  are  the  diaphragm 
and  intercostal  muscles  (external  and  internal),  along  with  three  series  of 
smaller  muscles — the  triangularis  sterni,  the  levatores  costarum,  and  the  infra- 
costales. 

The  intercostal  muscles  are  arranged  in  eleven  pairs,  forming  thin  layers 
filling  up  the  intercostal  spaces. 

The  external  muscle  arises  from  the  sharp  lower  border  of  the  rib,  and 
is  directed  downward  and  forward,  to  be  inserted  into  the  outer  edge  of  the 
upper  border  of  the  rib  below.  It  extends  from  the  tubercle  of  the  rib 
behind  nearly  to  the  costal  cartilage  in  front.  The  anterior  intercostal 
aponeurosis  is  continuous  with  it  anteriorly,  and  extends  forwards  to  the  side  of 
the  sternum. 

The  internal  muscle  arises  from  the  costal  cartilage  and  the  inner  edge  of  the 
subcostal  groove,  and  is  directed  downwards  and  backwards,  to  be  inserted  into  the 
inner  edge  of  the  upper  border  of  the  rib  and  costal  cartilage  below.  It  extends 
from  the  side  of  the  sternum  in  front  to  the  angle  of  the  rib  behind,  where  it 
becomes  continuous  with  the  posterior  intercostal  aponeurosis  extending  to  the 
tubercle  of  the  rib. 

The  external  intercostal  muscles  are  covered  by  the  pectoral  muscles,  serratus 
magnus  and  the  muscles  of  the  back  ;  the  internal  muscles  are  in  contact  with 
the  ^pleura.  The  intercostal  vessels  and  nerve  lie  between  the  two  muscles 
posteriorly. 

The  levatores  costarum  are  in  series  with  the  external  intercostal 
muscles.  They  are  twelve  small  slips  arising  from  the  transverse  processes  of 
the  seventh  cervical  and  upper  eleven  thoracic  vertebrse.    They  spread  out  in 
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a  fan-like  manner  as  they  descend,  to  be  inserted  into  the  outer  surface  of  the 
ribs  posterior  to  the  angles.  They  lie  under  cover  of  the  longissimus  dorsi 
muscle. 

The  infra-costales  (subcostales)  are  slips  of  muscles  found  on  the  inner  surface 
of  the  lower  ribs  near  their  angles.  They  are  in  series  with  the  internal  inter- 
costal muscles,  but  pass  over  the  deep  surface  of  several  ribs. 

The  triangularis  sterni  (m.  transversus  thoracis)  occupies  the  posterior  aspect 
of  the  anterior  thoracic  wall.  It  arises  from  the  back  of  the  ensiform  cartilage 
and  mesosternum  as  high  as  the  level  of  the  third  costal  cartilage.  From  this 
origin  its  fibres  radiate  outwards,  the  lower  ones  horizontally,  the  upper  ones 
obliquely  upwards,  to  be  inserted  into  the  costal  cartilages  of  all  the  true  ribs 


Fig.  289. — The  Muscles  of  the  Thoracic  Wall.  • 


except  the  first  and  seventh.  The  muscle  lies  against  the  pericardium  and  pleura. 
It  is  separated  from  the  chest -wall  by  the  internal  mammary  vessels  and  the 
anterior  branches  of  the  intercostal  nerves.  The  muscle  is  continuous  l)elow  with 
the  transversalis  abdominis. 

The  diaphragm  is  the  great  membranous  and  muscular  partition  separating 
the  cavities  of  the  thorax  and  abdomen.  It  forms  a  thin  lamella  arching  over 
the  liver,  stomach,  and  spleen,  with  its  convex  upper  surface  in  contact  with  the 
pericardium,  pleura  and  chest-wall.  It  possesses  a  peripheral  origin  from  the 
sternum,  ribs  and  vertebral  column,  and  an  insertion  into  a  central  tendon.  It 
arises  (1)  anteriorly  from  the  posterior  surface  of  the  ensiform  cartilage  by  two 
slender  fleshy  slips,  directed  backwards ;  (2)  laterally,  from  the  deep  surface  of  the 
lower  six  ribs  on  each  side  by  fleshy  bands  which  interdigitate  with  those  of  the 
transversalis  abdominis ;  (3)  posteriorly,  from  the  lumbar  vertebrse,  by  the  crura. 
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and  from  the  arcuate  ligaments.  The  crura  are  two  elongated  fibro-muscular  bundles 
which  arise  from  the  front  of  the  bodies  of  the  lumbar  vertebrse,  on  the  right  side  from 
the  first  three,  on  the  left  side  from  the  first  two  vertebrie.  They  are  directed 
upwards,  and  passing  in  front  of  the  aorta,  decussate  across  the  middle  line  in  front 
of  that  vessel,  the  fibres  of  the  riglit  crus  passing  in  front  of  those  of  the  left  crus. 
The  fibres  then  encircle  the  oesophagus,  forming  an  elliptical  opening  for  its  passage, 
and  finally  join  the  central  tendon,  after  a  second  decussation  in  front  of  the 
gullet. 

The  arcuate  ligaments  are  five  in  number. 

The  middle  arcuate  ligament  is  a  fibrous  arch  connecting  together  the  crura  of 
the  diaphragm  in  front  of  the  aorta,  and  giving  origin  to  fibres  which  join  the  crura 
as  they  decussate  to  encircle  the  gullet. 

The  internal  arcuate  ligament  is  a  thickening  formed  by  the  attachment  of  the 
psoas  fascia  to  the  body  of  the  first  lumbar  vertebra  internally  and  its  transverse 
process  externally.    Stretching  across  the  upper  end  of  the  psoas  miiscle,  the 


Right  cms  of  diaphragm  Left  cms  of  diaphragm 


Fig.  290. — The  Diaphragm  (from  below). 

ligament  gives  origin  to  muscular  fibres  directed  upwards  on  each  side  of  the 
crura. 

The  external  arcuate  ligament  is  the  thickened  upper  end  of  the  fascia  over  the 
quadratus  lumborum  (anterior  layer  of  the  lumbar  fascia),  and  is  attached  inter- 
nally to  the  transverse  process  of  the  first  lumbar  vertebra,  and  externally  to  the 
last  rib.  It  gives  origin  to  another  broad  band  of  muscular  fibres,  separated 
from  those  arising  from  the  internal  arcuate  ligament  by  an  interval,  and  passing 
upwards  to  the  central  tendon  of  the  diaphragm. 

From  this  extensive  origin  the  muscular  fibres  of  the  diaphragm  converge  to 
an  insertion  into  a  large  trilobed  central  tendon.  Of  its  lobes  the  right  one  is  the 
largest,  the  middle  or  anterior  intermediate  in  size,  and  the  left  the  smallest.  It 
does  not  occupy  the  centre  of  the  muscle,  being  placed  nearer  the  front  "than  the 
back.  The  fibres  of  the  crura  are  consequently  the  longest ;  those  from  the  sternum 
the  shortest. 

The  diaphragm  is  pierced  by  numerous  structures.  The  superior  epigastric 
artery  enters  the  sheath  of  the  rectus  abdominis  between  its  sternal  and  costal 
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oi'igins ;  the  musculo-phrenic  artery  passes  between  the  attachments  to  the  seventh 
and  eighth  ril)s.  The  sympathetic  cord  and  the  splanchnic  nerves  pierce  or  pass 
behind  the  diaphragm ;  the  last  thoracic  nerve  passes  beneath  the  external  arcuate 
ligament ;  and  the  aorta,  the  vena  azygos  major  and  thoracic  duct  pass  between 
the  crura,  beneath  the  middle  arcuate  ligament  (aortic  opening).  The  special 
foramina  are  two  in  number.  The  foramen  quadratum  in  the  right  lobe  of  the 
central  tendon  transmits  the  inferior  vena  cava,  and  small  branches  of  the  right 
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phrenic  nerve.  The  oesophageal  opening  is  in  the  muscular  substance  of  the 
diaphragm,  behind  the  central  tendon,  and  is  surrounded  by  a  sphincter -like 
arrangement  of  the  crural  fibres.  Besides  the  oesophagus,  this  opening  transmits 
the  two  pneumogastric  nerves.  The  upper  convex  surface  of  the  diaphragm  forms 
the  sloping  floor  of  the  thorax,  and  is  in  contact  with  the  pleurte,  and  the  peri- 
cardium (wliich  is  firmly  bound  down  to  the  central  tendon,  and  less  firmly  to  the 
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muscular  fibres  on  the  left  side).  By  its  lateral  margins  the  diaphragm  is  in 
contact  with  the  thoracic  wall  beyond  the  reflection  of  the  pleura,  and  behind  with 
the  oesophagus  and  descending  thoracic  aorta.  The  under  surface  of  the  diaphragm 
is  concave,  and  is  for  the  most  part  invested  by  peritoneum.  It  is  in  relation  with 
the  liver,  stomach,  spleen,  kidneys,  suprarenal  bodies,  duodenum  and  pancreas,  the 
inferior  vena  cava,  and  the  branches  of  the  coeliac  axis.  Its  vault  is  higher  on  the 
right  side  than  on  the  left,  owing  to  the  upward  projection  of  the  liver  on  that  side. 

The  diaphragm  is  found  as  a  complete  septum  between  the  tliorax  and  abdomen  only  in 
mammals.  It  is  occasionally  deficient  in  the  human  subject,  producing  hernia  of  the  diaphragm, 
either  into  the  pericardial  cavity  through  the  central  tendon,  or  iiito  the  thoracic  cavity  through 
the  lateral  portions  of  the  muscle.  A  rare  condition  is  congenital  deficiency  of  a  part  of  the 
lateral  half  of  the  muscle,  generally  placed  posteriorly,  and  on  the  left  side.  This  produces,  by 
continuity  of  the  peritoneum  and  pleura  behind  the  diaphragm,  a  congenital  diaphragmatic 
hernia. 

Nerve  Supply. 

The  intercostal  muscles,  levatores  costarum,  infra-costal  muscles,  and  triangularis  sterni,  are 
all  supplied  by  the  anterior  primary  divisions  of  the  intercostal  nerves.  The  diaphragm  receives 
its  chief,  if  not  its  entire,  motor  supply  from  the  phrenic  nerves  (C.  3.  4.  5.).  It  is  innervated 
also  by  the  diaphragmatic  plexus  of  the  sympathetic,  and  is  said  to  receive  fibres  from  the-  lower 
intercostal  nerves. 

Actions. 

The  act  of  respiration  consists  of  two  opposite  movements,  inspiration  and  expiration. 

1.  The  movement  of  expiration  is  performed  by  (1)  the  elasticity  of  the  lungs,  (2)  the  weight 
of  the  chest  walls,  (3)  the  elevation  of  the  diaphragm,  (4)  the  action  of  muscles — triangularis 
sterni  and  muscles  of  the  abdominal  wall.  It  is  sometimes  stated  that  the  interosseous  fibres  of 
the  internal  intercostal  muscles  are  depressors  of  the  ribs. 

2.  The  movement  of  inspiration  (the  elevation  and  forward  movement  of  the  sternum,  and 
the  elevation  and  eversion  of  the  ribs)  produces  enlargement  of  the  thoracic  cavity  antero- 
posteriorly  and  transversely.    Its  vertical  diameter  is  increased  by  the  descent  of  the  diaphragm. 

The  muscles  of  inspiration  are  divided  into  two  series — ordinary  and  accessory. 


a.  Ordinary  Muscles. 

h.  Extraordinary  and  Accessory  Muscles. 

Diaphragm 
Intercostals 
Scaleni 
Serrati  postici 
Levatores  costarum 

Quadratus  lumljorum 
Pectorales 
Serratus  magnus 
Sterno-mastoid 
Latissimus  dorsi 
Infra-hyoid  muscles 
Extensors  of  the  sj^ine 

Of  the  ordinary  muscles,  the  diajjhragm  is  the  most  important.  Its  action  is  twofold- 
centrifugal,  elevating  the  ribs  and  increasing  the  transverse  and  antero-posterior  diameters  of 
the  thorax,  and  centripetal,  drawing  downwards  the  central  tendon  and  increasing  tlie  vertical 
diameter  of  the  thorax.  Of  the  two  movements  the  former  is  the  more  imj)ortant.  There  has 
been  considerable  diversity  of  opinion  regarding  the  action  of  the  intercostal  muscles.  It  is 
generally  agreed  that  the  external  muscles  elevate  the  ribs ;  it  is  probable  that  the  whole  of  each 
internal  muscle  acts  in  the  same  way,  although  it  has  been  stated  by  different  observers  that  the 
whole  internal  muscle  is  a  depressor ;  or  that  the  interosseous  part  is  a  depressor,  the  inter- 
chondral  ^Jortion  of  the  muscle  an  elevator  of  the  ribs. 


FASCI.^  AND  MUSCLES  OF  THE  ABDOMINAL  WALL. 

The  space  between  the  margins  of  the  bony  thorax  and  the  pelvis  is  filled  up  by 
a  series  of  muscles,  covered  externally  and  internally  by  fasciee.  The -muscles  are 
in  three  series — anterior,  lateral,  and  posterior.  The  anterior  muscles  are  the 
pyramidalis  and  rectus  abdominis ;  the  lateral  muscles  are  the  obliqui,  externus  and 
internus,  and  the  transversalis  abdominis  ;  the  posterior  muscles  are  the  quadratus 
lumborum,  and  the  psoas  (magnus  and  parvus)  and  iliacus  (described  already). 
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FASCIAE. 

The  fasciie  of  the  abdominal  wall  are — externally,  the  superficial  and  deep  fasciae  ; 
internally,  the  fascia  trausversalis,  continuous  with  the  diaphragmatic,  lumbar, 
psoas,  iliac,  and  pelvic  fasciae,  and  lined  within  by  the  extra-peritoneal  tissue. 

The  superficial  fascia  of  the  abdomen  is  liable  to  contain  a  large  quantity 
of  fat.  It  is  separated  in  the  groin  into  tivo  layers :  a  superficial  fatty  layer 
continuous  over  Poupart's  ligament  with  the  fascia  of  the  front  of  the  thigh, 
and  a  deeper  membranous  layer  attached  to  the  inner  half  of  Poupart's  ligament, 
and  more  externally  to  the  fascia  lata  of  the  thigh  below  Poupart's  ligament.  The 
two  layers  are  separated  by  the  lymphatic  glands  and  the  superficial  vessels  of  the 
groin.  Higher  up  in  the  abdominal  wall  the  two  layers  blend  together,  and  traced 
downwards  over  the  spermatic  cord,  they  unite  to  form  the  fascia  and  dartos 
muscle  of  the  scrotum.  The  attachment  of  the  fascia  to  the  groin  prevents  the 
passage  into  the  thigh  of  extravasated  fluid  in  the  abdominal  wall. 

The  deep  fascia  of  the  abdominal  wall  resembles  similar  fasci*  in  other  situa- 
tions.   It  forms  an  investment  for  the  obliquus  externus  muscle,  and  becomes  thin 

and  almost  imper- 
ceptiblein  relation 
to  the  aponeurosis 
of  that  muscle. 

The  fascial  lin- 
ing of  the  ab- 
dominal cavity 
(fascia  transver- 
salis)  consists  of  a 
continuous  layer 
of  membrane 
which  receives 
different  names 
in  different  parts 
of  its  extent.  It 
covers  the  deep 
surface  of  the 
trausversalis  mus- 
cle, and  is  con- 
tinuous internally 
(through  the 
lumbar  fascia) 
with  the  fasciae  of 
the  quadratus 
lumborum  and  the 

psoas.  It  is  continuous  above  with  the  diaphragmatic  fascia,  and  below  (the  iliac 
crest  and  Poupart's  ligament  intervening)  with  the  fascia  iliaca.  Along  with  the 
last-named  fascia  it  forms  the  femoral  sheath.  It  is  pierced  by  the  spermatic  cord 
or  round  ligament  at  the  internal  abdominal  ring,  and  forms  the  infundibuliform 
fascia.  It  is  lined  internally  by  the  peritoneum,  from  which  it  is  separated  by  a 
thick  layer  of  extra-peritoneal  tissue. 

The  extra-peritoneal  layer  of  tissue  is  usually  loaded  with  fat ;  it  envelops  the 
kidneys,  ureters,  supra-renal  capsules,  abdominal  aorta  and  inferior  vena  cava  and 
their  branches,  and  forms  sheaths  for  the  vessels  and  ducts  (ureter,  vas  deferens, 
etc.).  It  is  continuous  upwards  into  the  thorax  through  the  aortic  opening  in  the 
diaphragm,  and  below  is  in  continuity  with  a  similar  tissue  in  the  pelvis.  It  not 
only  completely  invests  the  kidneys  and  suprarenal  capsules,  but  it  also  becomes 
intei-polated  between  the  layers  of  peritoneum  upholding  and  enveloping  the 
intestines.    This  tissue  is  absent  in  relation  to  the  diaphragm. 

THE  MUSCLES  OF  THE  ABDOMINAL  WALL. 

The  lateral  muscles  comprise  the  obliquus  externus,  obliquus  internus,  and 
trausversalis  abdominis. 


Suiierticial  layer  of 
superficial  fa.scia' 


Superficial  circumflex  iliac  vessels — lii 
Inguinal  lymphatic  glands 

Deep  layer  of  superficial  fascia 
Femoral  lympliatic  glanils 


Orural  brancli  < 
genitn-crnral  m-i  \ 
Superficial  layer  < 

sui)i'rlicial  fasciii 

Internal  saphenous  veil 


Deep  layer  of 
superficial  fascia 
Superficial 
eiJigastric  vessels 
iperficial  layer  uf 
perficial  fascia 
iperior  external 
vessels 

guinal  nerve 
niatic  cord 


Fig.  292.— The  Groin. 


Strdctuues  between  the  Layeks 
Superficial  Fascia. 
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Rectus  abdominis 


interdigitate 
the 


The  obliquus  externus  abdominis  i»  a  broad  thin  sheet  of  muscle,  with  an 
origin  from  the 
outer  surfaces  of 
the  lower  eight 
ribs,  by  slips  which 
with 

serratus  mag- 
nus  and  latissimus 
dorsi  muscles. 
The  muscular 
iibres  radiate 
downwards  and 
forwards,  the  low- 
est fibres  passing 
vertically  down- 
wards, to  be  in- 
serted directly  into 
the  outer  Hp  of  the 
iliac  crest  in  its 
anterior  half  •  or 
two -thirds.  The 
rest  of  the  muscle 
is  inserted  into  an 
extensive  trian- 
gular aponeurosis 
covering  the  an- 
terior abdominal 
wall.  This  apo- 
neurosis is  broader 
below  than  above 


Obliquus  externus 
Obliquus  internus 

Transversalis 

abdominis\// 
Fascia  transversalis 
Peritoneum 

Colon 


Extraperitoneal 
tissue 


Kidney 


Lumbar  fascia 


Latissimus  dorsi 
quadratus  lumbobum 


Psoas  fascia 

Second  lumbar 
vertebra 

Psoas 

Anterior  layer 
of  lumbar  fascia 

MULTIFIDUS 
SPIN^ 

Semi-spinalis 

DORSI 


Middle  layer  of  lumbar  fascia 

Ilio-costalis 
Vertebral  aponeurosis 


LONGISSIMUS  dorsi 


Fig. 


293. — Transverse  Sectiqn  through  the  Abdsmen,  ©pposite  the  Second 
Lumbar  Vertebra. 


it  is  united  with  part  of  the  aponeurosis  of  the  obKquus 
internus  in  the  upper  three-fourths  of  its  extent,  to  form  the  anterior  layer  of 


Obliquus  externus  muscle 
Aponeurosis  of  obliquus  externus 
Iiitercolumnar  fibres. 

Poupart's  ligament 
Iliac  portion  of  fascia  lata 
External  cutaneous  nerve— /jr 

Falciform  ligament 

Crural  sheath '|'f 
Femoral  vein 
Femoral  artery 
Geiiito-crural  nerve 
Inferior  cornu  of  saphenous 
opening 

Femoral  lymphatic  gland 
Internal  saphenous  vein 


Eleventh  thoracic  nerve 


Twelfth  thoracic  nerve 


Ilio-hypogastric  nerve 

fiiteri"al'  ]  P'^''^^'**  °^  external  abdominal  ring 
External  abdominal  ring  and  spermatic  cord 

Suspensory  ligament  of  penis 
Ilio-mgumal  nerve 


Body  of  penis 
 : — Dartos  muscle  of  scrotum 


Middle  cutaneous  nerves 


Pubic  portion  of  fascia  lata 


Pig.  294. -^The  Groin.    The  Structures  seen  on  removal  op  the  Superficial  Fascia. 

the  sheath  of  the  rectus  muscle.  It  thus  gains  an  attachment,  above  to  the  ensiform 
cartilage,  below  to  the  symphysis  pubis,  and  by  its  intermediate  fibres  to  the  linea 
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alba,  a  broad  interlacing  band  of  fibres  which  occupies  the  middle  line  of  the 
anterior  abdominal  wall  in  its  whole  extent,  and  forms  the  greater  part  of  the 
ultimate  insertion  of  the  lateral  abdominal  muscles. 

The  upper  part  of  the  aponeurosis  on  the  chest-wall  covers  the  rectus  abdominis 
muscle,  and  gives  origin  to  fibres  of  the  pectoralis  major.    Below  it  gives  rise  to 


Fig.  295. — Anteiuor  Muscles  of  the  Tronk. 

Poupart's  ligament,  Gimbernat's  ligament,  the  external  abdominal  ring  with  its 
two  pillars,  the  intercolumnar  fascia  and  fibres,  and  the  triangular  fascia. 

Poupart's  ligament  is  an  arched  fascial  band  which  extends  from  the  anterior 
superior  iliac  spine  to  the  spine  of  the  pubis,  over  the  iliacus,  psoas,  and  pectineus 
muscles.  It  represents  the  lower  limit  of  the  aponeurosis  of  the  obliquus  externus 
abdominis,  and  gives  attachment  below  to  the  fascia  lata  of  the  thigh.  Its  outer 
part  affords  partial  origin  to  the  deeper  lateral  muscles  of  the  abdominal  wall, 
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and  attaches  the  fascia  transversalis  and  fascia  iliaca  ;  the  inner  part  forms  the  floor 
of  the  inguinal  canal.  At  its  inner  end  a  triangular  band  of  fibres  is  reflected  horizon- 
tally backwards  to  the  ilio-pectineal  line,  forming  Gimbernat's  ligament,  the  outer 
edge  of  which  limits  internally  the  crural  ring.  The  femoral  vessels  in  the  femoral 
sheath  enter  the  thigh  beneath  Poupart's  ligament,  in  fr?)nt  of  the  psoas  muscle. 

The  external  abdominal  ring,  the  place  of  exit  of  an  inguinal  hernia,  is  a  split  in 
the  aponeurosis  of  the  obliquus  externus,  just  above  the  spine  of  the  pubis.  It 
transmits  the  spermatic  cord,  or  round  ligament  of  the  uterus,  covered  by  the 
cremaster  muscle  or  cremasteric  fascia.  The  opening  is  of  considerable  extent,  and  its 
edges  are  drawn  together  by  a  thin  fascia,  strengthened  superficially  by  a  number 
of  arched  and  horizontal  fibres,  the  intercolumnar  fibres,  which  arise  from  Poupart's 
ligament  and  sweep  inwards  across  the  cleft  in  the  aponeurosis. 

The  margins  of  the  ring  constitute  its  pillars.    The  external  pillar  is  narrow, 
and  is  formed  from  that  part  of  the  aponeurosis  which  joins  the  pubic  spine,  and  is 
continuous  with 
of 


the  inner  end 
'  Poupart's 
ment.  The  in- 
ternal pillar  is  the 
part  of  the  apo- 
neurosis internal 
to  the  ring  which 
is  attached  to  the 
crest  and  sym- 
physis of  the 
pubis.  It  is  flat 
and  broad. 

The  inter- 
columnar fibres 
and  the  pillars  of 
the  external  ab- 
dominal ring  are 
continuous  with 
a  thin  tubular 
sheath,  the  inter- 
columnar or  ex- 
ternal spermatic 


Obliquus  externus 


Obliquus  internus 


Ilio-hypogastric  nerve 

Ilio-inguinal  nerve 

Cremaster 
Aponeurosis  of 
obliquus  externus  (cut) 

Saphenous  opening 


Genito-crural  nerve 
Internal  saphenous  vein 


Fig.  296.— The  Groin. 


Aponeurosis  of 
obliquus 
externus  (cut) 
Twelfth  thoracic 
nerve 


Triangular  fascia 

Spermatic  cord 
Susi-iensory  liga- 
ment of  penis 
Intercolumnar 
fascia 

Dartos  muscle 


The  structures  seen  ou  removal  of  part  of  the 
obliquus  externus. 


fascia,  which  forms  an  envelope  for  the  spermatic  cord  or  round  ligament  beyond 
the  external  abdominal  rinff. 

The  triangular  fascia,  lastly,  is  a  triangular  band  of  fibres  placed  behind  the 
internal  pillar  of  the  external  abdominal  ring.  It  consists  of  fibres  from  the 
opposite  external  oblique  aponeurosis,  which,  having  traversed  the  linea  alba,  gain 
an  insertion  into  the  crest  and  spine  of  the  pubis  on  the  opposite  side. 

The  obliquus  externus  muscle  is  superficial  in  almost  its  whole  extent.  It  is 
overlapped  posteriorly  by  the  latissimus  dorsi  muscle,  but  may  be  separated  from 
it  just  above  the  iliac  crest  by  an  angular  interval  (triangle  of  Petit). 

The  obliquus  internus  abdominis,  a  broad  thin  sheet  lying  between  the 
obliquus  externus  and  the  transversalis,  arises  from  (1)  the  lumbar  fascia,  (2)  the 
anterior  half  of  the  iliac  crest,  and  (3)  the  outer  half  of  Poupart's  ligament. 
Directed  for  the  most  part  upwards  and  forwards,  its  highest  fibres  are  inserted 
directly  into  the  last  three  ribs.  The  rest  of  the  fibres  form  an  extensive  aponeurosis, 
broader  above  than  below,  which  splits  along  the  linea  semilunaris,  to  form,  along 
with  the  aponeuroses  of  the  obliquus  externus  and  transversalis  muscles,  the  sheath 
of  the  rectus,  and  is  thereafter  inserted  into  the  seventh,  eighth,  and  ninth  costal 
cartilages,  and  into  the  linea  alba  from  the  ensiform  cartilage  to  the  symphysis 
pubis.  The  fibres  arising  from  Poupart's  ligament  join  with  those  of  the  trans- 
versalis muscle  having  a  similar  origin  to  form  the  conjoint  tendon,  which  passes 
altogether  in  front  of  the  rectus  muscle,  to  be  attached  to  the  pubic  crest  and 
spine  and  to  the  ilio-pectineal  line. 
26 
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The  obliquus  internus  is  limited  above  by  the  costal  arch.  Its  lower  fibres, 
arching  over  the  spermatic  cord,  assist  in  forming,  externally,  the  anterior  wall  of 
the  inguinal  canal ;  internally,  by  means  of  the  conjoint  tendon,  its  posterior 
wall. 

Its  lowest  fibres  are  continued  into  the  cremaster  muscle,  prolonged  along  the 
spermatic  cord,  through  the  inguinal  canal. 

The  cremaster  muscle  may  be  said  to  liave  an  origin  from  the  lower  border  of  the 
obliquus  internus,  and  from  the  middle  of  Poupart's  hgament.  It  forms  a  thin  sheet, 
enveloping  the  testicle  and  spermatic  cord  ;  its  fibres  are  arranged  in  loops  wliich  arch 
over  the  cord,  and  are  inserted  into  the  fascia,  and  to  a  less  extent  (uppermost  fibres)  into 
the  pubic  spine.  The  muscle  is  more  largely  represented  by  fascia  in  the  female,  and 
constitutes  the  cremasteric  fascia. 

The  transversalis  muscle  arises  (1)  from  the  under  surface  of  the  costal 
cartilages  of  the  lower  six  ribs,  interdigitating  with  the  origins  of  the  diaphragm ; 
(2)  from  the  lumbar  fascia ;  (3)  from  the  anterior  half  of  the  inner  lip  of  the  iliac 
crest ;  and  (4)  from  the  outer  third  of  Poupart's  ligament.    The  muscular  fibres 


Obliquus  externus 


Obliquus  internus 

Obliquus  internus  (cut) 
Deep  circumflex  iliac  artery 

Internal  abdominal  ring  and 
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Fig.  297. — The  Groin.    The  structures  seen  on  rcHexiou  of  part  of  the  obliquus  internus. 

are  directed  for  the  most  part  horizontally  forwards,  and  end  in  an  aponeurosis 
which  has  a  twofold  insertion.  (1)  After  forming  (along  with  the  aponeurosis  of 
the  obliquus  internus)  the  posterior  layer  of  the  sheath  of  the  rectus,  the 
aponeurosis  is  attached  to  the  ensiform  cartilage  and  linea  alba.  (2)  The  lower 
fibres  of  the  muscle  are  joined  by  the  lower  part  of  the  obliquus  internus  to 
form  the  conjoint  tendon,  which  passes  in  front  of  the  lower  part  of  the  rectus 
muscle,  to  be  inserted  into  the  crest  and  spine  of  the  pubis  and  the  ilio-pectineal 
line. 

The  transversalis  muscle  is  separated  by  the  lower  intercostal  nerves  from  the 
obliquus  internus  muscle,  and  is  lined  on  its  deep  surface  by  the  transversalis  fascia. 
Its  lower  border  forms  a  concave  edge,  separated  from  Poupart's  ligament  by  a 
lunular  interval  filled  by  the  transversalis  fascia,  through  which  the  spermatic 
cord  emerges  at  the  internal  abdominal  ring,  finder  cover  of  the  obliquus  internus 
muscle. 

The  anterior  muscles  of  the  abdominal  wall  include  the  pyramidalis  and 
rectus  abdominis,  enveloped  by  the  rectus  sheath,  on  either  side  of  the  linea 
alba. 

The  pyramidalis  abdominis  is  a  small  triangular  muscle  arising  from  the  pubic 
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crest  in  front  of  the  rectus  muscle.  It  is  directed  obliquely  upwards,  to  be  inserted 
for  a  variable  distance  into  the  linea  alba.    The  muscle  is  often  absent. 

The  rectus  abdominis  muscle  is  broad  and  strap-like,  and  arises,  by  an  inner 
and  an  outer  head,  from  the  symphysis  and  crest  of  the  pubis.  Expanding  as  it 
passes  upwards,  the  muscle  is  inserted  into  the  front  of  the  ensiform  cartilage,  and 
into  the  fifth,  sixth,  and  seventh  costal  cartilages.  On  its  anterior  surface  are  three 
or  more  transverse  tendinous  intersections  (linese  transversse),  adherent  to  the  sheath 
of  the  muscle  ;  the  lowest  opposite  the  umbilicus,  and  the  highest  about  the  level  of 
the  costal  arch.  Enclosed  in  its  sheath,  and  covered  anteriorly  by  the  pyramidalis 
muscle,  the  rectus  conceals  the  superior  and  deep  epigastric  arteries,  the  terminal 
branches  of  the  lower  thoracic  nerves  (which  pierce  the  muscle  to  reach  the  anterior 
abdominal  wall),  the  fold  of  Douglas,  and  the  fascia  transversaUs.  The  inner 
border  of  the  muscle  lies  alongside  the 
Hnea  alba ;  its  outer  border  is  convex, 
and  forms  tlie  linea  semilunaris. 

The  sheath  of  the  rectus  muscle 
is  derived  from  the  aponeuroses  of  the 
lateral  muscles  of- the  abdominal  wall, 
which,  after  enclosing  the  muscle,  give 
rise  to  the  linea  alba  in  the  middle  hne. 
At  the  linea  semilunaris,  at  the  outer 
border  of  the  rectus  muscle,  the  apo- 
neurosis of  the  obliquus  internus  splits 
into  anterior  and  posterior  layers.  The 
anterior  layer,  joined  by  the  aponeurosis 
of  the  obliquus  externus,  passes  in  front 
of  the  rectus,  and  constitutes  the 
anterior  lamina  of  the  sheath.  The 
posterior  layer,  joined  by  the  apo- 
neurosis of  the  transversalis  muscle, 
passes  behind  the  rectus,  and  constitutes 
the  posterior  lamina  of  its  sheath. 
This  arrangement  obtains  in  the  upper 
three  -  fourths  of  the  abdominal  wall. 
Below  the  level  of  the  iliac  crest  the 
sheath  of  the  muscle  is  deficient 
posteriorly,  and  a  crescentic  border, 
the  fold  of  Douglas,  marks  the  lower 
limit  of  the  posterior  lamina.  In  con- 
sequence, the  rectus  in  the  lower  fourth 
of  the  abdominal  wall  rests  upon  the 
fascia  transversalis  directly.  Close  ex- 
amination, however,  usually  reveals  a 
thin  layer  behind  the  muscle  in  contin- 
uity with  the  fold  of  Douglas,  and  merg- 
ing below  with  the  fascia  transversalis. 
In  this  region  the  rectus  is  covered 
anteriorly  by  the  conjoint  tendon,  and 
by  the  aponeurosis  of  the  obliquus  externus,  which  is  gradually  becoming  separate 
from  the  subjacent  aponeurosis.  The  upper  part  of  the  rectus,  lying  on  the  chest- 
wall,  is  only  covered  anteriorly  by  a  single  layer  of  aponeurosis  derived  from  the 
obliquus  externus,  which  in  this  situation  is  giving  origin  to  the  pectoralis  major 
muscle. 

Inguinal  Canal. — These  muscles  of  the  abdominal  wall  form  the  boundaries 
of  the  inguinal  canal,  which  transmits  the  spermatic  cord  in  the  male  and  the 
round  ligament  in  the  female  through  the  lower  part  of  the  abdominal  wall.  The 
canal  begins  at  the  internal  abdominal  ring,  placed  half  an  inch  above  Poupart's 
ligament,  and  midway  between  the  anterior  superior  iliac  spine  and  the  symphysis 
pubis.    It  ends  at  the  external  abdominal  ring,  placed  above  the  spine  and  crest 
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Fig.  298. — The  Sheath  of  the  Kectus  Abdominis 
Muscle. 

(I.),  lu  the  thoracic  wall  ;  (II.),  In  the  upper  three- 
quarters  of  the  abdominal  wall  ;  (III.),  In  the  Jower 
fourth  of  the  abdominal  wall. 

A,  Rectus  muscle  ;  B,  Obliquus  externus  ;  C,  Dia- 
phragm ;  D,  Obliquus  inteknus  ;  E,  Transver- 
salis abdominis,  a,  Anterior  layer  of  rectu.s  sheath  ; 
b,  Fifth  costal  cartilage  ;  c.  Sixth  costal  cartilage  ; 
d,  Xiphoid  cartilage  ;  e,  Posterior  layer  of  rectus 
sheath  ;  /,  Transversalis  fascia  ;  g,  Peritoneum  ;  Ji, 
Linea  alba.    1,  Deep  epigastric  artery. 


404 


THE  MUSCULAK  SYSTEM. 


of  the  pubis.  The  front  wall  of  the  canal  is  formed  by  the  aponeurosis  of  the 
obHquus  externus,  and  in  its  outer  part  by  the  muscular  fibres  of  the  obliquus 
internus ;  the  hack  wall  of  the  canal  is  formed  by  the  fascia  transversalis,  and  in 
its  inner  part  by  the  conjoint  tendon ;  while  the  floor  of  the  canal  is  formed  by 
Poupart's  ligament,  and  in  its  inner  part  by  Gimbernat's  ligament.  The  spermatic 
cord  enters  the  canal,  after  piercing  the  transversalis  fascia,  at  the  internal 
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Fig.  299. 


-View  of  the  Posterior  Abdominal  Wall,  to  show  the  Muscles  and  the'  Nerves  of 
THE  Lu.mbo-Sacral  Plexus. 


abdominal  ring,  and  is  there  invested  by  its  first  envelo^^e,  the  infundibuliform  fascia, 
derived  from  the  margin  of  the  ring  (fascia  transversalis).  It  then  passes  obliquely 
inwards,  downwards,  and  forwards,  below  the  lower  border  of  the  obliquus  internus 
muscle,  from  which  it  carries  off  a  second  investment,  partly  fascial,  partly  muscular 
— the  cremasteric  fascia.  Continuing  its  course  in  front  of  the  conjoint  tendon, 
it  emerges  through  the  external  abdominal  ring,  from  the  edges  of  which  the 
intercolumnar  fascia  is  derived,  the  third  or  external  investment  for  the  cord. 
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Hesselbach's  triangle,  bounded  by  the  line  of  Poupart's  ligament  Ijelow,  by  the 
rectus  muscle  internally,  and  by  the  deep  epigastric  artery  on  the  mesial  side  of 
the  internal  abdominal  ring  externally,  is  the  site  of  one  form  of  inguinal  hernia. 
The  spermatic  cord  passes  over  the  base  of  the  triangle,  covered  over  by  the 
aponeurosis  of  the  obhquus  externus.  Behind  the  cord  are  the  fascia  transversalis 
and  the  conjoint  tendon,  which  may  be  said  to  form  the  floor  of  the  triangle. 

The  posterior  muscles  of  the  abdominal  wall  and  false  pelvis  include  the 
psoas  (magnus  and  parvus)  and  iliacus,  described  already  (p.  343),  and  the  quadratus 
lumborum. 

The  quadratus  lumborum  Hes  on  the  posterior  wall  of  the  abdomen  external 
to  the  psoas,  and  extends  between  the  iliac  crest  and  the  last  rib.  It  arises  from 
the  posterior  part  of  the  iliac  crest,  from  the  ilio-lumbar  ligament,  and  from  the 
transverse  processes  of  the  lower  lumbat  vertebrae.  It  is  inserted  above  into  the 
lower  border  of  the  last  rib  and  the  transverse  processes  of  the  upper  lumbar 
vertebrae.  It  is  enclosed  between  the  anterior  and  middle  layers  of  the  lumbar 
aponeurosis  (p.  365),  and  is  placed  behind  the  colon,  kidney,  and  psoas  muscle,  in 
front  of  the  multifidus  spinse  and  the  lumbar  transverse  processes. 

Nerve  Supply. 

»■ 

Tlie  nerve  supply  of  all  the  foregoing  muscles  except  the  psoas,  cremaster,  quadratus 
lumborum,  and  iliacus,  is  derived  from  the  anterior  primary  divisions  of  tlie  lower  six  thoracip 
nerves.  The  pyramidalis  muscle  is  innervated  by  tlie  last  thoracic  nerve.  The  cremaster  muscle 
receives  its  supply  from  the  genito-crural  nerve,  whilst  the  quadratus  lumborum  is  innervated 
by  the  first  three  or  four  lumbar  nerves.  The  psoas  and  iliacus  muscles  are  supplied,  directly  or 
through  the  anterior  crural  nerve,  from  the  second,  third,  and  fourth  lumbar  nerves. 

Actions. 

Many  of  the  actions  of  the  above  muscles  have  already  been  given  in  previous  sections.  (1) 
Their  chief  action  is  to  retract  the  abdominal  walls,  and,  by  compressing  the  contents  of  the 
abdomen,  they  are  powerful  agents  in  vomiting,  defascation,  micturition,  parturition,  and 
laboured  expiration.  (2)  They  are  also  flexors  of  the  spine  and  pelvis — the  muscles  of  both  sides 
acting  together ;  the  spine  and  pelvis  are  laterally  flexed,  when  one  set  of  muscles  acts  alone. 
(3)  The  quadratus  lumborum  is  a  muscle  of  inspiration,  an  extensor  of  the  spine,  and  a  lateral 
flexor  of  the  spine  and  pelvis. 

FASCIA  AND  MUSCLES  OF  THE  PERINEUM  AND  PELVIS. 
FASCIA  OF  THE  PERINEUM. 

The  superficial  fascia  of  the  perineum  possesses  certain  special  features.  It 
is  continuous  with  the  superficial  fascia  of  the  abdominal  wall,  thigh,  and  buttock, 
and  is  prolonged  on  to  the  penis  and  scrotum.  In  relation  to  the  penis,  it  is 
devoid  of  fat  and  consists  only  of  areolar  tissue.  In  relation  to  the  scrotum,  it  is  ' 
intermingled  with  involuntary  muscular  fibres,  and  constitutes  the  dartos  muscle, 
which  assists  in  suspending  the  testicles  and  corrugating  the  skin  of  the  scrotum. 
This  fascia  also  forms  a  septum  for  the  scrotum,  extending  upwards  and  incompletely 
separating  the  two  testicles  and  their  coverings.  In  the  female  the  superficial 
fascia  takes  a  large  share  in  the  formation  of  the  mons  veneris  and  labia  majora,  in 
which  a  considerable  quantity  of  fat  occurs. 

The  fascia  over  the  posterior  part  of  the  perineum  fills  up  the  ischio-rectal  fossse, 
in  the  form  of  two  pads  of  adipose  tissue,  on  either  side  of  the  rectum  and  anus. 
Over  the  tuberosities  of  the  ischium  the  fat  is  largely  replaced  by  bands  of  fibrous 
tissue  closely  adherent  to  the  subjacent  deep  fascia. 

The  fascia  in  the  anterior  part  of  the  perineum  closely  resembles  the  same 
fascia  in  the  groin.  It  is  divisible  into  a  superficial  fatty  and  a  deeper  membranous 
layer ;  the  former  continuous  with  the  same  layer  in  the  thigh,  and  with  the  fat 
of  the  ischio-rectal  fossa  posteriorly.  The  deeper  membranous  layer  is  attached 
laterally  to  the  pubic  arch,  posteriorly  to  the  base  of  the  triangular  ligament,  and 
in  the  middle  line  to  the  root  of  the  penis  (bulb  and  corpus  spongiosum)  by  a 
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median  raphe  continuous  further  forwards  with  the  septum  ^of  the  scrotum 
mentioned  above.  Anteriorly  the  fascia  is  continued  over  the  spermatic  cords  to 
the  anterior  abdominal  wall.  The  importance  of  this  fascia  lies  in  relation  to  the 
extravasation  of  urine  from  a  rupture  of  the  urethra.  By  the  fascial  attachments 
the  fluid  is  prevented  from  passing  backwards  into  the  iscliio-rectal  fossa,  or 
laterally  into  the  thigh.  It  is  directed  forwards  into  relation  with  the  scrotum 
and  penis,  and  along  the  spermatic  cord  to  the  anterior  abdominal  wall.  The 
septum  of  the  scrotum  being  incomplete,  fluid  extravasated  on  one  side  can  pass 
across  the  middle  line  to  the  opposite  half  of  the  perineum  and  scrotum. 

The  deep  fascia  of  the  perineum  is  practically  non-existent,  except  in  the 
form  of  delicate  aponeuroses  of  the  muscles. 

THE  MUSCLES  OF  THE  PERINEUM. 

The  perineal  muscles  are  naturally  separated  into  a  superficial  and  a  deep  set  by 
the  triangular  ligament.  Superficially  are  the  sphincter  ani  externus,  transversus 
perinei  superficialis,  bulbo-cavernosus,  and  ischio-cavernosus  ;  beneath  the  triangular 
ligament  is  the  compressor  urethrse. 

Sphincter  ani  Externus. — This  muscle  is  fusiform  in  outhne,  flattened,  and 
obliquely  placed  around  the  anus  and  anal  canal.    It  can  be  separated  into  three 


Perineal  brancli,  foui  tli  sacial  nerve  Anterior  .sacro-coccygeal  nerve 


Fia.  300. — The  Muscles  and  Nerves  ok  the  Male  Perineum. 

layers  :  viz.  subcutaneous,  superficial,  and  deep.  (1)  The  most  superficial  lamina 
consists  of  subcutaneous  fibres  decussating  behind  and  in  front  of  the  anus,  Init 
without  bony  attachments.  (2)  The  sphincter  ani  superficialis  constitutes  the 
main  portion  of  the  muscle.  It  is  attached  posteriorly  to  the  coccyx,  and  in 
front  of  the  anus  reaches  the  central  point  of  the  perineum.  (3)  The  deep  fibres 
of  the  muscle  form  for  the  most  part  a  complete  sphincter  for  the  anal  canal.  They 
are  continuous  with  the  fibres  of  the  levator  ani;  they  encircle  the  anal  canal,  and 
blend  anteriorly  with  the  central  point  of  the  perineum  and  the  transversus 
perinei. 

The  muscle  surrounds  the  anus,  covered  only  by  the  skin,  superficial  fascia,  and 
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the  corrugator  cutis  ani  (a  series  of  non-striated  muscular  fibres  radiating  from  the 
anal  opening).  It  rests  on  the  edge  of  the  levator  ani,  and  forms  the  median 
boundary  of  the  ischio-rectal  fossa.  " 

The  transversus  perinei  superficialis  is  not  always  present.  It  consists  of  a 
more  or  less  feeble  bundle  of  fibres,  arising  from  the  ascending  ramus  of  the  ischium 
and  the  fascia  over  it,  and  from  the  base  of  the  triangular  Hgament.  It  is  inserted 
into  the  central  point  of  the  perineum.  It  conceals  the  base  of  the  triangular 
ligament,  and  has  a  variable  relation  to  the  superficial  perineal  vessels  and  nerves. 

The  bulbo-cavernosus  (ejaculator  urinte)  surrounds  the  bulb,  corpus  spongiosum, 
and  root  of  the  penis.  It  is  sometimes  separated  into  two  parts — posterior  (com- 
pressor bulbi),  and  anterior  (compressor  radicis  penis).  It  arises  from  the  central 
point  of  the  perineum,  and  from  a  median  raphe  on  the  under  surface  of  the  bulb 
and  corpus  spongiosum.  The  muscular  fibres  are  directed  outwards  and  forwards, 
and  have  a  triple  insertion :  from  behind  forwards,  (1)  into  the  under  surface  of  the 
triangular  ligament ;  (2)  into  the  membrane  covering  the  corpus  spongiosum ;  and, 
(3)  after  encircling  the  corpora  cavernosa,  into  the  fascia  covering  the  dorsum  of  the 
penis. 

The  ischio-bulbosus,  not  always  present,  arises  from  the  ischium,  and  passes 
obliquely  inwards  and  forwards  over  the  bulbo-cavernosus,  to  be  inserted  into  the  raphe 
superficial  to  that  muscle.  It  belongs  to  the  same  stratum  as  the  transversus  perinei  and 
erector  penis. 

The  compressor  hemispherium  bulbi  is  frequently  absent.  It  consists  of  a 
thin  cap -like  layer  of 
muscular  fibres  sur- 
rounding the  extremity 
of  the  bulb  under  cover 
of  the  bulbo-cavernosus. 

The  bulbo-caver- 
nosus (sphincter  va- 
ginae) in  the  female  is 
separated  into  lateral 
halves  by  the  vaginal 
and  urethral  openings. 
It  forms  two  thin 
layers  covering  the 
vaginal  bulbs,  and 
arises  behind  the 
vaginal  orifice  from 
the  central  point  of 
the  perineum.  An- 
teriorly it  is  inserted 
into  the  root  of  the 
clitoris,  some  of  its 
fibres  embracing  the 
corpora  cavernosa  so 
as  to  reach  the  dorsum 
of  the  clitoris. 

The  ischio-caver- 
nosus  (erector  penis) 
covers  the  cms  penis. 
It  arises  from  the 
ischial  tuberosity  and 
the  great  sacro-sciatic 
ligament,  and  passing  forwards,  is  inserted  by  a  fascial  attachment  into  the  under 
surface  of  the  crus  penis,  and  into  the  outer  side  and  dorsal  aspect  of  the  corpus 
cavernosum. 

The  ischio-eavernosus  (erector  olitoridis)  in  the  female  has  a  similar  disposition, 
but  is  of  much  smaller  size  than  in  the  male. 


Transversus 
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-The  Muscles  op  the  Female  Perineum  (after  Peter 
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The  pubo-cavernosus  is  an  occasional  slip  arising  from  the  pubic  ramus,  and  inserted  into 
the  dorsum  of  the  penis.    It  corresponds  to  the  levator  jjenis  of  lower  animals. 

The  compressor  urethrse  (constrictor  urethrte)  constitutes  the  deeper  muscular 
stratum  of  the  perineum.  It  is  placed  on  the  pelvic  aspect  of  the  triangular 
ligament.  It  arises  from  the  lower  part  of  the  pubic  ramus,  and  is  directed  inwards, 
its  fibres  radiating  so  as  to  enclose  the  membranous  urethra.  It  is  inserted  into  a 
median  raphe,  partly  in  front  of  the  urethra,  l)ut  for  the  most  part  behind  it.  The 
fibres  most  intimately  related  to  the  urethra  form  a  tul)ular  sheath  for  the  canal, 
and  have  no  bony  attachments. 

The  most  anterior  and  most  posterior  fibres  of  the  compressor  urethrte  exist  sometimes 
as  separate  muscles. 

The  transversus  perinei  profundus  consists  of  a  bundle  of  fibres  on  eitlier  side, 
arising  from  the  ascending  ramus  of  the  iscliiimi  just  below  the  compressor  urethrse.  It 
is  inserted  into  a  median  raphe  continuous  with  that  of  the  compressor  urethra;.  The 
muscle  in  fact  constitutes  a  separate  bundle  below  and  behind  the  compressor  lu-ethrse. 

The  ischio-pubicus  is  a  £erm  applied  to  a  feeble  bundle  of  fibres  whicli,  when 
present,  lies  above  and  in  front  of  the  compressor  urethra;.  It  arises  from  the  pubic 
ramus,  and  is  inserted  into  a  median  raphe  in  front  of  the  membranous  urethra.  This 
muscle  is  homologous  with  the  compressor  vense  dorsalis  penis  of  lower  animals. 

The  compressor  urethrae  in  the  female  is  smaller  than  in  the  male.  Its 
insertion  is  modified  by  the  relations  of  the  urethra  to  the  vagina.    The  anterior 
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Fig.  302. — The  Triangular  Ligament  of  the  Perineum,  and  the  Termination  of  the  Pudic  Nerve. 

fibres  are  continuous  with  those  of  the  opposite  side  in  front  of  the  urethra ;  the 
intermediate  fibres  pass  between  the  urethra  and  vagina,  and  the  posterior  fibres 
are  attached,  along  with  the  transversus  perinei  profundus  (transversus  vaginae),  into 
the  side  of  the  vagina. 

Nerve  Supply. 

The  pudic  nerve  (S.  2.  3.  4.)  supplies  all  the  muscles  in  this  group ;  the  external  sphincter 
through  the  inferior  hemorrhoidal,  and  the  others  through  the  perineal  branch  of  the  nerve. 
The  external  sphincter  is  also  sujiplied  by  the  jjerineal  branch  of  the  fourth  sacral  nerve. 

Actions. 

Tlie  external  sphincter  closes  the  anal  canal.  The  transversus  perinei  superficialis  draws 
back  and  fixes  the  central  point  of  the  perineum,  assisted  by  tlie  external  spliincter.  Tlie  bulbo- 
cavernosus  of  the  male  constricts  the  bulb  and  corpus  spongiosum,  and  so  expresses  the  last  drops 
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of  urine  or  semen.  In  the  female  it  acts  as  a  feeble  sphincter  of  the  vagina.  The  ischio- 
cavernosus  and  bulbo-cavernosus  helji  in  erection  of  the  penin  or  clitoris.  The  compressor 
urethrse  constricts  the  membranous  urethra,  and  in  the  female  helps  to  flatten  and  fix  the  wall  of 
the  vagina.  It  also  assists  in  causing  erection  of  the  penis  or  clitoris  by  compression  of  the  veins 
in  relation  to.it. 

FASCIA  OF  THE  PELVIS. 

The  Lony  pelvic  basin,  placed  obliquely,  deeper  and  more  hollowed  behind  than 
in  front,  is  to  a  large  extent  completed  by  ligaments  (sacro-sciatic  ligaments, 
obturator  membrane  and  triangular  ligament).  It  is  almost  entirely  clothed 
internally  by  muscles:  by  the  pyriformis  on  each  side  behind,  the  obturator  internus 
at  the  side,  and  the  compressor  urethree  in  contact  with  the  triangular  ligament 


Piibo-iirostatic  ligaments 

Capsule  of  prostate  gland 
Prostate  glanil 


Corpus  spongiosum  penis 
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Triangular  ligament 

Posterior  layer  of  trianf 
--.^  PuBic  arch 


ular  ligament 

Obturator  membrane 

Obturator  internus 
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pelvic  fascia 
Iscliio-rectal  fossa 
Anal  fascia 
Obturator  externus 
Levator  ani 

Visceral  layer  of  pelvic  fascia 

Innominate  bone  (ischium) 
Recto-vesical  layer  of  pelvic 
fascia  (enclosing  vasa  deferentia 
and  vesicula>  seminales) 

Rectal  layer  of  pelvic  fascia 
Rectum 

Pyriformis 


-  Sacrum 


Pig.  303. — Dissection  of  the  Pelvic  Fascia  feom  above  (diagrammatic) 


in  front.  Indeed,  the  bones  of  the  pelvis  only  appear  in  the  cavity  in  two  places ; 
the  spine  of  the  ischium  projects  into  the  cavity  laterally,  and  the  pubis  appears 
in  its  anterior  wall. 

The  pelvic  fascia  forms  a  cylindrical  membrane  lining  the  wall  of  the  pelvis,  as 
an  aponeurosis  for  its  muscles.  It  is  attached  above  and  below  to  the  inlet  and 
outlet  of  the  pelvis ;  above  to  the  promontory  of  the  sacrum,  ilio-pectineal  Line,  and 
back  of  the  pubis ;  below  to  the  coccyx,  great  sacro-sciatic  ligament,  tuber  ischii, 
and  the  base  of  the  triangular  ligament.  This  cylindrical  membrane  is  the 
parietal  pelvic  fascia  ;  it  forms  the  pyriformis  fascia  behind,  the  obturator  fascia 
at  the  side  of  the  pelvis,  and  the  so-called  posterior  layer  of  the  triangular  ligament 
in  front.  As  this  fascia  traverses  the  pelvic  wall  it  obtains  attachments  to  the 
back  of  the  pubis  anteriorly,  and  to  the  spine  of  the  ischium  on  each  side.  It  is 
deficient  in  relation  to  the  obturator  groove,  through  which  the  obturator  artery 
and  nerve  pass  to  reach  the  thigh. 

Between  the  back  of  the  pubis  and  the  spine  of  the  ischium  the  white  line 
extends,  a  thickened  band  of  the  fascia,  which  roughly  indicates  the  line  of 
separation  of  the  pelvic  cavity  from  the  ischio-rectal  fossa.  The  white  line  serves 
two  purposes :  it  gives  origin  to  fibres  of  the  levator  ani  muscle,  and  from  it  a 
secondary  sheet  of  fascia,  known  as  the  visceral  pelvic  fascia,  arches  downwards  and 
inwards  across  the  floor  of  the  pelvis  to  be  connected  with  the  pelvic  viscera.  This 
membrane  is  thin  and  unimportant  behind,  as  it  passes  forwards  from  the  lower 
sacral  vertebree  to  the  rectum.    It  is  thicker  at  the  sides  and  front  of  the  pelvis, 
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where  it  forms  a  stout  membrane  concave  upwards, 
the  fibrous  coats  of  the  rectum  and  bladder,  and 
gland  and  vesiculte  seminales.     At  the  front  of  the 

Iliacus  muscle 
Fascia  iliaca 


Pelvic  peritoneum 

Pelvic  fascia 

Extra-peritoneal 
tissue 

Obturator  internus 

Parietal  (obturator) 
layer  of  pelvic  fascia 

Visceral  (recto-vesical) 
layer  of  pelvic  fascia 
Fascial  canal  (containing 
pudic  artery  and  nerve 
Anal  fascia 

Fat  of  iscliio-rectal  fossa- 

Levator  ani 


Gluteus  maximus 


Sphincter  ani  externus 


Fig.  304. — Oblique  Section  across  the  Pelvis,  to  show  the  Disposition  of 
THE  Pelvic  Fascia  and  the  Boundaries  of  the  Ischio-Kectal  Fossa. 


continuous  mesially  with 
enveloping  the  prostate 
pelvis  this  layer  extends 
from  tlie  l)ack  of 
the  pubis,  to 
which  it  is  di- 
rectly attached, 
to  the  neck  of 
the  bladder  and 
prostate  gland, 
and  gives  rise  to 
two  folds  — •  the 
pubo  -  prostatic 
ligaments,  en- 
closing a  hollow 
l^etween  them, — 
the  cavum  Retzii. 
The  lateral  por- 
tion of  the  vis- 
ceral pelvic  fascia 
constitutes  the 
recto-vesical 
layer,  divisible 
into  three  parts 

— vesical,  rectal,  and  between  these  the  recto-vesical  layer,  a  partition  insinuated 
between  the  rectum  and  bladder,  and  enclosing  the  vesiculse  seminales  and 
vasa  deferentia.  This  visceral  pelvic  fascia  thus  forms  a  support  for  the  pelvic 
viscera,  and  at  the  same  time  acts  as  a  partition  between  the  pelvic  cavity  and  the 
perineum.  It  is  separated 
from  the  pelvic  cavity  by 
the  peritoneum  and  the 
extra-peritoneal  tissue,  and 
is  in  contact  with  the 
levator  ani  on  its  perineal 
surface.  The  internal  iliac 
vessels  and  their  branches 
lie  on  the  pelvic  aspect  of 
the  fascia,  and  the  parietal 
vessels  pierce  and  are  en- 
sheathe(l  by  it  as  they  leave 
the  pelvis.  On  the  other 
hand  the  spinal  nerves 
(sacral  plexus)  lie  outside 
the  fascia,  with  one  excep- 
tion. The  obturator  nerve 
and  artery  leave  the  pelvis 
through  a  special  hole  in  the 
pelvic  wall,  after  traversing 
the  extra-peritoneal  tissue. 

The  pelvic  fascia  in  the  female  only  differs  in  slight  detail  from  that  of  the  male. 
It  encloses  the  neck  of  the  bladder  and  vagina  instead  of  the  prostate  gland,  and 
invests  the  lower  part  of  the  neck  of  the  uterus  instead  of  the  vesicuhe  seminales. 


Internal  iliac  artery- 
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Obturator  nerve 


Anterior  layer  of 
triangular  ligament 

Posterior  layer  of- 
triangular  ligament 
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fascia 

Attachment  to 
ischial  spine 
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Origin  of  levator  ani 
White  line 
Obturator  fascia 


Fig.  305. — The  Outer  Wall  of  the  Pelvis  (pelvic  fascia) 


MUSCLES  OF  THE  PELVIS. 

The  pelvic  diaphragm  consists  of  several  more  or  less  rudimentary  muscular 
slips,  constituting  the  levator  ani  and  ischio-coccygeus  muscles,  which  serve  to 
uphold  the  pelvic  iioor,  and  are  related  to  the  rectum  and  the  prostate  gland  or 
vagina. 


MUSCLES  OF  THE  PELVIS. 
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The  levator  ani  arises  from  (1)  the  back  of  the  body  of  the  pubis,  (2)  the 
parietal  pelvic  fascia  above  or  along  the  white  line,  and  (3)  the  spine  of  the  ischium. 
Its  fibres  are  directed  downwards  and  backwards,  to  be  inserted  into  (1)  the  central 
point  of  the  perineum,  (2)  the  external  sphincter  around  the  anus  and  the  ano- 
coccygeal raphe  behind  the  anus,  and  (3)  into  the  sides  of  the  lower  sacral  and  the 
coccygeal  vertebrte. 

The  concave  upper  surface  of  the  muscle  is  covered  in  part  by  the  visceral 


Saci'o-scialic 
ligament  (cut) 


Sphincter  ani 
externu.s 


Fig.  306.- 


-The  Fascial  and  Muscular  Wall  op  the  Pelvis  after  Riomoval  of  Part  of  the  Left 

Innominate  Bone. 


pelvic  fascia ;  in  part  it  is  in  contact  with  the  rectum  behind  and  the  prostate 
gland  or  vagina  in  front.  The  inferior  convex  surface  of  the  muscle  forms  the 
inner  wall  of  the  ischio-rectal  fossa.  Its  posterior  edge  is  overlapped  by  the 
ischio-coccygeus ;  its  anterior  edge  is  in  contact  with  the  posterior  layer  of  the 
triangular  ligament. 

The  levator  ani  is  divisible  into  four  parts — pubo-rectalis,  pubo-coccygeus,  ilio- 
coccygeus,  and  iUo-sacraHs.  The  pubo-rectalis  (levator  prostatfe)  is  tlie  part  inserted  into 
the  central  point  of  the  perineum.  The  pubo-coccygeus  is  tlic  part  inserted  into  the  anus 
and  the  ano-coccygeal  raphe,  and  the  ilio-coccygeus  and  ilio-sacralis  are  represented  by 
the  fibres  attaclied  to  the  sacrum  and  coccyx.  The  first  two  are  best  developed  ;  the  last 
two  series  of  fibres  tlie  most  rudimentary.  These  several  parts  of  the  muscle  represent 
the  remains  of  the  flexor  caudse  of  tailed  animals. 
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The  ischio-COCCygeus  is  a  rudimentary  muscle  overlapping  the  posterior  border 
of  the  levator  ani.  It  arises  from  the  ischial  spine  and  the  small  sacro-sciatic 
ligament,  and  is  inserted  into  the  sides  of  the  lower  two  sacral  and  upper  two 
coccygeal  vertebne.  The  muscle  is  separated  from  the  rectum  by  the  visceral 
pelvic  fascia,  and  is  in  contact  externally  with  the  sacro-sciatic  ligaments. 

Nerve  Supply. 

The  levator  ani  is  snpjtlied  hy  two  nerves :  hy  the  perineal  (nmscular)  liranches  of  the  puclic 
nerve,  and,  on  its  ])elvic  surface,  by  special  branches  from  the  third  and  fourth  saci'al  nerves. 
Tile  ischio-coccygeus  is  supplied  on  its  jJelvic  siu'lace  Ijy  the  third  and  fourth  sacral  nerves. 

Actions. 

(1)  The  levator  ani  and  ischio-coccygeus  serve  to  uphold  and  slightly  raise  the  pelvic  floor. 
(2)  They  are  likewise  cajjable  of  producing  slight  flexion  of  the  coccyx.  (3)  The  anterior  fibres 
of  the  levator  ani,  in  the  female,  sweeping  round  the  vagina,  compress  its  walls  laterally,  and 
along  with  the  sphincter  vaginte,  help  to  voluntarily  diminish  the  lumen  of  the  tul)e.  (4)  The 
same  part  of  the  muscle  in  the  male  elevates  the  prostate  gland  (levator  prcistatse).  (5)  The  chief 
action  of  the  levator  ani  is  in  defw.cation.  Along  with  the  external  sphincter  it  acts  as  a  sphincter 
of  the  rectum,  closing  the  anal  canal.  During  dei'iecation  the  muscle  draws  upwards  the  anus 
over  the  fiEcal  mass,  and  so  a.ssists  in  its  cxi)ulsi(m.  (6)  In  parturition,  in  the  same  way,  the 
muscle,  contracting  l)elow  the  descending  foetal  head,  retards  delivery.  Contracting  on  the  i'octal 
head,  it  draws  upwards  the  pelvic  floor  over  the  foetus,  and  so  assists  delivery. 


THE  DEVELOPMENT  AND  MORPHOLOGY  OF  THE  SKELETAL  MUSCLES. 


Our  knowledge  of  the  development  and  morphology  of  the  muscular  system  is  very 
incomplete.    It  has  already  been  shown,  in  the  chapter  on  general  embryology,  that  the 


Fig.  307. 
Scheme  to  Illustrate 
THE  Disposition  of  the 
Myotomes  in  the  Em- 
bryo IN  Relation  to 
the  Head,  Trunk,  and 
Limbs. 

A,  B,  C,  First  three  cephalic 
myotomes  ;  N,  1,  2,  .3,  4, 
Last  persisting  ceplialic 
myotomes  ;  C,  T.,  L.,  S., 
Co.,  Tlie  myotomes  of  the 
cervical,  thoracic,  lumbar, 
sacra],  and  caudal  regions ; 
L,  IL,  IIL,  IV.,  v.,  VL, 
VIL,  VIIL,  IX.,  X.,  XI., 
XII.,  refer  to  the  craui.al 
nerves  and  the  structures 
with  wliich  they  may  be 
embryologically  associ- 
ated. 


mesoblast  ou  cither  side  of  the  embryonic  medullary  tube  separates  into  three  main  parts — 
the  myotome,  nephrotome,  and  lateral  plates  (somatopleure  and  splanchuopleure). 

The  myotomes  are  jn'obably  directly  or  indirectlj'  the  source  of  the  striated  muscles 
of  the  whole  body.    Each  consists  at  first  of  a  quadrilateral  bilaminar  mass,  resting 


MOEPHOLOGY  OF  THE  SKELETAL  MUSCLES.  413 

against  the  mednllrtry  tube  and  notochord  on  either  side.  The  cleft  between  its  two  layers 
represents  the  remains  of  the  coelomic  cavity.  In  young  embryos  it  is  to  be  seen  in  an 
active  condition  of  growth.  On  its  inner  side  masses  of  cells  arise,  which  grow  inwards 
and  surround  the  medullary  tube  and  notochord  to  form  the  foundation  of  the  vertebral 
column.  On  its  outer  side  cells  appear  to  be  given  off  which  participate  in  the 
formation  of  the  cutis  vera.  At  the  same  time  the  dorsal  and  ventral  borders  of 
the  myotome  continue  to  extend,  and  present  extremities  (growing  points)  with  an 
epithelial  structure  for  a  considerable  period.  On  the  dorsal  side  it  overlies  the  medullary 
tube,  and  gives  rise  to  the  muscles  of  the  back ;  while  by  its  ventral  extension,  which 
traverses  the  somatopleuric  mesoblast  in  the  body  wall,  it  produces  the  lateral  and 
ventral  muscles  of  the  trunk.  By  an  inward  extension  it  probably  gives  rise  also  to  the 
hypaxial  muscles  of  the  neck  and  loin.  The  cells  of  the  inner  layer  of  the  myotome  are 
responsible  for  the  formation  of  the  muscle  fibres.  Elongating  in  a  direction  parallel  to 
the  long  axis  of  the  embryo,  they  give  rise  by  fusion  with  the  cells  of  neighbouring  myo- 
tomes to  the  columns  and  sheets  of  muscles  of  the  back  and  trunk.  For  the  most  part 
{e.g.  back  and  abdomen)  the  originally  segmental  character  of  the  muscular  elements  is 
lost  by  the  more  or  less  complete  fusion  of  adjacent  myotomes.  The  intercostal  muscles, 
however,  are  the  direct  derivatives  of  individual  myotomes. 

Muscles  of  the  Limbs. — In  fishes  (elasmobranchs)  and  reptiles  there  is  evidence 
that  the  myotomes  are  concerned  in  the  formation  of  the  limb-muscles  by  the  extension 
of  the  myotomes  into  the  limb-bud  in  a  manner  similar  to  that  described  for  the  trunk. 
In  birds  and  mammals,  however,  in  which  the  limb-bud  arises  as  an  undifferentiated, 
unsegmented  mass  of  mesoblastic  tissue,  partly  from  the  mesoblast  surrounding  the  noto- 
chord, and  partly  from  the  somatopleuric  mesoblast,  the  myotomes  stop  short  at  the  root 
of  each  limb,  and  do  not  penetrate  into  its  substance.  Instead,  the  muscular  elements  of 
the  limb  take  origin  independently  as  double  dorsal  and  ventral  strata  of  fusiform  cells  on 
the  dorsal  and  ventral  surfaces  of  the  axial  cartilages  of  the  limb.  These  strata  are 
unsegmented;  they  are  grouped  around  the  skeletal  elements  of  the  limb,  and  they 
gradually  become  differentiated  into  the  muscle  masses  and  individual  muscles  of  the 
limb. 

Muscles  of  the  Head. — Notwithstanding  the  obscurity  and  complexity  of  this 
subject,  it  appears  certain  that  at  least  two  series  of  elementary  structiires  are  concerned 
in  the  formation  of  the  muscles  of  the  head  and  face — the  cephalic  myotomes  and  the 
muscular  structure  of  the  branchial  arches. 

The  number  of  myotomes  originally  existing  in  the  region  of  the  head  is  not  known, 
although  it  is  stated  with  some  authority  that  nine  were  primitively  present.  The  fiist 
three  are  described  as  persisting  in  the  form  of  the  ocular  muscles,  the  last  three  in  relation 
to  the  muscles  of  the  tongue,  while  the  three  intervening  myotomes  disappear. 

The  following  table  shows  the  probable  fate  of  the  cephalic  myotomes  : — 

First,  Superior,  internal  and  inferior  recti,  ohliquus  inferior,  levator  palpehraj  superioris. 
Second,  Obliquus  superior. 
Tliird,  Rectus  externus. 
Fourth,  Fifth  and  Sixth,  Absent. 
Seventh,  -\ 

Eighth,  [Muscles  of  the  tongue. 

Ninth,  j  Muscles  connecting  cranium  and  shoulder-girdle. 

Tenth  (or  first  cervical)  J 

Tlie  mesoblastic  tissue  of  the  branchial  arches  is  probably  concerned  in  the  production  of 
the  following  nmscles  of  the  face  and  neck  : — ^ 

First  (mandibidar)  arch 
Second  Qiyoid)  arch 

Tliird  (thyro-hyoid)  arch 
Fourth  and  Fifth  (branchial)  arches 


Muscles  of  mastication. 
Platysnia  inyoides  and  facial  muscles. 
Muscles  of  soft  palate. 
Stapedius,  stylo-liyoid,  and  digastric, 
f  Stylo-pharyngeus. 
\  Superior  constrictor. 
( Middle  and  inferior  constrictors. 
(Muscles  of  larynx. 
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THE  BRAIN  AND  SPINAL  CORD,  WITH  THEIR  MENINGES. 

By  D.  J.  Cunningham. 

The  nervous  system  connects  the  various  parts  of  the  body  with  each  other  and 
co-ordinates  them  into  one  harmonious  whole.  Its  relatively  great  bulk  and  its 
extreme  complexity  constitute  two  of  the  most  distinctive  structural  features 
of  man.  It  consists  of  two  parts,  viz.  the  cerebrospinal  nervous  system  and  the 
sympathetic  nervous  system. 

The  sympathetic  nervous  system  is  composed  of  a  chain  of  serially  disposed 
ganglia,  bound  to  each  other  by  intervening  nervous  cords,  and  placed  one  on  either 
side  of  the  vertebral  column.  In  addition  to  these  gangliated  cords,  the  sympathetic 
system  includes  certain  dense  plexuses  of  nerves  and  numerous  scattered  ganglia. 
The  whole  is  most  intimately  connected  with  the  cerebrospinal  nervous  system,  and 
both  have  apparently  a  common  developmental  origin.  The  separation  of  the 
nervous  system  into  the  two  leading  subdivisions  of  sympathetic  and  cerebro- 
spinal is  therefore  of  a  somewhat  arbitrary  kind. 

The  cerebrospinal  nervous  system  consists  of  the  brain,  which  very  nearly 
completely  fills  the  cranial  cavity,  and  the  spinal  cord  or  spinal  marrow,  which  only 
partially  fills  the  vertebral  canal.  These  are  continuous  with  each  other,  and  together 
constitute  the  cerebrospinal  axis.  Attached  to  the  brain  and  spinal  cord  are  the 
numero.us  nerves  which  bring  the  various  parts  of  the  body  into  connexion  with  the 
central  nervous  axis.  There  are  thirty-one  pairs  of  symmetrically  disposed  spinal 
nerves  attached  to  each  side  of  the  spinal  cord.  Each  of  these  nerves  is  connected 
to  the  side  of  the  cord  by  a  ventral  or  anterior  and  a  dorsal  or  posterior  root,  and 
the  dorsal  root  is  distinguished  by  presenting  a  distinct  oval  swelling,  termed  a 
spinal  ganglion,  on  that  part  of  its  course  immediately  internal  to  the  place  where 
the  two  roots  unite  to  form  the  spinal  nerve-trunk  (Fig.  316,  p.  422). 

The  cranial  nerves  are  twelve  in  number,  but  one  only  (viz.  the  fifth  or  tri- 
geminal) presents  a  double-rooted  attachment  similar  to  a  spinal  nerve.  Several, 
however,  possess  ganglia  in  every  respect  comparable  with  the  ganglia  on  the  dorsal 
roots  of  the  spinal  nerves.  These  are  the  fifth  or  trigeminal,  the  seventh  or  facial, 
the  eighth  or  auditory,  the  ninth  or  glosso-pharyngeal,  and  the  tenth  or  vagus 
cranial  nerves. 

CEEEBEOSPINAL  NERVOUS  SYSTEM. 

The  brain  and  spinal  cord  are  composed  of  two  substances  which  present  a 
different  appearance  to  the  eye,  and  which,  consequently,  are  distinguished  by  the 
terms  white  matter  and  gray  matter.  The  difference  in  colour  between  these  two  sub- 
stances depends  not  only  upon  the  different  elements  which  enter  into  their  formation, 
but  also  upon  the  fact  that  the  gray  matter  is  the  more  vascular  of  the  two.  The 
white  matter  is  chiefly  composed  of  nerve-fibres,  whilst  the  essential  constituents 
of  the  gray  matter  are  nerve-cells  which  give  origin  to  nerve-fibres.  The  elements 
which  constitute  nervous  tissue  are  nerve-cells,  nerve-fibres,  and  neuroglia. 

Nerve-fibres. — Nerve-fibres  arranged  in  bundles  of  greater  or  less  bulk  form 
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the  nerves  which  pervade  every  part  of  the  body.  They  also  constitute  the  greater 
part  of  the  brain  and  spinal  cord.  Nerve-fibres  are  the  conducting  elements  of  the 
nervous  system  which  serve  to  bring  the  nerve-cells  into  relation  both  with  each 
other  and  with  the  various  tissues  of  the  body. 

There  are  different  varieties  of  nerve-fibres,  but  in  all,  the  leading  and  essential 
constituent  is  a  delicate  thread-like  band,  termed  the  axis  cylinder.  The  difference 
between  individual  fibres  depends  upon  the  fact  that  in  some  cases  the  axis  cylinder 
becomes  invested  by  one  or  two  coats,  whilst  in  other  cases  it  remains  naked.  When 
the  axis  cylinder  is  coated  on  the  outside  by  a  more  or  less  thick  sheath  of  a  fatty 
substance  termed  myelin,  it  is  said  to  be  a  myelinated  or  medullated  fibre.  When  the 
coating  of  myelin  is  absent,  the  fibre  is  termed  a  non-myelinated  or  a  non-meduUated 
fibre.  A  second  sheath— thin,  delicate,  and  membranous,  and  placed  externally — may 
also  be  present  in  both  cases.  It  is  termed  the  primitive  sheath  or  the  neurolemma. 
From  a  structural  point  of  view,  therefore,  four  different  forms  of  j^^-^ 
nerve-fibre  may  be  recognised : —  ^cylinder 


uon 


1  n  i  jfl-  Naked  axis  cylmders. 
■medunated-^  o    a  •      r  j  -t-v. 

12.  Axis  cylmders  with  pr 


rimitive  sheaths. 
Primitive  sheath  absent. 


Myelin 


Primitive 


medullated-f^  -r,  .   .  .      i  . 

^^4.  rnmitive  sheath  present. 

Every  nerve-fibre  near  its  origin  and  as  it  approaches  its  termina- 
tion is  unprovided  with  sheaths  of  any  kind,  and  is  simply  repre- 
sented by  a  non- medullated  naked  axis  cylinder.  The  fibres  of 
the  olfactory  nerves  afford  us  an  example  of  non-medullated  fibres 
furnished  with  a  primitive  sheath. 

Medullated  fibres  are  present  in  greater  quantity  in  the  cerebro- 
spinal system  than  non-medullated  fibres.  Thus  all  the  nerves 
attached  to  the  brain  and  cord,  with  the  exception  of  the  olfactory 
and  optic,  are  formed  of  medullated  fibres  provided  with  a  primitive 
sheath ;  whilst  the  entire  mass  of  the  white  substance  of  the  brain 
and  cord,  and  also  the  optic  nerves,  are  formed  of  medullated  fibres 
devoid  of  a  primitive  sheath. 

It  is  important  to  note  that  the  distinction  between  the  medullated 
and  non-medullated  fibres  is  not  one  which  exists  throughout  all 
stages  of  development.    As  will  be  presently  pointed  out,  every  fibre 
is_a  direct  outgrowth  from  a  cell,  and  in  the  first  instance"liorie~are 
.    provided  with  a  medullary  sheath^    Iiideed,  it^  hot  iintir  about  the 
fifth  month  of  foetal  life  that  those  fibres  which  are  to  form  the  white 
substance  of  the  cerebrospinal  axis  begin  to  acquire  their  coating  of 
)  myelin.    Further,  this  coating  appears  in  the  fibres  of  different 
^trands  or  tracts  at  different  periods,  and  a  knowledge  of  this  fact  has 
^nabled  the  anatomist  to  follow  out  the  connexions  of  the  tracts  of 

fibres  which  compose  the  white  matter  of  the  brain  and  cord. 
^    But  it  may  be  asked :  How  does  a  nerve-fibre  arise  and  how  does       fig.  308. 
it  end?    Every  fibrejs  directly  continuous  by  one  extremity  with  a  Nerve-fibre 
nerve-cell,  whilst  its  opposite  extremity  breaks  up  into  a  number 
of  ramifications,  all  of  which  end  freely  in  relation  to  another 
nerve-cell,  or  in  relation  to  certain  tissues  of  tlie  body,  as,  for  example,  to  muscle- 
fibres  or  to  the  epithelial  cells  of  the  epidermis.    The  length  of  nerve-fibres, 
therefore,  varies  very  greatly.    Some  iibres  are  so  short  as  merely  to  bring  two 
neighbouring   nerve-cells   into  relatioil  with  each   other :   others   travel  long 
distances.    Thus  a  fibre  arising  from  one  of  the  motor  cells  of  the  lower  end  of 
the  spinal  cord  may,  after  leaving  the  cord,  extend  to  the  most  outlying  muscle 
in  the  sole  of  the  foot  before  it  reaches  its  destination.    But  even  when  a  fibre 
does  not  leave  the  central  axis  a  great  length  may  be  attained,  and  cells  situated 
in  the  motor  area  of  the  cortex  of  the  cerebrum  may  give  origin  to  fibres  which 
pass  down  to  the  lower  end  of  the  cord. 

Physiologists  classify  the  fibres  which  form  the  nerves  into  two  sets,  afferent 
and  efferent.    Afferent  nerve-fibres  conduct  the  impulse  of  impressions  from  the 
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peripheral  organs  into  the  central  nervous  system  ;  and  as  a  change  of  consciousness, 
or,  in  other  words,  a  sensation  is  a  frequent  result,  these  fibres  are  often  called 
sensory.  Efferent  fibres  carry  impulses  out  from  the  brain  and  cord  to  peripheral 
organs.  The  majority  of  these  fibres  go  to  muscles  and  are  termed  motor ;  others, 
however,  go  to  glands  and  are  called  secretory ;  whilst  some  are  inhibitory  and 
serve  to  carry  impulses  which  restrain  or  check  movement  or  secretion.  As 
previously  stated,  the  spinal  nerves  are  each  attached  to  the  cord  by  a  veiitraLor 
anterior  root,  and  a  dorsal  or  posterior  root ;  the  fibres  composing  the  former  are 
efferent;  whilst  the  fibres  of  the  posterior  root  are  almost  entirely  afferent. 

Nerve-cells. — -The  nerve-cells  constitute  the  active  and  alT^essential  elements 
of  nerve-tissue.  At  the  very  start  it  is  necessary  to  draw  a  broad  distinction 
between  the  ganglionic  cells,  which  are  found  in  the  spinal  ganglia,  and  the  cells 
which  are  so  plentifully  scattered  through  the  gray  matter  of  the  brain  and  cord. 
They  differ  not  only  in  their  mode  of  origin  and  in  their  subsequent  development, 
but  also  in  the  connexions  of  the  nerve-fibres  to  which  they  give  origin. 

Nerve-cells  of  the  Brain  and  Cord. — The  cells  in  the  gray  matter  of  the 
cerebrospinal  axis  are  variable  both  in  size  and  form.  Some  are  relatively  large, 
as,  for  example,  certain  of  the  pyramidal  cells  of  the  cerebral  cortex  and  the  motor 
cells  in  the  gray  matter  of  the  cord,  which  almost  come  within  the  range  of  unaided 
vision ;  others  are  exceedingly  minute,  and  require  a  high  power  of  the  microscope 
to  bring  them  into  view.  The  cell  consists  of  a  protoplasmic  nucleated  body,  from 
which  certain  processes  proceed.  One  process  is  termed  the  axis-cylinder  process 
or  axon;  and  as  a  rule  it  is  easily  distinguished  from  the  others,  which  are  collectively 
called  the  protoplasmic  processes  of  Deiters,  or  the  dendrites. 

The  axon  presents  a  uniform  diameter  and  a  smooth  and  even  outline.  It  gives 
off  in  its  course  fine  collateral  branches,  but  does  not  suffer  thereby  any  marked 
diminution  in  its  girth.  The  most  important  point  to  note  in  connexion  with  the 
axon,  however,  is  the  fact  that  it  becomes  continuous  with  the  axis-cylinder^  of_a 
nerve-fibre.  The  significance  of  this  is  obvious,  and  will  become  more  striking 
when  the  development  of  the  nerve-cells  is  studied.  The  axon  then  is  simply  a 
nerve-fibre,  and  in  certain  circumstances  it  assumes,  as  already  stated,  one  OL_two^ 
investing  sheaths.  The  axon  may  run  its  entire  course  within  the  substance  of 
the  brain  or  cord  either  for  a  short  or  a  long  distance,  or  it  may  emerge  from 
the  Ijrain  or  cord  in  one  of  the  cranial  or  spinal  nerves  as  the  essential  part 
of  an  efferent  nerve -fibre  and  run  a  variable  distance  before  it  finally  reaches 
the  peripheral  structure  in  relation  to  which  it  ends.  The  axon  and  the  col- 
laterals which  spring  from  it  terminate  either  in  small  button -like  swellings 
or  knobs,  or  more  frequently  in  terminal  arborisations,  the  extremities  of  which 
are  free  and  are  furnished  with  exceedingly  small  terminal  varicosities.  In 
those  cases  where  the  axon  or  its  collaterals  end  within  the  brain  or  cord,  some 
of  the  terminal  arborisations  interlace  with  the  dendrites  of  nerve -cells,  whilst 
others  are  twined  around  the  bodies  of  other  cells.  In  the  latter  case  the 
interlacement  may  be  so  close  and  complete  that  it  almost  presents  the  appearance 
of  an  enclosing  basket-work.  In  cases  where  the  axon  emerges  from  the  cerebro- 
spinal axis  its  terminal  arborisation  ends  in  relation  to  a  muscle -fibre  or 
some  other  tissue  in  the  manner  already  referred  to.  In  all  cases,  however,  it 
must  be  clearly  understood  that  the  terminal  branches  of  the  axon,  no  matter  how 
complicated  the  connexion  may  appear,  are  free,  and  that  the  connexion  is  simply 
one  of  contact  or  contiguity,  and  not  one  of  continuity. 

Held  maintains  that,  although  at  first  the  terminal  arborisations  of  an  axon  are  quite 
free,  in  tlie  process  of  growth  and  development  they  exhibit  a  tendency  to  become  fused 
with  the  dendrites  and  even  the  bodies  of  other  nerve-cells. 

The  dendrites,  or  protoplasmic  processes  of  the  nerve-cell,  are  thicker  than  the 
axon,  and  present  a  rough-edged  irregular  contour.  They  divide  into  numerous 
branches,  and  these  gradually,  as  they  pass  from  the  cell-body,  become  niore  and 
more  attenuated  until  they  finally  end  in  free  extremities.  The  branching  of  the 
dendritic  processes  sometimes  attains  a  marvellous  degree  of  complexity,  but  it  is 
now  satisfactorily  established  that,  except  in  exceptional  circumstances,  there  is  no 
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anastomosis  between  the  dendrites  of  neighbouring  cells,  or  between  the  dendrites 
of  the  same  cell.  It  would  appear,  therefore,  that  nothing  in  the  shape  of  a  net- 
work is  formed  by  these  processes. 

In  the  chapter  upon  Embryology  it  has  been  shown  that  in  the  early  condition 
of  the  cerebrospinal  axis  the  brain  and  cord  consist  simply  of  a  thin-walled  tube 
(p.  20).  The  wall  of  this  tube  is  formed  of  a  single  layer  of  tall  columnar  neuro- 
epithelial cells,  and  in  its  deepest  or  most  internal  part  large  round  cells  make  their 
appearance  in  the  intervals  between  the  epithelial  columns.  These  new  cells  are 
termed  the  germinal  cells,  and  from  them  the  nerve-cells  are  derived.    They  are 
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out  ;  d  and  e,  Further  develop- 
Fio.  309. — Transverse  Section  through  the  early  Neural  ment  of  the  dendrites  and  ap- 

TuBE,  diagram matically  represented  (Alfred  H.  Young).  pearance  of  collateral  branches 


The  left  side  of  the  section  exhibits  an  earlier  stage  of  on  the  axon, 

develoiiment  than  the  right  side. 

present  in  considerable  numbers,  and  towards  the  fourth  week  of  embryonic  life 
they  form  an  almost  continuous  layer.  Although  these  cells  ultimately  become 
nerve-cells  they  are  absolutely  without  processes  in  their  early  state,  and  therefore 
at  this  period,  although  there  is  a  nervous  system,  there  are,  as  His  remarks,  no 
nerves.  In  course  of  time,  and  as  the  wall  of  the  neural  tube  thickens,  the 
germinal  cells  begin  to  migrate  in  an  outward  direction.  They  leave  the  deep  part 
of  the  wall  of  the  neural  tube  and  proceed  to  take  up  the  positions  they  occupy 
in  the  gray  matter  of  the  cord  and  brain  of  the  adult.  These  migrating  cells 
assume  a  pyriforni  shape,  and  are  termed  neuroblasts.  The  drawn-out  portion  or 
stalk  of  the  pear-shaped  neuroblast  represents  the  early  axon,  and  this  continues 
to  grow  and  increase  in  length  until  it  ultimately  attains  the  terminal  relations 
characteristic  of  the  adult.  The  study  of  embryology  presents  few  more  remark- 
able phenomena  than  the  manner  in  which  this  axon  grows  out,  and,  in  the 
efferent  nerve-fibres,  emerges  from  the  central  axis,  and  yet  pursues  its  allotted 
path  with  the  most  unerring  exactitude  and  precision  until  it  ultimately  reaches 
the  nerve-cell  or  the  peripheral  tissue  element  with  which  it  becomes  associated. 
The  growing  point  of  both  it  and  its  collaterals  is  slightly  bulbous,  and  it  is  out  of 
this  that  the  terminal  arborisation  is  formed. 

The  dendritic  processes  of  the  nerve-cell  appear  at  a  later  period  than  the  axon. 
The  surface  of  the  neuroblast  becomes  rough  and  then  somewhat  spiny.    By  the 
growth  and  subdivision  of  these  spiny  projections  the  dendrites  are  formed.  As 
27 
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His  remarks,  tlie  nerve-cell  is  therefore  the  genetic  centre  from  which  all  the  parts 
of  a  nervous  element  proceed. 

It  must  now  be  clear  that  each  nerve-cell  is  a  unit  which  is  separate  and  distinct 
from  the  nerve-cells  which  lie  around  it.  Further,  it  is  obvious  that  it  is  wrong  to 
consider  the  nerve-cell  as  something  apart  from  the  nerve-fibre.  The  nerve-cell 
with  its  dendrites  and  axon,  however  wide-spreading  these  processes  may  be,  con- 
stitutes an  independent  system  to  which  tlie  term  neuron  is  applied,  and  the  only 
relation  which  it  has  with  other  neurons  or  with  peripheral  tissues  is  one  of  contact. 

Ganglionic  Nerve-Cells. — The  ganglionic  neurons  found  in  the  ganglia  of  the 
cranial  nerves  and  in  the  ganglia  on  the  dorsal  roots  of  the  spinal  nerves  have  a 
different  origin,  and  present  many  points  of  contrast  with  neurons  in  the  gray  matter 
of  the  brain  and  cord.  As  already  indicated  in  the  chapter  on  Embryology  (p.  20) 
llie  ganglia  in  question  are  derived  from  the  neural  crest.    The  cells  forming  these 

ganglionic  masses  are  somewhat  oval  in  form, 
and  from  either  extremity  or  pole  a  process 
grows  out,  and  the  neurons  in  this  manner 
become  bipolar.  These  processes  are  dis- 
tinguished as  central  and  peripheral,  according 
to  the  direction  which  tliey  take.  The  central 
processes  grow  inwards,  and  penetrate  the 
wall  of  the  neural  tube.  Jn  the  region  of  the 
spinal  cord  they  form  almost  the  whole  of  the 
fibres  which  enter  into  the  composition  of  the 
dorsal  roots  of  the  spinal  nerves.  lu  the 
substance  of  the  cerebrospinal  axis  they  give 
off'  numerous  collaterals,  and  after  a  course  of 
varying  extent  they  end,  after  the  manner  of 
an  axon,  in  terminal  arborisations,  which  enter 
into  relationships  of  contact  with  certain 
nerve -cells  in  the  cerebi'ospinal  axis.  The 
peripheral  processes  grow  outwards  along  the 
path  of  the  •  particular  nerve  with  which  they 
are  associated,  and  they  finally  establish  peri- 
pheral contact  relations.  Thus,  to  take-  one 
example :  the  majority  of  the  fibres  which  go 
to  the  skin  break  up  into  fine  terminal  fila- 
ments, which  end  freely  between  the  epithelial 
cells  of  the  epidermis.  The  two  processes  of 
a  ganglion  cell,  therefore,  form  the  afferent 
fibres  of  the  cerebrospinal  nerves,  and  con- 
stitute the  path  along  which  the  influence  of 
peripheral  impressions  is  conducted  towards 
the  brain  and  cord.  The  body  of  the  cell  is 
as  it  were  interposed  in  the  path  of  such 
impulses. 

But  the  original  bipolar  character  of  these 
cells,  with  very  few  exceptions  (ganglia  in  connexion  with  the  auditory  nerve  and 
the  bipolar  nerve-cells  in  the  olfactory  mucous  membrane),  gradually  undergoes  a 
change  which  ultimately  leads  to  their  transformation  into  unipolar  cells.  This  is 
brought  about  by  the  tendency  which  the  cell-body  has  to  grow  to  one  side,  viz.  the 
side  towards  the  surface  of  the  ganglion  (v.  Lenliossek).  This  unilateral  growth 
leads  to  a  gradual  approximation  of  the  attached  ends  of  the  processes,  and  finally 
to  a  condition  in  which  they  appear  to  arise  from  the  extremity  of  a  short  common 
stalk  in  a  T-shaped  manner  (Fig.  312).  It  is  interesting  to  note  that  the  original 
bipolar  condition  of  these  cells  is  retained  throughout  life  witliout  change  in 
certain  fish. 

Both  the  central  and  peripheral  processes  of  these  ganglionic  cells  become  the 
axis  cylinders  of  nerve-fibres,  which,  acquiring  a  medullary  sheath,  belong  therefore 
to  the  medullated  variety.    From  this  it  might  very  naturally  be  thought  that  the 


Fig.  311. — Diagram  of  the  Connexion  estab- 
lished BY  A  Ganglionic  and  a  Motor 
Neuron  (Ramon  y  Cajal). 

A.  Fibre  coming  down  from  a  pyramiilal  cell  in  the 

motor  area  of  the  cei-ebral  cortex. 

B.  Motor  cell  in  gray  matter  of  spinal  cord. 

C.  Mnscle-libres. 

D.  Collateral  brancli  from  the  pyramidal  fibre. 

E.  Cell  in  the  medulla  oblongata  seuding  its  axon 

upwards  to  the  cerebral  cortex. 

F.  Cells  in  spinal  ganglion. 

G.  Peripheral  process  ofganglionic  cell  ending  in  skin. 
I.  Collateral  branches  of  central  process  of  gan- 
glionic cell. 

S.N.  Spinal  nerve. 
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Fig.  312. — Three  Stages  in  the  Development 
OF  A  Cell  from  a  Spinal  Ganglion. 


ganglionic  neuron,  with  its  two  axons  and  no  typical  dendrites,  is  a  nervous  unit 
very  different  from  a  neuron  in  the  gray  matter  of  the  cerebrospinal  axis.  It  is 
believed  by  some,  however  (van  Gehuchten  and  Cajal),  that  the  peripheral  process, 
in  spite  of  its  enclosure  within  a  medullary 
sheath,  and  though  presenting  all  the  char- 
acters of  a  true  axon,  is  in  reality  a  dendrite. 
If  this  be  the  case,  the  morphological  differ- 
ence between  a  dendrite  and  an  axon  dis- 
appears, and  van  Gehuchten's  functional 
distinction  alone  remains  characteristic,  viz. 
that  the  axon  is  cellulifugal  and  conducts 
impulses  away  from  the  cell,  whilst  the 
dendrites  are  cellulipetal  and  conduct  im- 
pulses towards  the  cell. 

Neuroglia. — The  neuroglia  is  the  sup- 
porting tissue  of  the  cerebrospinal  axis.  It 
may  be  considered  to  include  two  different 
forms  of  cells,  viz.  the  lining  ependymal  cells 
and  the  neuroglia  cells  proper.  We  place 
these  cells  under  the  one  heading,  seeing  that 
in  all  probability  they  both  have  a  common 
developmental  origin. 

The  ependymal  cells  are  the  columnar 
epithelial  cells  which  line  the  central  canal 
of  the  spinal  cord  and  the  ventricles  of  the 
brain.  In  the  embryonic  condition  a  process 
from  the  deep  extremity  of  each  cell  traverses 
the  entire  thickness  of  the  neural  wall  and  reaches  the  surface.  It  is  not  known 
whether  this  process  exists  in  the  adult. 

The  neuroglia  cells  proper  are  found  in  great  numbers  scattered  throughout 

the  gray  and  white  substance  of  the  brain 
and  -  cord.  They  present  many  different 
forms,  but  the  leading  and  distinguishing 
feature  consists  in  the  great  number  of  fine 
branching  processes  which  as  a  rule  pass 
out  from  all  parts  of  the  body.  These 
neuroglial  cells  act  as  a  sort  of  packing 
material  placed  between  the  nervous  ele- 
ments, and  their  processes  twine  around  the 
different  parts  of  the  neurons  in  such  a 
way  as  both  to  isolate  them  and  bind  them 
together. 

The  ependymal  cells  are  undoubtedly 
derived  from  the  original  neuro- epithelial 
cells  of  the  early  neural  tube,  and  in  all  prob- 
ability the  neuroglia  cells  proper  have  a 
similar  origin.  They  both,  therefore,  proceed 
from  the  ectoderm. 

Summary. — 1.  The  cerebrospinal  nervous 
system  is  composed  of  two  parts,  viz.  («)  a 
medullary  part,  consisting  of  the  brain  and 
spinal  cord,  with  the  efferent  nerve -fibres 
which  pass  out  from  them  ;  (&)  the  ganglionic 
part,  with  the  afferent  nerve-fibres. 

2.  Each  of  these  parts  has  a  different  origin  and  is  composed  of  neurons  which 
possess  characteristic  features. 

3.  The  ganglionic  neurons  are  derived  from  the  primitive  cells  of  the  neural 
crest,  and  have  each  one  process  which  divides  into  two.  Of  these  the  central 
•division  enters  the  cerebrospinal  axis  and  probably  represents  the  axon,  whilst  the 


Fig.  313.  —  Section  through  the  Central 
Canal  of  the  Spinal  Cord  op  a  Human 
Embiiyo,  showing  Ependymal  and  Neur- 
oglial Cells  (after  v.  Lenhossek). 
A,  Ependymal  cell.  B,  Neuroglial  cell. 
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peripheral  division,  which  becomes  connected  with  a  peripheral  part,  may  pro- 
visionally be  regarded  as  a  dendrite.  The  central  fibres  from  the  ganglionic  cells 
in  the  region  of  the  cord  form  the  dorsal  or  posterior  roots  of  tlie  spinal  nerves. 
These  roots  have  thus  an  origin  outside  the  cord,  and  grow  into  its  substance  in 
the  process  of  development  in  the  same  manner  that  the  roots  of  a  plant  strike 
into  the  soil. 

4.  The  cerebrospinal  neurons  are  derived  from  the  germinal  cells  in  the  wall 
of  the  early  neural  tube.  Certain  of  these  furnish  efferent  nerve-fibres,  which 
issue  from  the  cord  in  separate  bundles  termed  the  anterior  or  ventral  roots  of  the 
spinal  nerves.  In  the  case  of  the  cranial  nerves,  however,  with  the  exception  of  the 
trigeminal  and  facial  nerves,  the  efferent  fibres  are  not  thus  separated  from  the 
afferent  fibres  at  their  attachment  to  the  brain. 

5.  The  brain  and  cord  when  studied  by  the  naked  eye  are  seen  to  be  composed 
of  white  matter  and  gray  matter.  The  white  matter  forms  very  nearly  two-thirds 
of  the  entire  cerebrospinal  axis.  It  is  composed  of  medullated  nerve  -  fibres 
embedded  in  neuroglial  tissue.  The  gray  matter  is  composed  of  nerve-cells  with 
their  dendrites  and  axons.  Some  of  the  axons  are  in  the  form  of  naked  axis 
cylinders,  whilst  others  have  a  coating  of  medulla.  Intimately  intermixed  with 
these  parts  is  the  neuroglia,  which  isolates  them  more  or  less  completely  from 
each  other. 

SPINAL  CORD. 

The  spinal  cord  is  that  part  of  the  cerebrospinal  axis  which  occupies  the  upper 
two-thirds  of  the  spinal  canal  of  the  vertebral  column.  It  is  an  elongated  cylin- 
drical structure,  slightly  flattened  in  front  and  behind,  which  extends  from  the 
margin  of  the  foramen  magnum  to  the  level  of  the  lower  border  of  the  body  of 
the  first  lumbar  vertebra  or  to  the  upper  border  of  the  body  of  the  second  lumbar 

vertebra.  Its  average  length  in  the  male  is  45  cm. 
and  in  the  female  43  cm. 

Cerebral 
hemisphere 


-"Mesencephalon 


Cerebellum 


of  the  cord 


Fig.  314. — Human  Fostu.s  in  the  third 
month  of  development,  with  the 
Brain  and  Spinal  Cord  exposed 
from  behind. 


A  considerable  amount  of  variation  within  certain 
limits  (viz.  the  mid-point  of  the  body  of  the  last  dorsal 
vertebra  and  the  upper  border  of  the  body  of  the 
third  lumbar  vertebra)  is  observed  in  different  in- 
FourUi  ventricle  dividuals  as  to  the  precise  level  at  which  the  spinal 
Medulla  cord  ends  inferiorly,  and  in  the  female  tliere  would 

appear  to  be  a  tendency  for  the  cord  to  reach  a  slightly 
Cervical  swelling  lower  point  ill  the  caiial  than  in  the  male.  Further 
the  relation  presented  by  tlie  spinal  cord  to  the 
vertebral  column  differs  in  a  marked  degree  in  the 
foetus  and  infant  at  different  periods  of  development. 
Up  to  the  third  month  of  intrauterine  life  the  cord 
occupies  the  entire  length  of  the  spinal  canal ;  it  ex- 
tends downwards  to  the  lowest  limit  of  the  canal. 
But  from  this  time  on,  as  growth  proceeds,  the 
vertebral  column  lengthens  at  a  more  rapid  rate  than 
the  cord.  The  spinal  cord,  therefore,  has  the  appear- 
ance of  shrinking  in  an  upward  direction  within  its 
canal,  and  at  birth  its  lower  end  is  usually  found  to 
be  opposite  the  body  of  the  third  lumbar  vertebra. 

The  attitude  assumed  by  the  individual  affects  to 
a  small  degree  the  position  of  the  lower  end  of  the 
cord.  Thus,  when  the  trunk  is  bent  well  forwards,  it 
is  noticed  that  the  terminal  part  of  the  cord  rises 
slightly  within  its  bony  canal. 


Lumbar  swellin 
of  the  cord 


At  the  margin  of  the  foramen  magnum  the 
spinal  cord  becomes  continuous  with  the  medulla 
oblongata  of  the  brain,  whilst  below,  it  tapers 
rapidly  to  a  point  and  forms  a  tapering  extremity  termed  the  conus  meduUaris. 
From  the  end  of  the  conus  medullaris  a  slender  glistening  thread  is  prolonged 
downwards  within  the  spinal  canal,  and  finally  anchors  the  spinal  cord  to  the  back 
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of  the  coccyx.  This  prolongation  receives  the  name  of  the  filum  terminale.  The 
diameter  of  the  cord  is  very  much  shorter  than  that  of  the  spinal  canal  within 
which  it  lies.  A  wide  interval  is  left  between  its  surface  and  the  walls  of  its 
canal,  and  this  excess  of  space  is  clearly  a  provision  for  allowing  free  movement 
of  the  vertebral  column  without  producing  any  jarring  contact  between  the  delicate 
spinal  cord  and  the  surrounding  bones. 

Three  protective  membranes  are  wrapped  around  the  coid.  From  within 
outwards  these  are  termed  (1)  the  pia  mater;  (2)  the  arachnoid  mater,  and  (3)  the 
dura  mater.  The  pia  mater  is  a  fibrous  mem- 
brane which  forms  the  immediate  investraent. 
It  is  closely  applied  to  the  cord,  and  from  its 
deep  surface  numerous  fine  septa  penetrate  into 
the  substance  of  the  cord.  The  arachnoid  mater 
is  an  exceedingly  delicate  transparent  membrane 
which  is  loosely  wrapped  around  the  cord  so 
as  to  leave  a  considerable  interval,  termed  the 
subarachnoid  space,  between  itself  and  the  pia 
mater,  in  which  there  is  always  a  varying 
amount  of  cerebrospinal  fiuid.  Outside  the 
arachnoid  mater,  the  dura  mater  forms  a  wide, 
dense,  fibrous,  tiibular  sheath,  which  extends 
downwards  within  the  spinal  canal  for  a  con- 
siderable distance  beyond  the  conical  extremity 
of  the  cord.  The  spinal  cord  is  suspended 
within  its  sheath  or  theca  of  dura  mater  by  two 
lateral  wing-like  ligaments,  termed  the  ligamenta 
denticulata.  These  extend  outwards  from  the 
sides  of  the  cord  and  are  attached  by  a  series 
of  pointed  or  tooth-like  processes  to  the  inner 
surface  of  the  theca  of  dura  mater.  Between 
the  wall  of  the  spinal  canal  and  the  dura  mater 
there  is  a  narrow  interval,  which  is  filled  up 
by  soft  areolo-fatty  tissue  and  numerous  thin- 
walled  veins  arranged  in  a  plexiform  manner. 

Thirty-one  pairs  of  spinal  nerves  arise  from 
the  sides  of  the  spinal  cord.  These  are  classified  ^'"i;  315.--the  Conus  Meddllaeis  and  the 

.   .       .  1  ,  •    T   J      T       1       If       T      1  FiLUM  Terminale  exposed  within  the 

into  eight  cervical,  twelve  dorsal,  five  lumbar,     spinal  Canal. 

five  sacral,  and  one  coccygeal ;  and  according 

to  the  attachments  of  these  groups  of  nerves  the  spinal  cord  is  arbitrarily  sub- 
divided into  a  cervical,  dorsal,  lumbar,  and  sacral  region.  In  employing  these 
termSj  therefore,  to  different  districts  of  the  cord,  it  must  be  understood  that  the 
regions  are  determined  by  the  nerve  attachments,  and  not  by  any  direct  relation- 
ship between  these  parts  of  the  cord  and  the  sections  of  the  vertebral  column 
which  bear  the  same  names. 

Each  spinal  nerve  is  attached  to  the  cord  by  a  ventral  and  a  dorsal  root,  and  as 
these  are  traced  to  their  central  attachments  they  are  seen  to  break  up  into  a 
number  of  separate  nerve  fascicles  or  bundles,  which  spread  out,  in  some  cases  very 
widely  from  each  other,  as  they  approach  the  side  of  the  cord  (Fig.  316).  Each 
pair  of  nerves  is  therefore  attached  to  a  portion  of  spinal  cord  of  some  length,  and 
such  a  portion,  with  its  pair  of  nerves,  receives  the  name  of  a  "  segment  of  the 
spinal  cord."  It  must  be  clearly  understood,  however,  that,  in  so  far  as  the  surface 
of  the  cord  is  concerned,  there  is  absolutely  no  means  of  marking  off  one  segment 
from  another,  except  by  the  nerve  attachments. 

In  the  cervical  and  himbar  regions  of  the  cord  the  nerve-roots  are  somewhat  crowded 
together,  so  that  little  or  no  interval  is  left  between  the  adjoining  root  fascicles  of  neighbouring 
nerves.  In  the  dorsal  region,  however,  distinct  intervals  may  be  observed,  and  the  root  fascicles 
are  more  loosely  arranged.  From  this,  it  will  be  evident  that  the  cord  segments  in  different  parts 
of  the  cord  are  not  of  equal  length.  In  the  cervical  region  the  segments  measure  aliout  12  mm. 
in  length,  in  the  dorsal  region  from  20  to  24  mm.,  and  in  the  lumbar  region  about  10  mm. 
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Owing  to  the  great  difference  which  exists  between  the  length  of  the  spinal 
cord  and  the  length  of  the  vertebral  column,  the  farther  we  pass  down  the  greater 
the  distance  becomes  between  the  attachment  of  the  various  nerve-roots  to  the 
cord  and  the  invertebral  foramina  through  which  the  corresponding  nerves  leave 
the  spinal  canal.  The  lower  nerve-roots,  therefore,  have  to  traverse  the  spinal  canal 
for  a  considerable  distance  before  they  reach  their  apertures  of  emergence.  It  thus 
happens  that  the  nerve-roots  which  spring  from  the  lumbar  and  sacral  regions  of 
the  cord  attain  a  very  great  length  and  descend  vertically  in  the  lower  part  of 
the  spinal  canal  in  a  bunch  or  leash,  in  the  midst  of  which  lie  the  conus  medullaris 
and  the  filum  terminale.  This  great  bundle  of  nerve-roots  receives  the  appropriate 
name  of  tlie  cauda  equina. 

Enlargements  of  the  Cord. — Throughout  the  greater  part  of  the  dorsal  region, 
the  spinal  cord  presents  a  uniform  girth  and  a  very  nearly  circular  outline  when 

seen  in  transverse  section.  In  the  cervical 
and  lumbar  regions,  however,  it  shows 
marked  swellings.  The  cervical  enlargement 
(intumescentia  cervicalis)  is  the  more  evident 
of  the  two.  It  begins  very  gradually  at  the 
upper  end  of  the  cord,  attains  its  greatest 
breadth  (12  to  14  mm.)  opposite  the  fifth  or 
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Fig.  316. — Thk   Roots  of   Origin  of  the 

Seventh  Doksal  Nerve  (semi -diagram-  Fig.  317. — Section  through  the  CoNUS  Mbddllaeis  and 
matic).  THE  Cauda  Equina  as  they  lie  in  the  Spinal  Cakal. 

sixth  cervical  vertebra,  and  finally  subsides  opposite  the  second  dorsal  vertebra. 
To  this  portion  of  the  cord  are  attached  the  great  nerves  which  supply  the  upper 
limbs.  The  lumbar  enlargement  (intumescentia  lumbalis)  begins  at  the  level  of 
the  tenth  dorsal  vertebra,  and  acquires  its  maximum  transverse  diameter  (11  to- 
13  mm.)  opposite  tlie  last  dorsal  vertebra.  Below,  it  rapidly  tapers  away  into  the 
conus  medullaris.  To  the  lumbar  enlargement  are  attached  the  great  nerves  of 
the  lower  limbs. 

These  enlargements  of  the  cord  are  associated  with  the  outgrowth  of  the  limbs.  In 
the  earlier  developmental  stages  of  the  spinal  cord  they  are  not  present,  and  they  only 
take  form  as  the  limbs  become  developed.  In  the  lower  mammalia  their  size  corresponds 
with  the  degree  of  development  of  the  limbs.  Thus,  in  the  long-armed  orang  and  gibbon, 
the  cervical  swelling  stands  out  with  a  remarkable  degree  of  prominence.  It  is,  however, 
interesting  to  note  that  although  in  the  cetacea  there  are  no  visible  liind-limbs,  there  is 
nevertheless  a  well-marked  lumbar  enlargement  of  the  cord. 

Fissures  and  Furrows  of  the  Cord. — When  cross-sections  of  the  spinal  cord 
are  made,  it  is  seen  to  be  a  bilateral  structure  which  is  partially  subdivided  "into  a 
right  and  left  half  by  two  median  clefts — one  upon  the  anterior  and  the  otlier  upon 
the  posterior  aspect.  These  clefts  are  termed  the  antero-median  and  the  postero- 
median fissures,  and  they  extend  along  the  entire  length  of  the  cord.    At  the  same 
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time  it  must  be  noted  that  these  two  median  clefts  present  many  pomts  'oi  differ- 
ence. The  antero-median  fissure  (fissura  mediana  anterior)  is  for  the  grea^ter  part  of 
its  length  much  shallower  than  the  postero-median  fissure. 
In  the  cervical  and  dorsal  regions  it  only  penetrates  for  a 
distance  corresponding  to  somewhat  less  than  a  third  of  the 
antero-posterior  diameter  of  the  cord.  Further,  the  antero- 
median cleft  is  much  the  wider  and  more  apparent  of  the 
two,  and  the  pia  mater  dips  down  into  it  and  forms  a  fold  or 
reduplication  within  it.  The  postero-medi?,n  fissure  (fissura 
mediana  posterior)  in  the  cervical  and  dorsal  regions  pene- 
trates into  the  cord  until  it  reaches  a  point  somewhat 
beyond  its  centre.  It  is  extremely  narrow,  and  contains 
a  single  septum  which  is  derived  from  ependymal  and 
neuroglial  elements,  aad  is  intimately  connected  with  the 
adjacent  sides  of  the  two  halves  of  the  cord,  between 
which  it  intervenes.  The  pia  mater,  which  invests  the 
surface  of  the  cord,  passes  continuously  over  the  postero- 
median fissure  and  sends  no  prolongation  of  any  kind  into 
it.  In  the  lumbar  region  of  the  cord  the  postero-median 
fissure  becomes  shallower,  whilst  the  antero-median  fissure 
deepens,  and  ultimately  in  the  lower  part  of  the  cord  the 
two  fissures  present  a  very  nearly  equal  depth. 

The  two  halves  of  the  cord,  which  are  marked  off  from 
each  other  by  the  median  fissures,  may  show  trifling  differ- 
ences in  the  arrangement  of  the  parts  which  compose  them ; 
but  to  all  intents  and  purposes  they  are  symmetrical.  They 
are  joined  together  by  a  more  or  less  broad  band  or  com- 
missure, which  intervenes  between  the  two  median  fissures. 

An  inspection  of  the  surface  of  each  lateral  half  of  the 
cord  brings  into  view  a  longitudinal  groove  or  furrow,  at 
some  little  distance  from  the  postero-median  cleft,  which 
extends  along  the  whole  length  of  the  cord.  Along  the 
bottom  of  this  groove  the  fascicles  of  the  posterior  nerve- 
roots  enter  the  cord  in  accurate  linear  order.  It  is  called 
the  postero-lateral  sulcus  (sulcus  lateralis  posterior).  There 
is  no  corresponding  furrow  on  the  forepart  of  each  lateral 
half  of  the  cord  in  connexion  with  the  emergence  of  the 
fascicles  of  the  anterior  nerve-roots.  These  fascicles  emerge 
irregularly  over  a  broad  strip  of  the  surface  of  the  cord, 
which  corresponds  in  its  width  to  the  thickness  of  the 
subjacent  extremity  of  the  anterior  horn  of  gray  matter. 

The  postero-lateral  groove  subdivides  each  lateral  half  of 
the  cord  into  a  small  posterior  column  (funiculus  posterior) 
and  a  much  larger  antero-lateral  column,  and  it  is  customary 
to  arbitrarily  map  off  the  latter  into  a  lateral  column  (funi- 
culus lateralis)  and  an  anterior  column,  (f imiculus  anterior)] 
by  a  line  corresponcUng  to  the  emergence  of  the  outermost 
fascicles  of  the  anterior  nerve-roots.. 

In  the  cervical  region  a  distinct  longitudinal  groove  may 
be  observed  on  the'  surface  of  the  posterior  column.  It  is 
placed  rather  nearer  tO'  the  postero-median  than  to  the- 
posterorlateral  furrow,,  and  as  it  is.  traced  down  into,  the 
dorsal  region  it  gradually  becomes  indistinct  and  finally  dis- 
appears. This  is  called  the  posterior  paramedian  groove,  and, 
it  marks  on  the  surface  the  position  of  a  septum  of  pia 
mater  which  dips  into  the  cord  and  subdivides  the  posterior 
column  into  an.  outer  part,  termed  the  funiculus  cuneatus 
or  the  column  of  Burdach,  and  an  inner  portion,  which,  receives 
funiculus  gracilis,  or  th.e  aoJumn,  of.  GolL 
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FiG.  318.— Diagram,  of  the. 
Spinal  Cord  a?  seen, 
from  behind., 

CVi  shows  tjie  level  of  the  1st 
cervical  vertebra;  CVv,  of  the, 
5th  cervical;vertelM'a  ;  bVii  of 
tile  2u(J  dorsal  vertebra ;  DVx 
of  the  ICth  dorsal  vertebra ; 
DVxii  of  the  12tli  dorsal  ver- 
tebra ;  LVu  of  the  2nd  lumbar 
vertebra. 
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Internal  Stkucture  of  the  Spinal  Cord. 
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The  spinal  cord  is  composed  of  a  central  core  of  gray  matter  thickly  coated  on 
the  outside  by  white  matter.  At  only  one  spot  does  the  gray  matter  come  close  to 
the  surface,  viz.  at  the  bottom  of  the  postero-lateral  groove. 

Gray  Matter  of  the  Cord. — The  gray  matter  in  the  interior  of  the  cord  has 
the  form  of  a  Huted  column,  but  it  is  customary  to  describe  it  as  it  appears  in 
transverse  sections  through  the  cord.  It  then  presents  the  appearance  of  the 
capital  letter  H.  In  each  lateral  half  of  the  cord  there  is  a  semilunar  or  crescentic 
mass,  shaped  somewhat  like  a  comma,  the  concavity  of  wliich  is  directed  outwards 
and  the  convexity  inwards.  The  two  crescents  of  opposite  sides  are  connected 
across  the  middle  line  by  a  transverse  band,  which  receives  the  name  of  the  gray 
commissure  (commissura  grisea).  The  postero- median  fissure  cuts  through  the 
cord  until  it  reaches  the  gray  commissure.  The  bottom  of  the  antero-median 
fissure,  however,  is  separated  from  it  by  an  intervening  strip  of  white  matter,  which 
is  termed  the  anterior  white  commissure  (commissura  anterior  alba).  In  the  gray 
commissure  may  be  seen  the  central  canal  of  the  cord  (canalis  centralis),  which 
tunnels  the  entire  length  of  the  cord  and  is  just  visible  to  the  naked  eye  as  a 
minute  speck.  The  portion  of  the  gray  commissure  which  lies  behind  the  central 
canal  is  called  the  posterior  gray  commissure  (commissura  grisea  posterior) ;  whilst 
the  portion  in  front  receives  the  name  of  the  anterior  gray  commissure  (commissura 
grisea  anterior). 

Each  crescentic  mass  of  gray  matter  presents  certain  well-defined  parts.  The 
projecting  portions  which  extend  behind  and  in  front  of  the  connecting  transverse 

gray  commissure  are  termed 
respectively  the  posterior 
and  the  anterior  cornua  of 
gray  matter  (columnae 
grisea^).  These  stand  out 
in  marked  contrast  to  each 
other.  The  anterior  cornu 
(columna  grisea  anterior)  is 
short,  thick,  and  very  blunt 
at  its  extremity.  Further, 
its  extremity  falls  consider- 
ably short  of  the  surface  of 
the  cord  and  is  separated 
Anterior  column  from  it  by  a  tolerably  thick 

Fig.  319. — Transverse  Section  through  the  Upper  Part  of  the  coating  of  white  matter. 
Cervical  Region  of  the  Cord.  (Froiu  a  specimen  jirepared  by  Through  this  the  fasciclcS  of 
the  Weigert-Pal  method,  by  which  the  white  matter  is  rendered  n,?fp,.inr  npvvp  rnnt«  fl« 

dark  whilst  the  gray  matter  is  bleached.)  anteilOl  nene-lOOtS,  aS 

they  emerge  from  the  gray 
matter  of  the  anterior  horn,  pass  on  their  way  to  the  surface.  The  thickened  end  of 
the  anterior  cornu  is  called  the  caput  cornu,  whilst  the  slightly  constricted  part  close 
to  the  gray  commissure  is  termed  the  cervix  cornu.  Throughout  the  greater  part  of 
the  cord  the  posterior  cornu  (columna  grisea  posterior)  is  elongated  and  narrow,  and 
is  drawn  out  to  a  fine  point,  which  almost  reaches  the  bottom  of  the  postero-lateral 
sulcus.  This  pointed  extremity  receives  the  name  of  the  apex  cornu ;  the  slightly 
swollen  part  which  succeeds  it  is  the  caput  cornu ;  whilst  the  slightly  constricted 
part  adjoining  the  gray  commissure  goes  under  the  name  of  the  cervix  cornu. 

The  apex  or  tip  of  the  posterior  cornu  differs  considerably  in  appearance  from 
the  general  mass  of  the  gray  matter.  It  is  composed  of  a  material  which  presents 
a  lighter  hue  and  has  a  somewhat  translucent  look.  It  is  called  the  substantia 
gelatinosa  Rolandi,  and,  when  seen  in  transverse  section,  it  exhibits  a  V-shaped  out- 
line and  fits  on  the  caput  cornu  like  a  cap. 

A  pointed  and  prominent  triangular  projection  juts  out  from  the  external 
aspect  of  gray  matter  nearly  opposite  the  gray  commissure.  This  is  the  lateral 
horn  (columna  grisea  lateralis),  and  is  best  marked  in  the  upper  dorsal  region  (Fig. 
320,^B).  Traced  upwards  it  becomes  absorbed  in  the  greatly  expanded  anterior  horn 
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of  the  cervical  swelling,  but  it  reappears  again  in  the  upper  part  of  the  cord  about 
the  level  of  the  third  cervical  nerve ;  followed  in  a  downward  direction  it  blends 
with  the  anterior  horn  in  the  lumbar  swelling  and  contributes  to  the  thickening  of 
that  cornu.    It  is  interesting  to  note  that  it  again  reappears  in  the  sacral  region. 

The  gray  matter  is  for  the  most  part  mapped  off  from  the  surrounding  white  matter 
with  a  considerable  degree  of  sharpness  ;  but  in  the  cervical  region,  on  the  outer 
aspect  of  the  crescentic  mass  and  in  the  angle  between  the  anterior  and  posterior 
horns,  fine  bands  of  gray  matter  penetrate  the  white  matter,  and,  joining  with  each 
other,  form  a  network  the  meshes  of  which  enclose  small  islands  of  white  matter. 
This  constitutes  what  is  called  the  formatio  or  processus  reticularis.  _  Although 
best  marked  in  the  cervical  region,  traces  of  the  same  reticular  formation  may  be 
detected  in  the  lower  regions  of  the  cord. 

Characters  presented  by  the  Gray  Matter  in  Different  Regions  of  the  Cord. 
— The  gray  matter  is  not  present  in  equal  quantity  nor  does  it  exhibit  the  same  form 
in  all  regions  of  the  cord.  Indeed,  there  is  reason  to  believe  that  every  cord  segment 
presents  its  own  special  characters  in  both  of  these  respects.  It  is  not  necessary, 
however,  in  the  present  instance  to  enter  into  this  matter  with  any  degree  of 
minute  detail.  It  will  be  sufficient  if  we  point  out  the  broad  distinctions  which 
are  evident  in  the  different  regions. 

It  may  be  regarded  as  a  general  law  that,  wherever  there  is  an  increase  in  the 
size  of  the  nerves  attached  to  a  particular  part  of  the  cord,  a  corresponding 
increase  in  the  amount  of  gray  matter  will  be  observed.  It  follows  from  this 
that  the  regions  where  the  gray  matter  bulks  most  largely  are  the  lumbar  and 
the  cervical  sweUings.  The  great  nerve-roots  which  go  to  form  the  nerves  of  the 
large  limb-plexuses  enter  and  pass  out  from  those  portions  of  the  cord.  In  the 
dorsal  region  there  is  a  reduction  in  the  quantity  of  gray  matter  in  correspondence 
with  the  smaller  size  of  the  dorsal  nerves. 

In  the  dorsal  region  (Fig.  320,  B)  both  horns  of  gray  matter  are  narrow,  although 
the  distinction  between  the  anterior  horn  and  the  still  more  attenuated  posterior 
horn  is  sufficiently  manifest.  In  the  cervical  region  (Fig.  320,  A)  the  contrast  between 
the  cornua  is  most  marked ;  the  anterior  horn  is  of  great  size  and  presents  a  very 
broad  surface  towards  the  anterior  aspect  of  the  cord,  whilst  the  posterior  horn 
remains  narrow.  In  the  lumbar  region  (Fig.  320,  C),  on  the  other  hand,  the 
difference  in  the  breadth  of  the  two  gray  horns  is  not  so  marked,  owing  to  a 
broadening  out  of  the  posterior  horn.  The  increase  in  the  quantity  of  gray  matter 
in  the  cervical  swelling  is  chiefly  confined  to  the  anterior  horns,  whilst  in  the 
lumbar  swelling  it  takes  place  in  both  horns.  In  the  lower  part  of  the  conus 
medtcllaris  the  gray  matter  in  each  lateral  half  of  the  cord  assumes  the  form  of  an 
oval  mass  joined  to  its  fellow  of  the  opposite  side  by  a  thick  gray  commissure. 
Here  almost  the  entire  bulk  of  the  cord  consists  of  gray  matter,  seeing  that  the 
white  matter  is  reduced  to  such  an  extent  that  it  forms  only  a  thin  coating  on  the 
outside. 

White  Matter  of  the  Spinal  Cord. — In  transverse  sections  of  the  cord  the 
three  columns  into  which  the  white  matter  is  subdivided  become  very  apparent. 
The  posterior  column  is  wedge-shaped,  and  lies  between  the  postero-median  fissure 
and  the  posterior  horn  of  gray  matter.  The  lateral  column  occupies  the  concavity 
of  the  gray  crescent.  Behind,  it  is  bounded  by  the  posterior  horn  of  gray  matter 
and  the  postero-lateral  sulcus,  whilst  in  front  it  extends  as  far  as  the  outermost 
fasciculi  of  the  anterior  nerve-roots  as  they  pass  out  from  the  anterior  gray  horn. 
The  anterior  column  includes  the  white  matter  between  the  antero-median  fissure 
and  the  anterior  horn  of  gray  matter,  and  also  the  white  matter  which  separates  the 
broad  extremity  of  the  anterior  gray^.cornu  from  the  surface  of  the  cord.  This 
latter  portion  of  the  anterior  column  is  traversed  by  the  emerging  fascicles  of  the 
anterior  nerve-roots. 

In  cross-sections  of  the  cord  the  partition  of  pia  mater,  which  dips  in  at  the 
posterior  paramedian  groove  and  divides  the  posterior  column  into  the  column  of 
Goll  and  the  column  of  Burdach,  is  very  strongly  marked  in  the  cervical  region ; 
but  as  it  is  traced  downwards  into  the  dorsal  region  it  becomes  shorter  and  fainter, 
and  finally  disappears  altogether  at  the  level  of  the  eighth  dorsal  nerve.  Below 
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this  point  tliere  is  absolutely  no  visiljle  demarcation  of  the  posterior  column  into 
two  parts. 

The  white  matter  is  not  present  in  equal  quantity  throughout  the  entire  length 
of  the  cord.    Tt  increases  steadily  from  below  upwards,  ami  this  inciease  is  most 

1  , 


-Cervical  region — at  tlie  level  of  the  fifth  cervical  uerve. 
(From  a  specimen  prepared  by  Dr.  A.  Bruce.) 


1.  Postero-median  fissure. 

2.  Paramedian  septum. 

3.  Postero-lateral  {;roove. 

4.  Posterior  iierve-root. 

6.  Substantia  gelatinosa  Rolandi. 
6.  Root-libres  entering  gray  matter. 


7.  Fonnatio  reticularis. 

8.  Central  canal. 

9.  Groups  of  ventral  cells. 

10.  Anterior  comniissure. 

11.  Anterior  nerve-root. 

12.  Antero-median  fissure. 


B. — Thvough  the  mid-dorsal  region 

1.  Postero-median  fissure. 

2.  Postero-lateral  groove. 
.S.  Posterior  cornu. 

4.  Posterior  vesicular  colunni  of  cells. 

5.  Lateral  cornu. 

6.  Central  canal. 

7.  Anterior  cornu. 

8.  Antero-median  fissure. 


c. 


-Through  the  lumbar  region  at  the  level  of  the 
fourth  lumbar  nerve. 


1.  Posterior  nerve-root. 

2.  Postero-median  fissure. 

3.  Substantia  gelatinosa  Rolandi. 

4.  Root-fibres  entering  gray 

matter. 


Fig.  320.- 


5.  Central  canal. 

6.  Anterior  commissure. 

7.  Groups  of  ventral  cells. 
S.  Anterior  nerve-root. 

0.  Antero-median  fissure. 


-Tlifough  the  sacral  region  at  the  level  of  the 
third  sacral  nerve.  (From  a  specimen  pre- 
pared by  Dr.  A.  Bruce. ) 

1.  Postero-median  fissure. 

2.  Posterior  nerve-root. 

3.  Substantia  gelatinosa  Rolandi. 

4.  Posterior  gray  connnissure. 

5.  Anterior  commissure. 

6.  Antero-median  fissure. 


-Sfx'Tion  throdoh  each  of  the  Fodu  Reuions  of  the  Cord. 

the  Weigert-Pal  method.) 


(From  specimens  prepared  by 


noticeable  in  the  lateral  and  posterior  columns.  In  the  lower  part  of  the  conus 
medullaris  the  amount  of  gray  matter  is  actually  greater  than  that  of  the  white 
matter :  but  very  soon  this  state  of  affairs  is  changed^  aod  in  the  lumbar  region  the 
proj)ortion  of  gray  to  white  matter  is  approximately      1  :.2."1;.  in  tire  dorsal  region 
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as  1 : 5  ;  and  in  the  cervical  region  as  1 : 5"1.  When  it  is  remembered  how  tlie 
gray  matter  expands  in  tlie  himbar  and  cervical  regions,  and  how  greatly  it  becomes 
rednced  in  the  dorsal  region,  the  significance  of  these  figures  will  become  more 
apparent. 


Summary  of  the  Chief  Chakacters  presented  by  the  Cord  in  its 

Different  Eegions. 


Cervical  Region. 

Dorsal  Region. 

Lumbar  Region. 

Sacral  Region. 

In  transverse  section, 
outline  of  cord 

transversely   oval ; 
in  the  middle  of 
tlie  cervical  swel- 
■  ling  the  transverse 
diameter  being 
nearly     one -third 
longer    than  the 
antero-posterior  di- 
ameter. 

In  transverse  section, 
outline  of  cord  more 
nearly  circular ;  but 
still  the  transverse 
diameter  is  greater 
than  the  antero- 
posterior diameter. 

In  transverse  section, 
outline  of  cord  more 
nearly  circular  than 
in  dorsal  region. 

In  transverse  section, 
outline  of  cord 

nearly  circular,  but 
still  somewhat  com- 
pressed from  before 
backwards. 

Postero-median  cleft 

very  deep,  extend- 
ing    beyond  the 
centre     of     cord : 
antero-median  cleft 
shallow. 

Postero-median  cleft 

very  deep,  extend- 
ing Ijeyond  centre 
of  cord :  antero- 
median cleft  shal- 
low. 

Postero-median  cleft 

not  nearly  so  deep 
as  in  regions  al)ove : 
antero-median  cleft, 
on  the  other  hand, 
much  deeper. 

Postero-median  and 
antero-median 
clefts  of  equal 
depth. 

Gray  matter  greatly 
increased  in  quan- 
tity in  the  cervical 
swelling :  anterior 
horn    thick  and 
massive ;  posterior 
horn    slender  in 
comparison.  Lateral 
horn  only  evident 
above  the  level  of 
the  fourth  cervical 
nerve.  Formatio 
reticularis  strongly 
marked. 

Gray  matter  greatly 
reduced  in  quan- 
tity. Both  horns 
exceedingly  slender. 
Lateral  horn  well 
marked.  Formatio 
reticularis  scarcely 
api^arent. 

Gray  matter  greatly 
increased  in  the 
lumbar  swelling. 
Botli  horns  very 
thick  and  massive. 
Lateral  horn  ab- 
sorbed in  anterior 
horn.  Formatio 
reticularis  absent. 

Both  horns  of  gray 
matter  very  thick 
and  massive.  Lat- 
eral horn  apparent. 
No  formatio  reti- 
cularis. 

White  matter  in  great 
quantity,   and  es- 
pecially massed  in 
the  latei'al  and  pos- 
terior columns. 

"White  matter  less  in 
quantity  than  in 
cervical  I'egion,  but 
bulking  largely  in 
conijmrison  with 
the  quantity  of  gray 
matter. 

"White  matter  small 
in  quantity  in  rela- 
tion to  higher  re- 
gions, and  very 
small  in  amount  in 
relation  to  increased 
quantity  of  gray 
matter. 

"White  matter  very 
small  in  quantity 
in  comparison  with 
the  gray  matter. 

Posterior  paramedian 
groove  and  septum 
well  marked. 

Posterior  paramedian 
groove  absent ;  but 
the  corresponding 
septum  can  be 
traced  as  low  down 
as  the  eighth  dorsal 
nerve. 

No  posterior  para- 
median groove  or 

septum. 

No  posterior  para- 
median groove  and 

no  corresjjonding 
septum. 

Central    canal  con- 
siderably nearer  the 
anterior  surface 
than  the  posterior 
surface  of  the  cord. 

Central  canal  con- 
siderably nearer  the 
anterior  surface 
than  the  posterior 
surface  of  the  cord. 

Central  canal  in  the 

centre  of  the  cord. 

Central  canal  in  the 

centre  of  the  cord. 
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Central  Canal  (canalis  centralis). — As  previously  stated,  the  central  canal  is 
found  in  the  gray  commissure.  It  is  a  very  minute  tunnel,  barely  visible  to  the 
naked  eye  vi^hen  seen  in  transverse  section,  and  it  traverses  the  entire  length  of  the 
cord.  Above,  it  passes  into  the  medulla  oblongata,  and  finally  opens  into  the  fourth 
ventricle  of  the  brain ;  belov^r,  it  is  continued  for  a  variable  distance  into  the  filum 
terminale,  and  in  this  it  ends  blindly.  Only  in  the  lumbar  region  does  the  central 
canal  occupy  the  centre  of  the  cord.  Above  this  level,  in  the  dorsal  and  cervical 
regions,  it  lies  very  much  nearer  the  anterior  than  the  posterior  aspect  of  the  cord ; 
whilst  below  the  lumbar  region,  as  it  is  traced  down  into  the  conus  medullaris,  it 
inclines  backwards  and  approaches  the  posterior  aspect  of  the  cord.  The  calibre  of 
the  canal  likewise  varies  somewhat  in  different  parts  of  the  cord.  It  is  narrowest 
in  the  dorsal  region ;  and  in  the  lower  part  of  the  conus  medullaris  it  expands  into 
a  distinct  fusiform  dilatation  (very  nearly  1  mm.  in  transverse  diameter),  which  is 
termed  the  ventriculus  terminalis  (Krause). 

The  central  canal  is  lined  by  a  layer  of  ciliated  columnar  cells,  the  deep  taper- 
ing ends  of  which  are  prolonged  into  slender  processes,  which  penetrate  into  the 
substance  of  the  cord.  These  cells  constitute  the  lining  ependymal  cells  of  the 
canal. 

The  central  canal  is  of  interest  because  it  represents  in  the  adult  the  relatively 
wide  lumen  of  the  early  ectodermal  neural  tube  from  which  the  spinal  cord  is 
developed. 

Filum  Terminale. — The  delicate  thread  to  which  this  name  is  applied  is  con- 
tinuous with  the  lower  tapered  end  of  the  conus  medullaris.  It  is  easily  distin- 
guished by  its  silvery  and  glistening  appearance  from  the  numerous  long  nerve-roots 
(cauda  equina)  amidst  which  it  lies.  It  is  about  six  inches  long,  and  down  to  the 
level  of  the  second  sacral  vertebra  it  is  inclosed  with  the  surrounding  nerve-roots 
within  the  theca  of  dura  mater.  Piercing  the  tapered  and  closed  end  of  the  theca 
at  this  point,  and  receiving  an  investment  from  it,  the  filum  terminale  proceeds 
downwards  in  the  sacral  canal,  and  finally  receives  attachment  to  the  periosteum  on 
the  dorsal  aspect  of  the  coccyx  (Fig.  315,  p.  421).  It  is  customary  to  speak  of  the 
filum  as  consisting  of  two  parts,  viz.  the  filum  terminale  internum  and  the  filum 
terminale  externum,  or  the  part  inside  and  the  part  outside  the  theca  of  dura 
mater. 

The  filum  terminale  externum  is  simply  a  fibrous  thread,  strengthened  by  the 
prolongation  it  receives  as  it  pierces  the  dura  mater.  The  filum  terminale  internum 
is  largely  composed  of  pia  mater  ;  but  in  its  upper  half  it  incloses  the  terminal  part 
of  the  central  canal,  and  around  this  a  variable  amount  of  the  gray  substance  of  the 
cord  is  prolonged  downwards  into  the  filum.  When  transverse  sections  are  made 
through  the  upper  part  of  the  filum  terminale  internum  some  bundles  of  medul- 
lated  nerve-fibres  are  observed  clinging  to  its  sides,  and  with  these  are  associated 
some  nerve-cells  identical  with  those  in  the  spinal  ganglia.  These  represent  rudi- 
mentary or  aborted  caudal  nerves  (Eauber). 

Component  Parts  of  the  Geay  Matter  of  the  Spinal  Cord. 

Neuroglia  enters  largely  into  the  constitution  of  the  gray  matter  of  the  cord. 
It  forms  a  bed  within  which  the  nervous  elements  are  distributed.  These  nervous 
elements  consist  of  (1)  nerve-cells  and  (2)  nerve-fibres — both  medullated  and  non- 
medullated.  The  nerve-cells  lie  in  small  spaces  within  the  neuroglia,  whilst  the 
nerve-fibres  traverse  fine  passages  the  walls  of  which  are  formed  of  the  same  sub- 
stance. The  neuroglia  is  thus  an  all-pervading  basis  substance,  which  isolates  more 
or  less  completely  the  nervous  elements  from  each  other,  and  at  the  same  time 
binds  them  together  into  a  consistent  solid  mass.  In  the  gray  matter  of  the  cord 
we  distinguish  two  different  kinds  of  material,  viz.  the  substantia  gelatinosa  and  the  ' 
substantia  spongiosa.  The  substantia  gelatinosa,  as  already  mentioned,  forms  the 
apex  of  the  posterior  horn  of  gray  matter,  and  in  this  situation  it  is  called  the 
substantia  gelatinosa  Rolandi.  It  is  also  present  in  the  form  of  a  thick  ring  around 
the  central  canal,  and  here  it  receives  the  name  of  the  substantia  gelatinosa  centralis. 
The  remaiijder  of  the  gray  matter  constitutes  the  substantia  spongiosa.    The  sub- 
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stantia  gelatinosa  stains  more  deeply  with  carmine,  and  has  a  more  transparent  or 
translucent  appearance  than  the  suljstantia  spongiosa. 

In  transverse  sections  of  the  cord  the  substantia  Rolandi,  in  the  cervical  and 
dorsal  regions,  presents  the  appearance  of  a  V-shaped  mass,  embracing  the  extremity 
of  the  caput  of  the  posterior  horn  of  gray  matter ;  in  the  lumbar  region  this  cap 
assumes  a  semi-lunar  outline. 

In  the  substantia  gelatinosa  the  neuroglia  is  present  in  large  quantity,  and  in 
the  Rolandic  portion  of  it  small  nerve-cells  are  developed  in  considerable  numbers. 
In  the  substantia  centralis  the  nerve-cells  are  few  in  number,  and  the  ring  which  it 
forms  is  traversed  by  the  fine  processes  which  proceed  from  the  deep  ends  of  the 
ependymal  cells  which  line  the  central  canal. 

Nerve-Cells. — The  nerve-cells  are  scattered  plentifully  throughout  the  gray 
matter,  but  perhaps  not  in  such  great  numbers  as  might  be  expected  when  we  note 
the  enormous  number  of  nerve-fibres  with  which  they  stand  in  relation.  They  are 
all,  without  exception,  multipolar,  and  send  off  from  their  various  aspects  several 
branching  protoplasmic  processes  or  dendrites,  and  one  axon,  which  becomes  the 
axis  cylinder  of  a  nerve-fibre.  In  size  they  vary  considerably,  and  it  is  generally 
admitted  that  the  bulk  of  a  nerve-cell  has  a  more  or  less  definite  relation  to  the 
length  of  the  axis  cylinder  which  proceeds  from  it. 

When  the  nerve-cells  are  studied  in  a  series  of  transverse  sections  of  the  cord, 
it  will  be  noticed  that  a  large  proportion  of  them  are  grouped  in  clusters  in  certain 
districts  of  the  gray  matter ;  and  as  these  groups  are  seen  in  very  much  the  same 
position  in  successive  sections,  it  is  clear  that  these  cells  are  arranged  in  longitudinal 
columns  of  greater  or  less  length.  Thus  we  recognise  (1)  a  ventraL- group.,  or 
column  of  cells  in  the  anterior  horn  of  gray  matter ;  (2)  a  lateral  group  or  column 
in  the  lateral-horn  ol gray  matter,  where  this  exists;  and  (3)  a  posterior  vesicular 
column  of  cells  (Clarke's  column),  forming  a  most  conspicuous  group  in  the  mesial 
part  of  the  cervix  of  the  posterior  horn  in  the  dorsal  region  of  the  cord. 

OtheFcelts  besides  those  forming  these  columns  are  scattered  somewhat  irregu- 
larly throughout  the  gray  matter  of  the  posterior  horn  and  the  part  of  the  gray 
crescent  which  lies  between  the  two  horns  ;  and  although  these  also  in  some  measure 
may  be  classified  into  groups,  the  arrangement  thus  effected  is  not  of  so  definite  a 
character  as  to  justify  us  in  dwelling  upon  it  in  the  present  instance. 

Ventral  Cell-Column  and  the  Origin  of  the  Fibres  of  the  Anterior  Nerve- 
Roots. — The  ventral  cell-group  occupies  the  anterior  horn  of  gray  matter,  and  in 
it  are  found  the  largest  and  most  conspicuous  cells  in  the  spinal  cord.  It  extends 
from  one  end  of  the  cord  to  the  other.  These  ventral  nerve-cells  have  numerousi 
wide-spreading  dendritic  processes,  and  it  is  to  be  noticed  that  certain  of  these 
dendrites  do  not  confine  their  ramifications  to  the  gray  matter.  Thus,  some  of  the ' 
cells  along  the  mesial  border  of  the  anterior  horn  of  gray  matter  send  dendrites 
across  the  mesial  plane  in  the  anterior  commissure  to  end  in  the  anterior  gray 
horn  of  the  opposite  side ;  whilst  others,  lying  along  the  lateral  or  outer  margin  of 
the  anterior  horn  of  gray  matter,  send  dendrites  in  amongst  the  nerve-fibres  of  the 
adjoining  white  matter. 

The  axons  or  axis  cylinder  processes  of  a  large  proportion  of  the  ventral  cells 
converge  together ;  and,  becoming  meduUated,  form  bundles  which  pass  out  from 
the  gray  matter,  and  through  the  white  matter  which  separates  the  thick  end  of 
the  anterior  horn  from  the  surface  of  the  cord,  to  finally  emerge  as  the  fascicles  of 
the  anterior  nerve-roots.  These  cells,  then,  are  the  sources  from  which  the  nerve- 
fibres  of  the  anterior  nerve-roots  proceed,  and  in  consequence  they  are  frequently 
spoken  of  as  the  "  motor  cells  "  of  the  cord. 

In  the  chick  a  few  of  the  more  deeply  seated  of  the  ventral  cells,  placed  in  the 
cervical  part  of  the  anterior  horn  of  gray  matter,  send  their  axons  backwards  through  the 
posterior  horu  to  the  postero-lateral  groove.  Here  they  emerge  from  the  cord  and  con- 
stitute a  small  group  of  efferent  nerve-fibres  in  the  afferent  posterior  nerve-root.  It  is 
more  than  doubtful  if  any  such  fibres  exist  in  the  posterior  nerve-root  of  the  mammal 
(Sherrington). 

The  ventral  cells  are  not  scattered  uniformly  throughout  the  anterior  horn  of  gray 
matter.    They  are  aggregated  more  closely  together  in  certain  parts  of  the  anterior  horn, 
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and  thus  form  sub-groups  more  or  less  perfectly  marked  oft'  from  each  other.  This  is  most 
evident  in  the  cervical  and  lumbar  swellings  of  the  cord,  where,  in  conformity  with  the 
large  anterior  nerve-roots  w'hich  issue  from  tiie  cord,  the  ventral  cells  are  much  more 
numerous  than  in  the  dor.sal  region,  and  whei'e  also  certain  of  the  motor  cells  are  especially 
large  in  conformity  with  the  great  length  of  the  efferent  fibres  which  proceed  from  them 
for  the  supply  of  the  distant  muscles  of  the  limbs. 

Two  such  sub-groups  of  the  ventral  cells  are  easily  recognised,  viz.  a  mesial  and  a 
lateral.  The  mesial  group  occupies  the  inner  or  mesial  part  of  the  anterior  gray  horn, 
whilst  the  lateral  group  occupies  the  outer  part  of  the  anterior  gray  horn.  In  the  cei'vical 
and  lumbar  enlargements  of  the  cord  the  cells  of  the  lateral  group  increase  greatly  in 
immber  and  become  massed  together  in  two  collections,  viz.  a  set  in  front  called  the 
veiitro-lateral  sub-group,  and  a  set  behind  and  more  deeply  placed,  which  receives  the 
name  of  the  dorso-lateral  sub-group. 

It  is  thought  by  some  that  this  grouping  of  the  ventral  column  of  cells  stands  in  rela- 
tion to  the  muscle-groups  to  which  their  axis  cylinder  processes  are  distributed. 

Lateral  Cell-Column. — In  those  regions  of  the  cord  where  the  lateral  horn 
of  gray  matter  is  well  marked  a  group  of  cells  may  be  seen  within  it.  In  other 
districts  of  the  cord  the  same  cell-group  may  be  detected,  although  it  is  not  so 
distinctly  represented. 

Posterior  Vesicular  Column — Clarke's  Column. — This  occupies  the  posterior 
horn  of  gray  matter  and  is  the  most  conspicuous  of  all  the  cell-groups  in  the 
cord.  It  does  not,  however,  extend  along  the  whole  length  of  the  cord ;  indeed 
it  is  almost  entirely  confined  to  the  dorsal  region,  and  in  consequence  it  is  some- 
times referred  to  as  the  "  dorsal  nucleus."  Above,  it  begins  opposite  the  seventh  or 
eighth  cervical  nerve,  whilst  below,  it  may  be  traced  to  the  level  of  the  second 
lumbar  nerve,  where  it  disappears.  In  transverse  section  of  the  cord  it  presents  an 
oval  outline,  and  is  seen  in  the  inner  part  of  the  cervix  of  the  posterior  horn  of 
gray  matter  immediately  behind  the  gray  commissure  (Fig.  B).  On  the  outer  side 
it  is  circumscribed  by  numerous  curved  fibres  from  the  entering  posterior  nerve- 
root,  and  in  the  lower  dorsal  region  of  the  cord  (opposite  the  eleventh  and  twelfth 
dorsal  nerves)  it  becomes  so  marked  that  it  forms  a  bulging  on  the  'inner  aspect 
of  the  posterior  gray  horn. 

The  cells  of  Clarke's  column  are  large,  and  possess  several  dendritic  processes. 
The  axons  enter  the  lateral  column  of  white  matter  and  there  form  a  strand  of 
fibres,  which  will  later  on  be  described  under  the  name  of  the  direct  cerebellar 
tract. 

In  addition  to  the  topographical  .subdivision  of  the  nerve-cells  of  the  cord  indicated  above,  it 
is  now  usual  to  classify  them  according  to  the  nature  of  the  axons  which  proceed  from  them. 
Thus  we  have  (1)  the  cells  of  Golgi  or  cells  with  short  axons,  and  (2)  cells  with  long  axons. 

The  cells  of  Golgi  iwssess  axons  which  do  not  emerge  from  the  gray  matter,  but  bring  neigh- 
bouring cells  into  touch  with  each  other.  The  cells  with  long  axons  are  of  two  kinds,  viz. 
radicular  cells  and  strand-cells. 

The  radicular  cells  are  tliose  from  which  the  axon  emerges  from  the  cord  in  the  shape  of  an 
efferent  iierve-filjre.  Thus  the  "motor  cells"  which  supply  the  axis  cylinder  processes  of  the: 
anterior  nerve-roots  belong  to  this  class.  The  strand-cells  are  those  wliiij^ontrilnite  their  axons 
to  the  formation  of  those  fibres  which  form  certain  of  the  strands  or  tnwrS'^^Jikii  are  found  in 
the  white  matter  of  the  cord.  ' 


Nerve-fibres  in  the  Gray  Matter  of  the  Cord. — Nerve-fibres  both  of  the 
medullated  and  non-meduUated  variety  per\'ade  every  part  of  the  gray  matter. 
They  are  of  three  kinds,  viz.  (1)  collaterals,  (2)  terminations  of  nerve-fibres,  (3) 
axons  given  off  by  the  cells.  The  nerve-fibres  which  compose  the  columns  of  white 
matter  of  the  cord  give  off  numerous  fine  collateral  branches,  which  pass  into  the 
gray  matter  from  all  sides  and  finally  end  in  relation  with  the  nerve-cells.  The 
majority  of  the  nerve-fibres  themselves,  which  thus  give  off  collaterals,  finally  turn 
in  and  enter  the  gray  matter,  to  end  similarly.  As  already  noted,  the  axons  of  the 
cells  in  the  case  of  the  cells  of  Golgi  remain  within  the  gray  matter,  but  all  the 
others  emerge  either  for  the  purpose  of  entering  a  peripheral  nerve  or  for  the  pur- 
pose of  entering  a  strand  of  fibres  in  the  white  matter  of  the  cord. 

The  nerve-fibres  thus  derived  are  interwoven  together  in  the  gray  matter  of  the 
cord  in  a  dense  inextricable  interlacement. 
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Component  Parts  of  the  White  Matter  of  the  Cord. 


The  white  matter  of  the  cord  is  composed  of  medullated  nerve-fibres  embedded 
in  neuroglia.  The  fibres,  for  the  most  part,  pursue  a  longitudinal  course ;  and  from 
the  deep  surface  of  the  pia  mater  which  surrounds  the 
cord  fibrous  septa  or  partitions  are  carried  in  along 
vertical  planes  between  the  fibres,  so  as  to  form  an 
irregular  and  very  imperfect  fibrous  framework  of 
support.  The  neuroglia  is  disposed  in  a  layer  of 
varying  thickness  around  the  cord,  subjacent  to  the 
pia  mater,  and  is  carried  into  the  cord  so  as  to  give  a 
coating  to  both  sides  of  the  various  pial  septa.  The 
neuroglia  also  is  disposed  around  the  various  nerve- 
fibres,  so  that  each  of  these  may  be  said  to  lie  in  a 
canal  or  tunnel  of  this  substance.  The  nerve-fibres 
are  all  medullated,  but  they  are  not  provided  with 
primitive  sheaths.  It  is  the  medullary  substance  of 
the  nerve-fibres  which  gives  to  the  white  matter  its 
opaque,  milky- white  appearance.  When  a  thin  trans- 
verse section  of  the  cord  is  stained  in  carmine  and 
examined  under  the  microscope  the  white  matter 
presents  the  appearance  of  a  series  of  closely-applied 
circles,  each  with  a  dot  in  the  centre.  The  dot  is  the 
transversely  divided  axis  cylinder  of  a  neive-fibre,  and 
the  dark  ring  which  forms  the  circumference  of  the 
circle  represents  the  wall  of  the  neuroglial  canal  which 
is  occupied  by  the  fibre.  The  medullary  substance  is 
very  faintly  seen.  It  presents  a  filmy  or  cloudy 
appearance  between  the  axis  cylinder  and  the 
neuroglial  ring. 

Arrangement  of  the  Nerve-fibres  of  the  White 
Matter  in  Strands  or  Tracts. — When  the  white 
matter  of  a  healthy  adult  cord  is  examined  the  fibres  which  compose  it  are  seen 
to  vary  considerably  in  point  of  size ;  and  although  there  are  special  places  where 
large  fibres  —  or  it  may  be  small  fibres  —  are  present  in  greater  numbers  than 
elsewhere,  .yet  as  a  rule  both  great  and  small  fibres  are  mixed  up  together. 
Absolutely  no  evidence  can  be  obtained  in  such  a  cord,  by  any  means  at  our 
disposal,  of  the  fact  that  the  longitudinally-arranged  fibres  are  grouped  together 
in  more  or  less  definite  tracts  or  strands,  the  fibres  of  which  run  a  definite  course 
and  present  definite  connexions.  Yet  we  know  this  to  be  the  case,  and  the 
existence  of  these  separate  tracts  has  been  proved  both  by  physiological  and  by 
embryological  investigation. 

Tlie  physiological  evidence  depends  on  the  fact  that  when  a  nerve-fibre  is  severed  the  part 
which  is  detached  from  the  nerve-cell  from  wliich  it  is  an  offslioot  degenerates,  wliilst  the  part 
which  remains  connected  with  the  nerve-cell  undergoes  little  or  no  change.  This  is  called  the 
law  of  "  Wallerian  "  degeneration.  Thus,  if  in  a  living  animal  one-lialf  of  the  cord  be  cut  across, 
and  after  a  few  weeks  the  animal  be  killed  and  the  cord  examined,  it  will  be  seen  that  there 
are  degenerated  tracts  of  fibres  in  the  white  matter,  both  above  and  below  the  plane  of  division  ; 
but,  still  further,  it  will  also  be  manifest  that  the  tracts  which  are  degenerated  above  the  plane 
of  division  are  not  the  same  as  those  which  are  ■  degenerated  in  the  part  of  the  cord  which  lies 
below  this  level.  The  interpretation  of  this  is  obvious.  The  nerve-tracts  which  have  degenerated 
aljove  the  plane  of  section  are  the  offshoots  of  nerve-cells  which  lie  in  lower  segments  of  the  cord 
or  in  sjjinal  ganglia  below  the  plane  of  section.  Severed  from  these  nerve-cells,  they  undergo 
what  is  called  ascending  degeneration.  The  nerve-tracts,  on  the  other  hand,  which  have 
degenerated  in  the  portion  of  the  cord  below  the  plane  of  division  are  the  axons  of  cells  which 
lie  at  a  higher  level  than  the  plane  of  section,  either  in  higher  segments  of  the  cord  or  in  the 
brain  itself.  Cut  oft'  from  the  nerve-cells  from  which  they  proceed,  they  present  an  example  of 
descending  degeneration. 

The  embryological  evidence  we  owe  to  Flechsig,  and  it  is  no  less  satisfactory.  It  depends 
upon  the  fact  that  nerve-fibres  in  tlie  earliest  stages  of  their  development  consist  of  naked  axis 
cylinders,  and  are  not  provided  with  medullary  sheaths.  Further,  tlie  nerve-fibres  of  different 
strands  assume  the  medullary  sheaths  at  dift'erent  periods.    By  examining  the  footal  cord  at 


Fig.   321.  —  Transverse  Section 

THROnOH  THE  WhITE  MaTTER  OF 

THE  Cord,  as  seen  through  tlie 
microscope. 
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different  stages  of  its  development,  it  is  a  comparatively  easy  matter  to  locate  tlie  different  tracts 
of  fibres  hy  evidence  of  this  kind.  Speaking  Ijroadly,  the  tracts  which  myelinate  first  are  those 
wliicli  bring  the  cord  into  relation  with  the  perijiheral  parts  (skin,  mnscles,  etc.) ;  then  those 
fibres  which  bind  the  various  segments  of  the  cord  together ;  next,  those  whicli  connect  the  cord 
with  the  cerebellum  ;  and,  lastly,  tlie  tracts  M'hich  connect  the  cord  with  the  cerebrum.  The 
nervous  apparatus  for  the  performance  of  automatic  movements  is  fully  provided,  therefore,  before 
this  is  put  under  the  control  and  direction  of  the  higher  centres.  It  by  no  means  follows  that  in 
all  the  higher  animals  corresponding  strands  myelinate  at  relatively  corre.sponding  periods.  Take 
the  case  of  a  young  animal  whicli  from  the  time  of  its  birth  is  able  to  move  about  and  perform 
voluntary  movements  of  various  kinds  in  a  more  or  less  jjerfect  manner,  and  compare  it  with  the 
helpless  new-born  human  infant  which  is  only  cajiable  of  exliibiting  automatic  movements.  In 
the  former  the  pyramidal  tracts,  or  motor  tracts,  whicli  descend  from  the  cerebrum  into  the  cord, 
and  which  are  tlie  paths  along  which  the  mandates  t)f  the  will  travel,  myelinate  at  an  early  period  ; 
whilst  in  the  human  infant  the  corresponding  fibres  do  not  obtain  tlieir  medullary  sheaths  until 
after  birth.  The  study  of  the  dates,  therefore,  at  which  the  various  strands  of  nerve-fibres 
myelinate  not  only  gives  the  anatomist  a  means  of  locating  their  position  in  the  white  matter  of 
the  cord,  but  it  also  affords  the  physiologist  most  important  information  regarding  their  functions, 
and  also  the  periods  at  which  these  functions  are  called  into  play. 

Posterior  Column  of  the  Cord  and  the  Posterior  Roots  of  the  Spinal 
Nerves. — In  the  cervical  and  upper  dorsal  regions  of  the  cord  the  posterior  colunni 
is  divided  by  the  posterior  paramedian  septum  into  the  tract  of  Burdach,  which 
lies  externally  and  next  the  posterior  horn  of  gray  matter,  and  the  tract  of  Goll, 
which  lies  internally  and  next  the  postero-median  septum.  The  tract  of  Eurdach 
is  composed  of  nerve-fibres,  which  are  for  the  most  part  larger  than  those  entering 
into  the  formation  of  Goll's  tract,  and  both  tracts  have  a  most  intimate  relation 
to  the  posterior  nerve-roots ;  indeed,  they  are  both  almost  entirely  composed  of 
fibres  which  enter  the  cord  by  these  roots  and  then  piirsue  a  longitudinal 
course. 

The  nerve-fibres  which  form  the  posterior  nerve-roots,  on  entering  the  cord  along  the 
postero-lateral  groove,  divide  within  the  tract  of  Burdach  into  ascending  and  descending 
branches.  These  branches  diverge  abruptly  fi-om  each  other ;  and  the  former  take  an 
upward  course,  whilst  the  latter  proceed  downwards.  The  descending  fibres  are  as  a  rule 
short,  and  soon  turn  inwards,  to  end  in  the  gray  matter  of  the  cord.  The  ascending  fibres 
vary  greatly  in  length,  and  at  varying  distances  from  the  point  where  the  parent  fibres 
enter  the  cord  they  turn  inwards,  to  end  in  the  gray  matter.  A  small  contribution  of 
ascending  fibres,  however,  from  each  posterior  nerve-root,  extends  upwards  to  the  upj^er 
end  of  the  cord,  to  end  in  the  medulla  oblongata. 

As  each  posterior  nerve-root  enters,  its  fibres  range  themselves  in  the  outer  part  of 
the  tract  of  Burdach  close  up  against  the  posterior  horn  of  gray  matter.  The  nerve- 
fibres  of  the  nerve-root  next  above  take  the  same  position,  and  consequently  those  which 
entered  from  the  nerve  immediately  below  are  displaced  inwards,  and  come  to  lie  in  the 
tract  of  Burdach  nearer  to  the  mesial  plane.  This  process  goes  on  as  each  nerve-root 
enters,  and  the  result  is  that  the  fibres  of  the  lower  nerves  are  gradually  pushed  nearer 
and  nearer  to  the  postero-median  septum  in  a  successive  series  of  lamellar  tracts.  Of 
course  the  greater  proportion  of  the  fibres,  which  are  thus  carried  upwards  from  the 
posterior  nerve-roots,  sooner  or  later  leave  the  posterior  column  and  enter  the  gray 
matter,  to  end  there  in  relation  to  some  of  its  cells  ;  but,  as  we  have  said,  every  posterior 
nerve-root  sends  a  few  fibres  up  the  whole  length  of  that  portion  of  the  cord  which  lies 
above,  and  thus  the  posterior  column  gradually  increases  in  bulk  as  it  is  traced  upwards, 
and  in  the  upper  reaches  of  the  cord  a  tract  of  Goll  becomes  evident.  This  tract  of  Goll 
is  composed  of  the  long  ascending  fibres  of  the  posterior  nerve-roots,  which  have  entered 
the  lower  segments  of  the  cord.  To  put  the  matter  differently,  the  fibres  of  the  sacral 
roots  are  displaced  inwards  by  the  entering  lumbar  fibres,  while  the  fibres  of  the  lumbar 
roots  ai"e  in  their  turn  pushed  inwards  by  the  entering  dorsal  fibres,  and,  lastly,  the  fibres 
of  the  cervical  roots  displace  the  dorsal  fibres.  The  difference  between  the  tract  of  Goll 
and  the  tract  of  Burdach  simply  consists  in  this,  that  the  former  is  composed  of  the  fibres 
of  posterior  nerve-roots  which  have  entered  tlie  cord  at  a  lower  level  than  those  whicli 
enter  into  the  formation  of  the  column  of  Burdach.  The  fibres  of  Goll's  tract,  taking 
them  as  a  whole,  must  therefore  necessarily  run  a  very  much  longer  course. 

Our  knowledge  of  the  constitution  of  the  posterior  columns  of  the  cord  is  largely 
derived  from  studying  the  course  of  degeneration  in  monkeys,  in  which  the  cord  has 
been  cut  across — either  partially  or  completely.  It  would  appear,  from  the  examination 
of  the  human  cord  which  has  been  injured  or  compressed,  that  the  lamination  of  the 
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fibres  entering  from  the  series  of  posterior  nerve-roots  is  not  nearly  so  complete  as  in 
the  case  of  the  monkey. 

Numerous  collateral  fibrils  stream  into  the  gray  matter  of  the  posterior  horn  both 
from  the  ascending  and  descending  branches  of  the  entering  fibres  of  the  posterior  nerve- 
roots.  These  are  classified  into  long  and  short  collaterals.  The  long  collaterals  extend 
forward  into  the  anterior  horn  of  gray  matter  and  end  in  relation  to  the  ventral  nerve- 
cells.  The  short  collaterals  end  in  relation  to  the  nerve-cells  in  the  substantia  Eolandi, 
the  nerve-cells  of  Clarke's  column,  and  the  other  nerve-cells  of  the  posterior  horn  (Fig, 
320,  p.  426). 

Tract  of  Lissauer. — This  is  a  small  tract,  of  nerve -fibres  of  minute  calibre  which 
assume  their  medullary  sheaths  at  a  comparatively  late  period.  It  is  placed  at  the 
surface  of  the  cord  close  to  the  postero-lateral  furrow.  It  is  formed  by  some  of  the 
outer  fibres  of  the  posterior  nerve-roots,  which  do  not  enter  the  tract  of  Burdach,  and 
which  pass  upwards  in  the  cord  close  to  the  substantia  gelatinosa  Rolandi,  in  which  they 
ultimately  end. 

Association  Fibres  in  the  Posterior  Column. — But  the  whole  of  the  fibres  of  the 
posterior  column  are  not  derived  from  the  posterior  nerve-roots.  A  few  fibres  exist  in 
this  column  which  have  a  diff'erent  origin.  In  all  probability  they  are  derived  from  some 
of  the  cells  of  the  gray  matter  of  the  cord,  and  pass  upwards  or  downwards  in  the 
posterior  column  for  a  varying  distance  before  they  finally  turn  in  to  end  in  the  gray 
matter  at  a  higher  or  a  lower  level.  These  fibres,  therefore,  constitute  links  of  con- 
nexion between  different  cord  segments,  and  thus  they  are  termed  association  or  longi- 
tudinal commissural  fibres.  Our  information  regarding  these  fibi'es  at  present  is  some- 
what defective  ;  but  it  may  be  mentioned *that  it  is  probable  that  the  "comma"  tract  of 
Schultze,  in  the  deeper  part  of  the  posterior  column,  and  the  descending  septo-marginal 
tract  of  Bruce,  placed  nearer  the  surface,  belong  mainly  to  this  category. 

Lateral  Column  of  the  Cord. — -In  the  lateral  column  of  the  cord  the  v^^ell- 
established  tracts  are  : — 

1.  The  direct  cerebellar  tract. 

2.  The  tract  of  Cowers. 

3.  The  crossed  pyramidal  tract. 

The  remainder  of  the  column  goes  under  the  name  of  the  lateral  basis-bundle. 

The  direct  cerebellar  tract  (fasciculus  cerebello-spinalis)  is  a  band-like  strand 
vi^liich  lies  in  relation  to 
the  surface  of  the  cord 
immediately  in  front  of 
the  postero-lateral 
groove.  It  is  an  ascend- 
ing tract  and  is  com- 
posed for  the  most  part 
of  coarse  large  nerve - 
fibres,  which  are  de- 
rived from  the  nerve- 
cells  of  the  posterior 
vesicular  column 
(Clarke's  column)  in  the 
posterior  horn  of  gray 
matter.  It  is,  therefore, 
not  found  through  the 
whole  length  of  the  cord. 
It  first  appears  in  the 
lower  part  of  the  dorsal 
region ;  and  as  it  ascends 
it  gradually  increases  in 
size  as  it  is  joined  by 
the  axons  of  the  cells  of 
Clarke's  column,  which 
,  lie  at  higher  levels.  It  finally  enters  the  medulla  oblongata,  and  through  this 
proceeds  to  the  cerebellum,  in  which  it  ends. 

^  Gowers's  tract  (fasciculus  antero-lateralis  superficialis)  lies  in  front  of  the  direct 
28 


Fig.  322. — Diagrammatic  Representation  of  a  Transverse  Section 

THROUGH  the  SpINAL  CoED. 

The  iierve  tracts  in  the  white  matter  and  the  clusters  of  nerve-cells 
in  the  gray  matter  are  shown. 
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cerebellar  tract,  and,  like  it,  next  the  surface  of  the  lateral  column.  It  is  also  an 
ascending  tract,  and  it  likewise  (in  part  at  least)  ultimately  reaches  the  cerebellum, 
although  after  leaving  the  cord  it  takes  a  different  route  to  gain  its  destination. 
In  transverse  sections  of  the  cord  it  presents  a  comma-shaped  appearance,  the 
thick  part  abutting  against  the  direct  cerebellar  tract,  and  the  narrower  portion 
tapering  forwards  into  the  region  of  the  emerging  anterior  nerve-roots.  The  tract 
of  Gowers  begins  at  a  lower  level  in  the  cord  than  the  direct  cerebellar  tract 
and  it  increases  in  volume  as  it  is  traced  upwards.  The  fibres  of  this  tract  have 
probably  their  origin  in  the  cells  of  the  posterior  horn  of  gray  matter,  but  on  this 
point  there  is  at  present  no  precise  information. 

The  crossed  pyramidal  tract  (fasciculus  cerebro-spinalis  lateralis)  is  a  large  well- 
defined  descending  tract,  which  lies  immediately  in  front  of  the  posterior  horn  of 
gray  matter  and  subjacent  to  the  direct  cerebellar  tract,  which  shuts  it  out  from 
the  surface  of  the  cord.  Below  the  point  where  the  direct  cerebellar  tract  begins 
the  crossed  pyramidal  tract  becomes  superficial,  and  in  this  position  it  can  be 
traced  as  low  as  the  fourth  sacral  nerve,  at  which  level  it  ceases  to  exist  as  a 
distinct  strand.  The  crossed  pyramidal  tract  is  composed  of  an  admixture  of  both 
large  and  small  fibres.  These  arise  in  the  brain  from  the  large  pyramidal  cells 
of  the  motor  or  Eolandic  area  of  the  cerebral  cortex,  and  pass  downwards  through 
various  subdivisions  of  the  brain  to  gain  the  spinal  cord.  As  they  enter  the  cord 
they  cross  the  mesial  plane  from  one  side  to  the  other,  and  it  thus  happens  that 
the  crossed  pyramidal  tract  in  the  right  lateral  column  of  the  cord  has  its  origin 
in  the  cortex  of  the  left  cerebral  hemisphere,  and  vice  versa.  As  the  tract  descends 
in  the  cord  it  gradually  diminishes  in  size ;  and  this  is  due  to  the  fact  that,  as  it 
traverses  each  spinal  segment,  numerous  fibres  leave  it  to  enter  the  anterior  horn 
of  gray  matter,  and  end  in  connexion  with  the  ventral  motor  cells  from  which  the 
fibres  of  the  anterior  nerve-roots  arise.  The  entire  strand  is  ultimately  exhausted 
in  this  way.  Numerous  collateral  fibrils  spring  from  the  pyramidal  fibres,  and, 
entering  the  gray  matter,  end  in  a  similar  manner,  and  in  this  way  a  single  pyra- 
midal fibre  may  be  connected  with  several  spinal  segments  before  it  finally  ends. 
The  crossed  pyramidal  tract  must  be  regarded  as  a  great  motor  strand  which 
brings  the  spinal  motor  apparatus  under  the  control  of  the  will. 

Schafifer  believes  that  many  of  the  pyramidal  fibres  end  in  connexion  with  the  cells 
of  Clarke's  column. 

The  lateral  basis-bundle  (fasciculus  lateralis  proprius)  represents  the  remainder 
of  the  lateral  column.  Our  information  regarding  it  is  still  imperfect ;  but  it 
would  appear  that  its  fibres  are  largely  derived  from  the  cells  situated  in  all  parts 
of  the  gray  matter,  and  also  from  the  nerve-cells  of  the  opposite  side  of  the  cord. 
After  a  course  of  very  varying  length  in  the  basis-bundle,  these  fibres  turn  inwards 
and  re-enter  the  gray  matter.  Such  fibres  may  thus  be  regarded  as  inter-segmental 
association  fibres  binding  two  or  more  segments  of  the  cord  together. 

Anterior  Column  of  the  Cord. — One  well-defined  tract  is  situated  in  the 
anterior  column.  This  is  termed  the  direct  pyramidal  tract.  The  remainder  of 
the  column  receives  the  name  of  the  anterior  basis-bundle. 

The  direct  pyramidal  tract  (fasciculus  cerebro-spinalis  anterior)  is  usually  a 
nerve-strand  of  small  size  which  lies  next  the  antero-median  fissure.  As  a  rule, 
it  cannot  be  traced  lower  than  the  middle  of  the  dorsal  region  of  the  cord.  It  is 
a  descending  tract  and  must  be  associated  with  the  crossed  pyramidal  tract  of  the 
opposite  side,  seeing  that  both  of  these  strands  arise  from  the  motor  area  of  the 
cortex  of  the  same  cerebral  hemisphere.  From  this,  it  nuist  be  clear  that  the 
direct  pyramidal  tract  does  not  cross  the  mesial  plane  as  it  enters  the  cord,  but 
descends  on  the  side  of  the  cord  corresponding  to  the  cerebral  hemisphere  in 
which  it  ai'ises.  All  the  same  its  fibres  do  not  end  in  the  same  side  of  the 
cord,  but  at  every  step  along  the  path  of  the  strand  they  make  use  of  the  anterior 
commissure  and  cross  to  the  opposite  side  of  the  cord,  to  terminate  in  relation 
to  the  opposite  ventral  motor  cells  in  the  same  manner  as  the  crossed  pyramidal 
fibres. 


DEVELOPMENT  OF  THE  SPINAL  COED. 


435 


From  this  crossing  of  the  pyramidal  tracts,  it  results  that  the  destruction  of  the  fibres  which 
compose  them  as  they  descend  in  one  side  of  the  brain  must  result  in  paralysis  of  the  miLScles 
supplied  by  the  efferent  nerves  of  the  opposite  side  of  the  cord. 

It  is  well  to  note  that  the  fibres  of  both  pyramidal  tracts  are  not  meduUated  until  the  time  of 
birth.    They  are  the  latest  of  all  the  cord-tracts  to  myelinate. 

The  anterior  basis-bundle  (fasciculus  anterior  proprius),  like  the  lateral  basis- 
bundle,  is  composed  largely  of  fibres  which  arise  from  the  cells  of  the  gray  matter 
of  the  cord,  and  act  the  part  of  intersegmental  association  fibres. 

Summary  of  the  Constitution  of  the  White  Matter  of  the  Cord. — The 
white  columns  of  the  cord  are  formed  of  two"  kinds  of  nerve-fibres : — 

1.  Those  which  enter  the  cord  from  without. 

2.  Those  which  take  their  origin  from  the  cells  within  the  gray  matter  of  the 
cord  itself. 

Under  the  first  category  we  include  (a)  the  greater  part  of  the  fibres  of  the 
posterior  column  (columns  of  Burdach  and  Goll),  which  arise  from  the  cells  of  the 
spinal  ganglia,  and  which  enter  the  cord  as  the  posterior  nerve-roots ;  and  (b)  the 
crossed  and  direct  pyramidal  tracts  which  come  from  the  motor  cells  of  the  cerebral 
cortex. 

The  fibres  which  arise  within  the  gray  matter  of  the  cord  may  be  classified 
thus :  (a)  Fibres  which  pass  out  from  the  cord  as  efferent  nerves  (anterior  nerve- 
roots)  ;  (&)  fibres  which  form  long  tracts  and  pass  up  the  cord  to  enter  the  brain 
(direct  cerebellar  tract  and  the  tract  of  Gowers) ;  (c)  fibres  which  form  short  tracts, 
"linking  together  different  segments  of  the  cord  (intersegmental  association  fibres  in 
each  of  the  three  columns  of  the  cord). 

Anterior  White  Commissure. — The  anterior  commissure  is  composed  of 
niedullated  nerve-fibres  passing  from  one  side  of  the  cord  to  the  other  and  entering 
the  anterior  horn  of  gray  matter,  and  also  the  anterior  column.  It  is  to  be  regarded 
more  as  a  decussation  than  as  a  commissure,  and  its  width,  which  varies  somewhat 
in  different  regions,  fluctuates  in  correspondence  with  the  diameter  of  the  cord. 

Amongst  the  fibres  which  cross  in  the  anterior  commissure  may  be  mentioned  :  (1)  The  fibres 
of  the  direct  pyramidal  tract ;  (2)  collaterals  from  both  the  ventral  and  lateral  columns  ;  (3)  axons 
of  many  of  the  cells  of  the  gray  matter  ;  (4)  the  dendritic  processes  of  some  of  the  mesial  ventral 
cells. 

Posterior  Gray  Commissure. — Although  this  is  composed  of  gray  matter  with 
a  large  admixture  of  neuroglia,  numerous  transverse  nerve-fibres  pass  through  it,  so 
as  to  bind  the  cells  of  one  side  of  the  cord  to  those  of  the  other. 

Development  of  the  Spinal  Cord. 

In  the  chapter  upon  General  Embryology  it  has  been  pointed  out  (p.  19)  that  the 
brain  and  cord  first  take  shape  in  the  form  of  a  tube  of  ectoderm,  which  receives  the  name 
of  the  neural  tube.  Three  expansions,  placed  one  behind  the  other  at  the  cephalic  end  of 
the  tube,  represent  the  early  brain  ;  whilst  behind  these  primitive  cerebral  vesicles  comes 
the  elongated  narrower  part  of  the  tube,  which  at  this  stage  represents  the  spinal  cord. 
By  a  developmental  process,  which  we  now  have  to  study,  the  walls  of  this  portion  of  the 
neural  canal  give  rise  to  the  various  elements  which  build  up  the  substance  of  the  cord, 
whilst  a  portion  at  least  of  the  primitive  cavity  is  preserved  as  the  central  canal  of  the 
cord.  The  account  which  is  here  given  of  the  development  of  the  cord  is  taken  almost 
entirely  from  the  writings  of  Professor  His  of  Leipzig. 

When  first  formed,  the  neural  tube  is  compressed  from  side  to  side  and  presents  an  oval 
outline  in  transverse  section  (Fig.  14,  p.  20).  The  two  lateral  walls  are  very  thick,  whilst 
the  narrow  dorsal  and  ventral  portions  of  the  wall  are  thin,  and  are  termed  the  mid-dorsal 
and  mid-ventral  laminae.  The  cavity  of  the  tube  in  transverse  section  appears  as  a 
narrow  slit.  At  this  stage  the  wall  of  the  neural  tube  is  formed  of  a  series  of  elongated 
neuro-epithelial  columnar  cells,  closely  applied  to  each  other  and  extending  throughout  the 
whole  thickness  of  the  wall.  The  inner  ends  of  these  long  columnar  cells  unite  to  form  a 
delicate  membrane  termed  the  internal  limiting  membrane,  which  lines  the  lumen  of  the 
tube,  whilst  their  outer  ends  present  a  similar  relation  to  an  external  limiting  membrane, 
which  invests  the  outer  surface  of  the  tube.  The  name  of  spongioblasts  is  given  to  these 
cells,  and  they  soon  develop  in  such  a  manner  as  to  form  the  sustentacular  framework  of 
the  growing  cord.    Between  their  inner  parts,  immediately  subjacent  to  the  internal 
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SPONGIUM 


limiting  membrane,  a  series  of  clefts  or  open  spaces  are  formed,  in  which  appear  large 
numbers  of  round  cells  called  germinal  cells.    The  precise  origin  of  these  germinal  cells  is 

not  at  present  satisfactorily  estab- 
lished ;  but  they  rapidly  increase  in 
number,  and  in  the  human  embryo 
of  four  weeks  they  are  seen  to  form 
an  almost  continuous  layer  beneath 
the  internal  limiting  membrane.  It 
is  well  to  note,  however,  that  in  the 
thin  mid  -  dorsal  and  mid  -  ventral 
laminaj  no  germinal  cells  are  formed. 
Here  the  wall  remains  purely  spongio- 
blastic.  The  peripheral  portions  of 
the  spongioblasts  likewise  undergo 
a   marked    transformation.  They 
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give  off  branches  or  processes,  and 
by  the  interlacement  of  these  a 
sponge-like  network  with  irregular 
meshes  is  formed  in  the  outer  poi'- 
tion  of  the  wall  of  the  neural  tube. 
The  entire  sustentacular  fi'amework 
into  which  the  spongioblasts  are  de- 
veloped is  termed  the  myelosponge. 

The  numerous  germinal  cells  which 
are  placed  in  the  clefts  between  the 
inner  cohmmar  portion  of  the  myelo- 
sponge are  the  progenitors  of  the 
nerve  -  cells.  Many  of  them  show 
karyokinetic  stages,  and  by  their 
-Schema  ov  a  Transverse  Section  through  the  division  they  give  rise  to  the  neuro- 
Barly  Neural  Tube  (Young).  Ijl^S^g  j^gj.^g  _  ^^gUg  ^ 

The  left  side  of  the  section  shows  au  earlier  stage  than         neuroblast  presents  a  very  character- 
the  right  side.  j^^-^  pear-shaped  appearance.  From 

the  body  of  the  cell  a  tapering  process  grows  out,  and  this  represents  the  early  axis 
■  cylinder  process  or  axon  of  the  cell.  But  the  crowds  of  neuroblasts  which  are  thus  formed 
do  not  remain  in  their  early  primitive  position  beneath  the  internal  limiting  membrane. 
They  migrate  outwai'ds,  and  in  the  course  of  time  they  come  to  lie  in  the  part  of  the 
myelosponge  immediately  adjoining  the  reticular  meshwork,  which  is  formed  by  the  outer 
parts  of  the  spongioblasts.  Here  their  further  outward  migration  is  arrested.  The 
reticular  meshwork  would  almost  appear  to  act  as  a  sieve  or  a  filter,  which  prevents  their 
progress  towards  the  periphei'y  of  the  wall  of  the  tube.  It  offers  no  impediment  to  the 
actively  growing  axons  of  the  neuroblasts,  however,  which  freely  enter  it  and  thread  their 
way  through  it.  At  this  stage  the  thick  lateral  wall  of  the  neural  tube  presents  three 
layers,  viz.  : — 

1.  An  inner  layer,  formed  by  tlie  columnar  part  of  the  myelosponge  forsaken  by  the 
neuroblasts.  This  is  termed  the  ependymal  layer,  and  it  ultimately  resolves  itself  into 
the  layer  of  columnar  ciliated  epithelial  cells  which  lines  the  central  canal  of  the  cord. 

2.  An  intermediate  layer,  in  which  the  neui'oblasts  are  present,  and  which  is  afterwards 
converted  into  the  gray  matter  of  the  cord.    This  is  called  the  mantle  layer. 

3.  An  outer  layer,  formed  of  the  sponge-like  meshwork  of  the  outer  parts  of  the 
original  spongioblasts.  Into  this  the  axons  of  many  of  the  neuroblasts  are  seen  threading 
their  way.  This  layer  is  ultimately  transformed  into  the  white  matter  of  the  cord,  and  at 
this  stage  it  may  be  termed  the  peripheral  reticular  layer. 

Alar  and  Basal  Laminae  of  the  Lateral  Wall  of  the  Neural  Tube. — From 
what  has  been  said,  it  must  be  evident  that  the  changes  detailed  above  are  confined  to 
the  thick  lateral  walls  of  the  neural  tube.  In  these  alone  do  neuroblastic  cells  arise, 
whilst  the  thin  mid-dorsal  and  mid-ventral  laminte  remain  spongioblastic  throughout. 
But  whilst  these  changes  are  going  on  the  thick  lateral  wall  begins  to  bulge  outwards  in 
an  angular  fashion,  so  as  to  widen  the  central  cavity  of  the  tube  and  become  itself,  along 
the  line  where  the  cavity  is  widest,  demarcated  into  two  portions — a  narrow  dorsal  strip 
termed  the  alar  lamina  of  His,  and  a  broader  ventral  strip  called  the  basal  lamina  of  His. 
The  cavity  of  the  tube  now  appears  on  transverse  section  more  or  less  lozenge-shaped,  and 
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it  is  at  the  lateral  angles  of  the  lozenge  that  this  subdivision  of  the  lateral  wall  becomes 
evident. 

This  subdivision  is  a  fundamental  one,  being  present  in  the  brain-part  as  well  as  the 
cord-part  of  the  neural  tube.  By  it  the  thick  lateral  wall  is  resolved  into  two  longitudinal 
strips  (the  alar  and  basal  laminse),  which  extend  along  the  whole  length  of  the  tube,  and 
which  present  definite  and  precise  relations  with  the  entering  and  emerging  roots  of  the 
various  cranial  and  spinal  nerves.  Confining  our  attention  to  the  spinal  cord,  the 
posterior  nerve-root  is  seen  to  enter  the  alar  lamina,  whilst  the  anterior  nerve-root  takes 
origin  within  and  emerges  from  the  basal  lamina. 


MDL 


MVL 


AMF 


AM  F 


Fig.  324. — Three  Stages  in  the  Development  of  the  Spinal  Cord  (His), 


AC. 
AH. 

AL. 
AMF, 


Anterior  column. 
Anterior  horn  of  gray 

matter. 
Alar  lamina. 
Antero-median  fissure. 


AR.     Anterior  nerve-root. 


BC.     Column  of  Burdacli. 
BL.     Basal  lamina. 
E.  Ependyma. 
GC.     Column  of  Goll. 
LC.      Lateral  column. 
MDL.  Mid-dorsal  lamina. 


MVL.  Mid-ventral  lamina. 
PC.      Early  posterior  column. 
PH.     Posterior  l\prn  of  gray 
matter. 

PMF.  Postero-median  fissure. 
PR.      Posterior  nerve -root. 


Further  Development  of  the  Gray  and  White  Matter  of  the  Cord.— In  the 

ventral  pai't  of  the  basal  lamina  the  mantle  layer  thickens  into  a  mass,  which  is  readily 
recognised  as  the  rudiment  of  the  anterior  horn  of  gray  matter,  and  in  this  neuroblastic 
cells  congregate  in  much  larger  numbers  than  elsewhere.  Further,  these  neuroblastic 
cells  begin  to  arrange  themselves  into  groups,  and  the  axis  cylinder  processes  of  a  large 
proportion  of  them  converge  and  form  bundles  of  fibres,  which  penetrate  into  the  peri- 
pheral layer,  and  finally  pierce  the  external  limiting  membrane,  to  emerge  as  the  fascicles 
of  the  anterior  nerve-roots.  Behind  the  anterior  horn  the  mantle  layer  still  remains  very 
thin,  and  the  neuroblasts  are  few  in  number.  There  is,  therefore,  at  this  stage  no  appear- 
ance of  the  posterior  horn  of  gray  matter.  Many  of  the  axons  of  the  neuroblasts  which 
occupy  this  region  are  seen  curving  forwards,  and,  after  traversing  the  anterior  horn, 
they  find  their  way  across  the  middle  line  in  the  mid-ventral  lamina.  In  this  manner 
is  laid  down,  at  a  very  early  stage,  the  rudiment  of  the  anterior  white  commissure  of  the 
cord. 

The  white  matter  of  the  anterior  and  lateral  columns  is  gradually  established  by  axons 
from  various  neuroblasts  in  different  parts  of  the  mantle  layer,  entering  the  peripheral 
reticular  layer  and  taking  a  longitudinal  course  within  it.  The  anterior  horn  is  well 
coated  with  white  matter,  however,  before  the  lateral  column  takes  definite  shape.  , 

The  posterior  columns  of  white  matter  are  formed  in  a  totally  different  manner,  viz. 
by  the  introduction  into  the  cord  of  nerve-fibres  from  without.  The  fibres  of  the  posterior 
nerve-roots  coming  from  the  spinal  ganglia  strike  the  outer  surface  of  the  alar  lamina  of 
the  lateral  wall  of  the  neural  tube,  and,  piercing  the  external  limiting  membrane,  take  a 
longitudinal  course  in  the  peripheral  reticular  layer.  On  cross  section  these  fibres  first 
appear  as  an  oval  bundle,  which  lies  in  the  outer  part  of  the  alar  lamina  (Fig.  324,  pc). 
This  bundle  is  the  rudiment  of  Burdach's  column,  and  at  first  it  has  a  somewhat  loose 
connexion  with  the  cord ;  but  as  the  posterior  horn  of  gray  matter  gradually  takes 
shape,  the  bundle  in  question  increases  in  volume,  and,  changing  its  position,  comes  to  lie 
on  the  inner  aspect  of  the  posterior  horn.    The  column  of  Goll  gradually  assumes  form 
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between  the  tract  of  Burdach  and  the  postero-median  septum.  Later  on  the  lateral  and 
anterior  columns  are  increased  in  bulk  by  the  descent  into  them  of  the  pyramidal  tracts 
from  the  brain. 

The  gray  matter,  in  the  first-  instance,  is  chiefly  massed  in  the  basal  lamina ;  but  as 
the  posterior  columns  of  white  matter  begin  to  take  shape  it  extends  backward,  and  in 
the  course  of  time  the  posterior  horns  are  developed. 

The  manner  in  which  the  dendritic  processes  of  the  neuroblasts  are  developed  has 
been  sufficiently  described  (p.  417).  The  ensheathment,  also,  of  the  axons  by  medulla 
has  been  referred  to,  and  the  fact  that  the  different  tracts  of  fibres  receive  their  medvil- 
lary  sheaths  at  different  periods  mentioned.  It  is  now  only  necessary  to  state  that  the 
order  of  myelinisation  of  the  several  tracts  is  as  follows  : — (1)  Fibres  of  the  anterior  nerve- 
roots  ;  (2)  tract  of  Burdach ;  (3)  fibres  in  the  basis-bi;ndles ;  (4)  tract  of  Goll ;  (5)  direct 
cerebellar  tract ;  (6)  tract  of  Gowers  ■  (7)  pyramidal  tracts  (Kahler). 

Development  of  the  Median  Fissures  and  of  the  Central  Canal. — As  the 
anterior  horns  of  gray  matter  covered  by  the  anterior  columns  of  white  matter  increase  in 
size,  the  anterior  surface  of  the  cord  on  either  side  of  the  mesial  plane  bulges  forwards,  and 
the  antero-median  fissure  is  pi'oduced  as  the  natural  result. 

The  manner  in  which  the  postero-median  fissure  comes  into  existence  is  not  fully 
understood,  but  the  majority  of  embryologists  believe  that  it  is  produced  by  the  approxi- 
mation and  fusion  of  the  walls  of  the  posterior  part  of  the  primitive  cavity  of  the  neural 
tube.    The  postero-median  septum  would  thus  appear  to  be  formed  of  spongioblastic  tissue. 

If  the  above  view  of  the  formation  of  the  postero-median  fissure  be  correct,  it  must  be 
evident  that  the  central  canal  of  the  cord  does  not  represent  the  whole  of  the  primitive 
cavity  of  the  early  neural  tube,  but  only  the  anterior  portion  of  it. 

Among  those  observers  who  do  not  hold  that  the  central  canal  and  posterior  fissiu'e  have  this 
mode  of  origin  the  most  prominent  is  Professor  A.  W.  Robinson,  of  King's  College ;  and  he  has 
brought  forward  evidence  which  seems  to  indicate  that  it  is  doubtful  if  the  fusion  of  the  walls 
of  the  posterior  part  of  the  canal,  referred  to  above,  takes  place.  Certainly  the  arrangement  of 
the  ependymal  elements  of  the  postero-median  septum,  as  seen  in  the  jireparations  of  Cajal 
and  v.  Lenhossek,  are  extremely  difficult  to  understand  on  the  fusion  theory.  They  run  in  the 
antero-posterior  direction,  whereas,  if  fusion  has  taken  place,  most  of  them  would  present  a 
transverse  arraifgeraent,  and  thus  lie  at  right  angles  to  the  postero-median  septum. 


THE  BRAIN  OR  ENCEPHALON. 

The  brain  is  the  enlarged  and  greatly  modified  upper  part  of  the  cerebrospinal 
nervous  axis.  It  is  surrounded  by  the  same  membranes  that  envelop  the  spinal 
cord  (viz.  the  dura  mater,  the  arachnoid  mater,  and  the  pia  mater),  and  it  almost 
completely  fills  up  the  cavity  of  the  cranium.  So  closely,  indeed,  is  the  skull 
capsule  moulded  upon  the  brain  that  the  impress  of  the  latter  is  almost  everywhere 
evident  upon  the  deep  surface  of  the  cranial  wall.  The  relations,  therefore,  of 
cranium  to  brain  are  totally  different  from  those  presented  by  the  vertebral  canal 
to  the  spinal  cord.  As  we  have  noted,  the  cord  occupies  only  a  part  of  its  bony 
case ;  and  there  is  not  only  a  wide  and  roomy  space  between  the  arachnoid  mater 
and  pia  mater,  but  also  an  interval  of  some  width  between  the  dura  mater  and  the 
walls  of  the  vertebral  canal. 

General  Appearance  of  the  Brain. — When  viewed  from  above  the  brain 
presents  an  ovoid  figure,  the  broad  end  of  which  is  directed  backwards.  Its 
greatest  transverse  diameter  is  usually  found  in  the  neighbourhood  of  that  part 
which  lies  between  the  two  parietal  eminences  of  the  cranium.  The  only  parts 
which  are  visible  when  the  brain  is  inspected  from  this  point  of  view  are  the  two 
convoluted  cerebral  hemispheres.  These  present  an  extensive  convex  surface,  which 
is  closely  applied  to  the  deep  aspect  of  the  cranial  vault,  and  are  separated  from 
each  other  by  a  deep  median  cleft,  termed  the  great  longitudinal  fissure,  which 
extends  from  the  front  to  the  back  of  the  brain. 

The  inferior  aspect  of  the  brain  is  usually  termed  the  "  base."  It  presents  an 
uneven  and  irregular  surface,  which  is  more  or  less  accurately  adapted  to  the 
mequalities  on  the  floor  of  the  cranium.  Upon  this  aspect  of  the  brain  some  of 
its  main  subdivisions  may  be  recognised.  Thus  behind  is  seen  the  short  cylindrical 
portion,  called  the  bulb  or  medulla  oblongata,  through  which,  at  the  foramen  magnum, 
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the  brain  becomes  continuous  with  the  spinal  cord.  The  bulb  lies  on  the  ventral 
aspect  of  the  cerebellum,  and  occupies  the  vallecula  or  hollow  which  intervenes 
between  the  two  cerebellar  hemispheres.  The  cerebellum  is  a  mass  of  considerable 
size  which  is  placed  below  the  hinder  portions  of  the  two  cerebral  hemispheres.  It 
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Fig.  325. — The  Base  of  the  Brain  (A.  M.  Paterson). 

The  under  part  of  the  left  temporal  and  occipital  lobes  has  been  sliced  off  so  as  to  open  into  the  lateral 
ventricle.    The  left  hemisphere  of  the  cerebellum  has  also  been  removed. 

is  easily  recognised  on  account  of  the  closely-set,  curved,  and  parallel  fissures  which 
traverse  its  surface.  Above  the  medulla,  and  in  close  connexion  with  it,  is  a 
prominent  white  elevation  called  the  pons  Varolii.  Immediately  in  front  of  the 
pons  there  is  a  deep  hollow  or  recess.  This  is  bounded  behind  by  the  pons  Varolii, 
on  either  side  by  the  projecting  temporal  lobe  of  the  cerebral  hemisphere,  and  in 
front  by  the  orbital  portions  of  the  frontal  lobes  of  the  cerebral  hemispheres. 
Passing  out  from  either  side  of  the  fore-part  of  this  recess  is  the  deep  Sylvian 
fissure  which  intervenes  between  the  pointed  and  projecting  extremity  of  the 
temporal  lobe  and  the  frontal  lobe  of  the  cerebrum,  whilst  in  the  middle  line  in 
front  the  great  longitudinal  fissure,  which  separates  the  frontal  portions  of  the 
cerebral  hemispheres,  opens  into  it. 

Within  the  limits  of  this  deep  hollow,  in  the  base  of  the  brain,  two  large  rope- 
like strands,  the  crura  cerebri,  may  be  seen  issuing  from  the  upper  aspect  of  the 
pons  Varolii.  Placed  close  together  as  they  emerge  from  the  pons,  these  crura 
diverge  as  they  proceed  upwards  and  forwards,  and  finally  each  disappears  by 
plunging  into  the  corresponding  side  of  the  cerebrum.  Turning  round  the  outer 
side  of  each  crus,  where  it  enters  the  cerebrum,  a  flattened  band  termed  the  optic 
tract  may  be  observed.     These  bands  converge  in  the  fore-part  of  -the  hollow,  and 
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are  finally  joined  togetlier  by  a  short  commissural  portion,  termed  the  optic  chiasma. 
The  optic  nerve  is  continued  forwards  and  outwards,  on  either  side,  from  the  chiasma 
and  tract. 

The  crura  cerebri,  the  optic  tract,  and  the  optic  chiasma  enclose  a  deep 
rhomboidal  or  lozenge-shaped  interval  on  the  base  of  the  brain,  which  is  termed 
the  interpeduncular  space.  Within  the  limits  of  this  area  the  following  parts  may 
be  seen  as  we  pass  from  behind  forwards :  (1)  the  locus  perforatus  posticus ;  (2)  the 
corpora  manmiillaria ;  (3)  the  tuber  cinereum  and  the  stalk  of  the  pituitary  body. 

At  its  posterior  angle,  immediately  in  front  of  the  pons  Varolii,  the  inter- 
peduncular space  is  very  deep  and  is  floored  by  a  layer  of  gray  matter,  which  is 
perforated  by  numerous  small  apertures.  This  is  the  locus  perforatus  posticus. 
Through  the  apertures  which  are  dotted  over  its  surface  the  small  postero-mesial 
basal  branches  of  the  posterior  cerebral  artery  enter  the  brain. 

The  corpora  mammillaria  are  two  small  white  pea-like  eminences  placed  side  by 
side  in  front  of  the  locus  perforatus  posticus. 

The  tuber  cinereum  is  a  slightly  raised  field  of  gray  matter,  which  occupies  the 
interval  between  the  anterior  portions  of  the  optic  tracts  in  front  of  the  corpora 
mammillaria.  Springing  from  the  fore-part  of  the  tuber  cinereum,  immediately 
behind  the  optic  chiasma,  is  the  infundibulum,  or  the  stalk  which  connects  the 
pituitary  body  with  the  base  of  the  brain. 

Outside  the  limits  of  the  fore-part  of  the  interpeduncular  space  there  is  on 
either  side  a  small  depressed  triangular  field  of  gray  matter,  which  leads  outwards 
into  the  Sylvian  fissure.  It  is  perforated  by  the  antero-mesial  and  the  antero- 
lateral groups  of  basal  arteries,  and  receives  the  name  of  the  locus  perforatus 
anticus. 

General  Connexions  of  the  Several  Parts  of  the  Brain.  —  The  medulla 
oblongata,  the  pons  Varolii,  and  the  cerebellum  occupy  the  posterior  cranial  fossa, 

and  they  are  separated  from  the 
cerebral  hemispheres  which  lie 
above  them  by  a  partition  of  dura 
mater,  termed  the  tentorium  cere- 
belli.  Further,  they  surround  a 
cavity,  a  portion  of  the  primitive 
cavity  of  the  early  nei;ral  tube, 
which  is  termed  the  fourth  ventricle 
of  the  Ijrain,  and  they  all  stand  in 
intimate  connexion  with  each  other. 
The  medulla  is  for  the  most  part 
carried  upwards  into  the  pons 
Varolii ;  but  at  the  same  time  two 
large  strands  from  its  dorsal  aspect, 
termed  the  restiform  bodies,  are 
prolonged  into  the  cerebellum,  and 
constitute  its  inferior  peduncles,  or 
the  chief  bonds  of  union  between 
the  medulla  and  the  cerebellum. 

-ScHEMA,^^.owi„g  the^coimexions  of  the  several     ^j^^  ^^^^  y^^^^j. •  j^^^  j^^^^  numbers 

of  transverse  fibres  entering  into 
its  composition,  and  the  great  majority  of  these  are  gathered  together  on  either 
side  in  the  form  of  a  large  rope-like  strand.  This  plunges  into  the  corresponding 
hemisphere  of  the  cerebellum,  and  constitutes  its  middle  peduncle. 

The  cerebrum,  which  forms  the  great  mass  of  the  brain,  occupies  the  anterior 
and  middle  cranial  fossfe,  and  extends  backwards  into  the  occipital  region  above  the 
tentorium  and  the  cerebellum.  The  greater  part  of  the  cerebrum  is  formed  by  the 
cerebral  hemisplieres,  which  are  separated  from  each  other  in  the  mesial  plane  by 
the  great  longitudinal  fissure.  At  the  bottom  of  this  fissure. is  the  corpus  callosum, 
a  broad  commissural  band  which  connects  the  two  hemispheres  with  each  other. 
Each  liemisphere  is  hollow,  the  cavity  in  its  interior  being  termed  the  lateral 
ventricle  of  the  brain.    Between  and  below  the  cerebral  hemispheres,  and  almost 
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completely  concealed  by  them,  is  the  inter-brain  or  diencephalon.  The  principal 
parts  forming  this  portion  of  the  brain  are  two  large  masses  of  gray  matter,  termed 
the  optic  thalami.  Between  these  is  the  third  ventricle  of  the  brain — a  deep  narrow 
cavity  occupying  the  mesial  plane.  The  third  ventricle  comnnmicates  with  the 
lateral  ventricles  by  two  small  apertures,  called  the.  foramina  of  Monro. 

The  cerebrum  is  connected  with  the  parts  in  the  posterior  cranial  fossa  (pons 
Varolii,  cerebellum,  and  bulb)  by  a  narrow  stalk  called  the  mid -brain,  or 
mesencephalon.  The  mid-brain  is  built  up  of  the  crura  cerebri,  passing  from  the 
pons  Varolii  to  the  cerebrum ;  the  corpora,  quadrigemina,  forming  its  dorsal  part ; 
the  superior  cerebellar  peduncles,  proceeding  from  the  cerebellum  to  the  cerebrum, 
etc.  It  is  tunnelled  by  a  narrow  passage,  the  aqueduct  of  Sylvius,  which  extends 
between  the  fourth  and  third  ventricles. 

General  Outline  of  the  Development  of  the  Brain. 

The  brain  is  developed  from  the  expanded  anterior  portion  of  the  primitive 
neural  tube.    In  the  section  dealing  with  the  general  principles  of  Embryology  it 


Fig.  327. — Two  Stages  in  the  Development  op  the  .  Human  Brain  (after  His). 
A.  Brain  of  an  embryo  of  tlie  third  week.    B.  Brain  of  an  embryo  of  five  weeks. 


has  been  pointed  out  that  this  is  marked  off  by  two  constrictions  into  three 
primitive  cerebral  vesicles,  which  are  termed  respectively  the  hind-brain  or  rhomb- 
encephalon, the  mid-brain  or  mesencephalon,  and  the  fore-brain  or  prosencephalon. 

Hind-brain  or  Rhombencephalon. — The  hind-brain  is  the  largest  of  the  three 
primary  expansions  of  the  neural  tube :  indeed,  it  may  be  said  that  in  the  earlier 
stages  of  brain  development  it  is  larger  than  both  of  the  other  primary  subdivisions 
taken  together.  The  portion  immediately  adjoining  the  mid-brain  is  constricted, 
and  is  termed  the  isthmus  rhombencephali.  This  is  a  very  small  part,  forming  the 
extreme  upper  end  of  the  vesicle,  and  from  its  walls  are  developed  the  superior 
cerebellar  peduncles  and  a  thin  lamina,  which  is  stretched  across  the  middle  line 
between  them,  called  the  valve  of  Vieussens  or  the  superior  medullary  velum. 
Immediately  behind  the  isthmus  the  hind-brain  expands  suddenly,  and  then  slowly 
and  gradually  tapers  as  it  passes  downwards  towards  the  spinal  cord  part  of  the 
neural  tube.  Its  junction  with  the  latter  is  very  early  indicated  by  a  sharp  bend 
in  the  tube,  which  is  termed  the  cervical  flexure.  The  large  portion  of  hind-brain 
which  extends  from  the  isthmus  to  the  cervical  flexure  is  usually  considered  as 
being  composed  of  two  parts,  viz.  an  upper  portion,  termed  the  metencephalon,  and 
an  inferior  portion,  called  the  myelencephalon. 

From  the  metencephalon  are  derived  the  cerebellum  and  pons  Varolii.  The 
cerebellum  arises  by  a  thickening  of  the  dorsal  wall  of  this  portion  of  the  vesicle, 
whilst  the  pons  is  derived  from  a  thickening  of  the  lateral  and  ventral  walls.  The 
myelencephalon  gives  origin  to  the  bulb  or  medulla  oblongata.  This  is  chiefly 
formed  by  a  thickening  of  the  lateral  walls  of  this  part  of  the  vesicle.    These  fall 
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away  from  each  other  in  an  outward  direction,  and  thus  the  ventral  angle  between 
them  becomes  greatly  opened  up.  The  growth  which  leads  to  the  formation  of  the 
bulb  appears,  therefore,  to  take  place  chiefly  on  the  ventral  aspect  of  the  vesicle. 
The  dorsal  wall  remains  thin  and  epithelial,  and  undergoes  little  or  no  development 
into  nervous  elements. 

The  cavity  of  the  original  hind-brain  is  retained  in  the  adult  l»rain  as  the  fourth 
ventricle ;  and  from  what  has  been  said  regarding  the  development  of  tlie  different 
portions  of  the  wall  of  the  primitive  hind-brain,  it  will  be  seen  that  in  its  lower  or 
medullary  part  its  dorsal  wall  or  roof,  to  a  large  extent,  remains  epithelial. 

The  parts  of  the  adult  brain  which  are  derived  from  the  rhombencephalon  or 
hind-lnain  are  those  which  lie  below  the  tentorium  cerebelli  in  the  posterior  cranial 
fossa  of  the  skull. 

Mesencephalon  or  Mid-brain. — The  mid-brain  takes  a  much  more  prominent 
part  in  the  formation  of  the  early  primitive  brain  than  it  does  in  the  construction 
of  the  adult  brain.  It  forms  a  very  small  part  of  the  adult  brain,  and  constitutes  a 
stalk  of  connexion  between  the  parts  which  are  developed  from  the  walls  of  the 
rhombencephalon  and  those  which  are  developed  from  the  walls  of  the  prosence- 
phalon or  fore-brain.  The  entire  wall  of  the  mid-brain  is  transformed  into  nervous 
tissue.  Thus,  by  the  special  development  of  the  dorsal  section  of  the  wall,  the 
corpora  quadrigemina  are  formed.  The  lateral  and  ventral  sections  of  the  wall 
undergo  a  still  more  marked  degree  of  growth-thickening,  and  the  result  is  the 
formation  of  the  two  crura  cerebri.  The  cavity  of  the  mid-brain  is  retained  as  the 
narrow  passage  termed  the  aqueduct  of  Sylvius,  which  connects  the  third  ventricle 
of  the  brain  with  the  fourth  ventricle. 

Prosencephalon  or  Fore-brain. — In  its  early  condition  one  of  the  leading 
peculiarities  of  the  fore-brain  is  its  great  width.    It  extends  outwards  on  either 

side  for  a  considerable  dis- 
tance beyond  the  lateral 
walls  of  the  mid  -  brain. 
These  lateral  expansions  of 
the  fore-brain  are  the  optic 
vesicles,  and  at  this  stage 
they  are  in  no  way  con- 
stricted off  from  the  cen- 
tral part  of  the  cavity. 
Soon,  however,  the  central 
portion  of  the  fore -brain 
begins  to  expand  upwards 
and  forwards,  whilst  the 
terminal  portions  of  the 
optic  ■  vesicles  likewise 
undergo  enlargement ;  and  the  result  is,  that  the  originally  single  chamber  shows 
subdivision  into  three  parts,  viz.  a  central  portion  or  fore-brain  proper,  and  two 
expanded  optic  vesicles,  which  are  joined  to  the  lower  parts  of  the  lateral 
aspects  of  the  fore-brain  proper  by  two  short  constricted  tubular  passages  termed 
the  optic  stalks. 

The  optic  vesicle  and  the  optic  stalk  become  ultimately  transformed  into  the 
retina  of  the  eye-ball  and  the  optic  nerve.  The  series  of  changes  which  lead  to  this 
result  are  detailed  in  the  section  dealing  with  the  anatomy  of  the  organ  of  vision. 

The  fore-brain  undergoes  a  series  of  remarkable  developmental  changes,  the 
most  striking  of  which  is  the  formation  of  the  cerebral  hemispheres.  The  terminal 
or  fore-portion  of  the  fore-brain,  in  the  first  instance,  expands  in  a  forward  and 
downward  direction,  and  from  the  upper  and  lateral  aspects  of  the  new  portion  of 
the  vesicle  thus  formed  the  cerebral  hemispheres  bulge  outwards  in  the  form  of 
two  hollow  pouches.  The  hinder  original  part  of  the  fore-brain  is  termed  the 
thalmamencephalon  or  diencephalon,  whilst  the  anterior  part  with  the  cerebral 
liemispheres,  whicli  protrude  out  from  it,  receives  the  name  of  telencephalon. 

The  side  walls  of  the  diencephalon  become  thickened  into  the  two  lai'ge  masses 
of  gray  matter  termed  the  optic  thalami ;  the  Hoor  or  ventral  wall  develops  into 


OPTIC  VESICLE 


OPTIC  VES, 
OPTIC  STALK 


Fig.  .328. — Two  Cross  Sections  through  the  Fore-Br.\in. 

Through  the  fore-brain  of  the  early  human  embryo.  B.  Through 
the  fore-brain  and  optic  vesicles  of  a  Lepidosteus  embryo  of  eight 
days  (after  Balfour  and  Parker,  modified). 
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those  structures  which  occupy  the  interpeduncular  space  in  the  base  of  the  brain 
(viz.  the  posterior  perforated  spot,  the  corpora  mammillaria,  and  the  tubercinereum) ; 
whilst  the  roof  or  dorsal 
wall  remains  thin  and 
epithelial,  and  undergoes 
no  nervous  development. 

The  hollow  cerebral 
hemispheres  soon  outstrip 
all  the  other  parts  of  the 
brain  in  their  development. 
They  expand  not  only  in 
an  upward  and  forward 
direction,  but  chiefly  in  a 
backward  direction ;  and 
by  their  excessive  growth 
backwards  they  gradually 
come  to  overlie  the  dien- 
cephalon,  the  mesenceph- 
alon, and  at  last  the  parts 
derived  from  the  rhomb- 
encephalon. It  thus  comes 
about  that,  when  the  adult 
brain  is  viewed  from  above 
nothing  but  the  cerebral 
hemispheres  are  visible — all 
the  other  parts  of  the  brain 
lie  under  cover  of  them. 

At  first  the  cavity  of 
each  cerebral  hemisphere 
is  connected  with  the  cavity 
of  the  front  portion  of  the 
fore-brain  by  an  exceedingly 
short  but  relatively  wide 
passage.  This  is  the  early 
condition  of  the  foramen  of 
Monro.  The  fore-part  of  the 
fore-brain  is  now  seen  to  be 
bounded  in  front  between 
the  two  hollow  cerebral 
hemisphere -pouches  by  a 
narrow  thin  strip,  which  represents  the  extreme  anterior  wall  of  the  iieural  tube, 
and  consequently  it  receives  the  name  of  lamina  terminalis.  The  cavity  of  the 
fore-brain  not  only  in  its  hinder  diencephalic  part,  but  also  in  its  anterior  part  {i.e. 
the  part  from  which  the  cerebral  hemispheres  bud  out),  persists  as  the  third 
ventricle  of  the  brain,  whilst  the  cavities  of  the  primitive  cerebral  hemispheres 
are  represented  in  the  adult  by  the  lateral  ventricles  of  the  brain.  The  foramina 
of  Monro,  relatively  much  reduced  in  size,  are  preserved  as  narrow  throats  of 
communication  between  the  lateral  ventricles  and  the  third  ventricle.  The 
olfactory  lobes  are  formed  as  hollow  outgrowths  from  the  cerebral  hemispheres. 

Flexures  of  the  Brain-tube. — At  a  very  early  period,  and  while  the  changes 
detailed  above  are  being  carried  on,  the  cerebral  portion  of  the  neural  tube  becomes 
sharply  bent  upon  itself  at  certain  points.  The  first  flexure  which  occurs  is  the 
primary  cephalic  flexure.  It  occurs  in  the  region  of  the  mesencephalon,  and  involves 
the  entire  head.  The  fore-brain  becomes  bent  in  a  ventral  direction  round  the 
fore-end  of  the  notochord  and  the  fore-gut,  until  the  long  axis  of  the  fore-brain 
forms  an  acute  angle  with  the  long  axis  of  the  hind-brain  and  the  ventral  wall 
of  the  one  comes  to  lie  nearly  parallel  with  the  corresponding  wall  of  the  other. 
Through  this  curvature  the  mid-brain  is  considerably  modified  in  form,  and  for  a 
time  it  comes  to  occupy  the  most  prominent  and  foremost  part  of  the  embryonic  head. 


Fig.  329. — The  Brain  of  a  Human  Embryo  in  the  Fifth  Week 
(from  His). 

A,  Brain  as  seeu  iu  profile.    B,  Mesial  section  through  the  .same  brain. 

/I,  Mammillary  eminence  ;  Tc,  Tuber  cinereum  ;  Hp,  Hypophysis 
(pituitary  diverticulum  from  buccal  cavity)  ;  Opt,  Optic  stalk  ; 
TH,  Optic  thalamus  ;  Tg,  Tegmental  part  of  mesencephalon  ;  Ps, 
Pars  subthalamica  ;  Cs,  Corpus  striatum  ;  FM,  Foramen  of  Blonro  ; 
L,  Lamina  terminalis  ;  RO,  Recessus  opticus  ;  Ri,  Recessus  infun- 
dibuli. 
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CEPHALIC 
FLEXURE 


Fig.  330.— Profile  View  of  the  Brain  of  a  Human 
Embryo  of  Ten  Weeks  (His). 

The  various  cranial  nerves  are  indicated  by  numerals. 

A,  Cerebral  diverticulum  of  pituitary  body.    B,  Buccal 
diverticulum  of  pituitary  body. 


The  primary  cephalic  flexure  is  soon  followed  by  the  cervical  flexure.  This 

occurs  at  tlie  j  miction  of  the  hind- 
brain  with  the  spinal  cord.  Here 
the  entire  head  is  bent  in  a  ventral 
direction,  and  at  the  end  of  the  fifth 
week  the  flexure  is  so  pronounced 
that  the  cerebral  and  spinal  cord 
portions  of  the  neural  tube  meet  each 
other  at  a  right  angle.  In  the  later 
stages  of  development  the  cervical 
flexure  becomes  obliterated  by  the  ele- 
vation of  the  head  and  the  straighten- 
ing of  the  neck  of  the  embryo. 

The  third  bend  takes  place  in  the 
region  of  the  future  pons  Varolii 
(metencephalon),  and  is  consequently 
termed  the  pontine  flexure.  It  differs 
from  the  other  flexures  in  being 
confined  to  the  brain  tube  and  in 
not  in  any  way  involving  the  entire 
head.  Further,  the  bend  is  much 
more  marked  in  the  thick  ventral 
wall  than  in  the  thin  dorsal  wall  of 
the  tube.  The  neural  tube  is 
doubled  forwards  on  itself  and 
the  pons  Varolii  becomes  developed 
in  connexion  with  the  summit  of  the 
curvature.  In  the  further  growth  of 
the  brain  the  pontine  flexure  becomes  almost  completely  obliterated. 

By  reason  of  these  curvatures  the  early  brain  assumes  a  sinuous,  zigzag  or 
S- shaped  outline 
when  viewed  from 
the  side,  and  the 
relationship  of  its 
various  parts  be- 
comes materially 
altered.  The 
essential  factor 
at  work  in  the 
production  of  the 
brain  flexures  is 
clearly  the  very 
unequal  growth 
which  takes  place 
in  different  parts 
of  the  cerebral 
wall. 

The  Basal  and 
Alar  Laminae  of 
His. — It  has  been 

r)ointed  out  that  — Diagrams  to  illustrate  the  Alar  and  Basal  Lamina.    Iu  botli 

f  ^       J      '  cases  the  embryonic  brain  is  represented  in  mesial  section — (His). 

,     f  ,1         •     1  A.  Tlie  different  subdivisions  of  the  brain  are  marked  off  from  each  other  by  dotted 

ment  OI  tne  Spmal  li^es,  and  the  dotted  line  running  in  the  long  axis  of  the  neural  tube  indicates  the 

cord,  each  of  the  separation  of  the  alar  from  the  basal  lamina  of  the  lateral  wall. 

thick  lateral  walls  B.  Mesial  section  tlirougli  the  brain  of  a  human  embryo  at  the  end  of  the  first 

of  the  neural  tube  moutti-     Dotted  Hues  mark  off  the  different  regions  and  also  the  alar  and  basal 

1     1         •    ,  lamiutB  from  each  other. 

IS  marked  on  mto 

T    ,    1             1  H,  Buccal  "part  of  pituitary  body  ;  RL,  Olfactory  lobe  ;  C.Str,  Corpus  striatum  ; 

a    aorsal    or   aiar  Entrance  to  optic  stalk  ;  0,  Optic  recess  ;  I,  Infundibular  recess  ;  T,  Tuber 

and  a  ventral  or  cinereum  ;  M,  Mammillary  eminence. 
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basal  lamina.  This  subdivision  is  also  noticeable  in  the  cerebral  part  of  the  neural 
tube,  and  the  furrow  on  the  inner  aspect  of  the  lateral  wall,  which  indicates  this 
subdivision,  can  be  traced  even  in  the  adult  brain  throughout  the  greater  part  of 
its  length. 

In  the  spinal  cord  the  motor  cells  are  gathered  in  the  basal  lamina  in  one  long 
continuous  column.  In  the  brain  the  corresponding  cells  from  which  the  efferent 
fibres  of  the  cranial  nerves  are  given  off  are  also  placed  within  the  basal  lamina, 
but  they  are  arranged  differeiitly.  They  ng  longer  form  a  continuous  column,  but 
are  collected  together  in  disconnected  clusters  termed  the  motor  nuclei,  and  they 
do  not  extend  higher  up  than  the  mid-brain.  No  motor  nuclei  occur  in  the  basal 
lamina  of  the  fore-brain.  Indeed,  the  importance  of  the  basal  lamina  diminishes 
as  we  pass  from  the  lower  to  the  higher  parts  of  the  brain. 

In  the  rhombic  or  hind-brain  the  greater  part  of  the  medulla  oblongata  and  of 
the  pons  Varolii  is  formed  from  the  basal  laminae,  whilst  the  cerebellum,  with  its 
superior  and  inferior  cerebellar  peduncles,  is  derived  from  the  alar  laminae.  In 
the  mid-brain  the  crura  cerebri  are  the  derivatives  of  the  basal  laminae,  whilst  the 
corpora  quadrigemina  are  developed  from  the  alar  laniinfe.  In  the  fore-brain  the 
subthalamic  region  and  the  optic  vesicles  are  products  of  the  growth  of  the  basal 
laminae,  whilst  the  optic  thalami  and  cerebral  hemispheres  spring  from  the  alar 
laminae. 

The  fact  that  the  cerebellum  and  the  cerebral  hemispheres  owe  their  origin 
to  the  alar  laminae  is  sufficient  to  show  the  predominant  part  which  these  laminae 
play  in  brain  development,  and  the  higher  we  ascend  in  the  animal  scale  the  more 
pronounced  does  this  predominance  become. 

The  following  table  gives  a  summary  of  the  various  developmental  processes 
which  have  been  described  in  the  foregoing  pages : — 


( 


Ehombenceplialoii 
or 

Hind -brain 
(posterior  cerebral 
vesicle) 


Myelenceplialon 


Metencephalon 


(narrow  constricted  part 
immediately  adjoining 
the  mesencephalon) 


Superior  cerebellar  peduncles 
Valve  of  Vieussens 


Encephalon 

01' 

Brain 


Mesencephalon 
or  Mid-brain 
(middle  cerebral 
vesicle) 


Mesencephalon 
or 

Mid-brain 


I  Corpora  quadrigemina 
Crura  cerebri 


Thalamencephalon 
or 

Diencephalon 


Optic  thalami 

Subthalamic  tegmental  regions 
Pituitary  and  pineal  bodies 
Structures  in  interpeduncular 


Prosencephalon 
or  Fore-brain 
(anterior  cerebral 
vesicle) 


space 

Optic  nerve  and  retina 
Hinder  part  of  the  third  ven- 


Telencephalon 


^  tricle 
■  Cerebral  hemisj)heres 
Olfactory  lobes 

1 Lateral  ventricles 
Foramina  of  Monro 
Anterior  portion  of  the  third 
^  ventricle 


THE  PARTS  OF  THE  ENCEPHALON  DERIVED  FROM  THE 

HIND-BRAIN. 


MEDULLA  OBLONGATA  OR  BULB. 


The  medulla  oblongata  or  bulb  is  the  continuation  upwards  of  the  spinal  cord. 
It  is  not  more  than  one  inch  in  length,  and  it  may  be  regarded  as  beginning  at  the 
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decussation  of  the  pyramidal  tracts,  which  takes  place  about  the  level  of  the 
foramen  magnum.  Erom  this  it  proceeds  upwards  in  a  very  nearly  vertical  direction, 
and  ends  at  the  lower  border  of  the  pons  Varolii.  At  first  its  girth  is  similar  to 
that  of  the  cord,  but  it  rapidly  expands  as  it  approaches  the  pons,  and  consequently 
it  presents  a  mere  or  less  conical  form.  Its  ventral  surface  lies  behind  the  grooved 
surface  of  the  basilar  portion  of  the  occipital  bone,  whilst  its  dorsal  surface  is  sunk 

into  the  vallecula  of 

Optic  nerve 


Optic  chiasma- 

Optic  tract. 

Corpus  geniculatum 
externuii 
Corpus  geniculatun 
internum 
Locus  perforatus 
posticus 


Middle  peduncle 
of  the  cerebellum 


Restiform  body 
Olive 

Pyrauiitl 
Anterior  superficial 
arcuate  fibres 

Decussation  of 
pyramids 


Infundibulum 
Tuber  cinereum 
■Corpora  mammillaria 

Oculo-motor  nerve  (III.) 
Trochlear  nerve  (IV.) 
winding  round  the  eras 
cerebri 

Trigeminal  nerve  (V.) 
Abducent  nerve  (VI.) 
Facial  nerve  (VII.) 
Auditory  nerve  (VIII.) 

Vago-glossopharyngeal 
nerve  (IX.  and  X.) 

Hypoglossal 
nerve  (XII.) 

Spinal  accessory 
nerve  (XI.) 

First  cervical  nerve 


Pig. 


332. — Front  View  op  the  Medulla,  Pons,  and  Mesencephalon  op 
PULL-TIME  Human  Fcetus. 


the  cereliellum.  The 
medulla  oblongata  is 
a  bilateral  structure, 
and  this  is  indicated 
on  the  surface  by  a 
continuation  upwards 
of  the  antero-median 
and  postero  -  median 
fissures  of  the  cord 
on  the  ventral  and 
dorsal  aspects  of  the 
medulla. 

The  antero-median 
groove  (fissura  medi- 
ana  anterior),  as  it 
passes  from  the  cord 
on  to  the  medulla,  is 
interrupted  at  the 
level  of  the  foramen 
magnum  by  several 
strands  of  fibres, 
which  cross  the  mesial 
plane  from  one  side 
to  the  other.  This  intercrossing  is  termed  the  decussation  of  the  pyramids.  Above 
this  level  the  furrow  is  carried  upwards  to  the  lower  border  of  the  pons.  Here  it 
expands  slightly  and  ends  in  a  blind  pit,  which  receives  the  name  of  the  foramen 
caecum  of  Vicq  d'Azyr.  The  postero-median  fissure  (fissura  mediana  posterior)  is  only 
carried  up  on  the  lower  half  of  the  medulla.  As  it  ascends  it  rapidly  becomes 
shallower,  and,  halfway  up,  the  central  canal  of  the  cord  opens  on  the  dorsal  surface 
of  the  medulla.  At  this  point  the  lips  of '  the  postero-median  fissure  are  thrust 
apart  from  each  other  and  constitute  the  boundaries  of  a  triangular  field,  which  is 
thus  opened  up  on  the  dorsal  aspect  of  the  medulla.  This  triangular  field  is  the 
lower  part  of  the  fossa  rhomboidalis,  or  the  floor  of  the  fourth  ventricle  of  the  brain. 
The  lower  half  of  the  medulla,  containing  as  it  does  the  continuation  of  the  central 
canal  of  the  cord,  is  frequently  termed  the  closed  part  of  the  medulla ;  the  upper 
half,  above  the  opening  of  the  canal,  which  by  its  dorsal  surface  forms  the  lower 
part  of  the  floor  of  the  fourth  ventricle,  is  often  called  the  open  part  of  the 
medulla. 

Deferring  for  the  present  the  examination  of  the  medullary  part  of  the  floor 
of  the  fourth  ventricle,  the  appearance  presented  by  the  surface  of  each  side  of 
the  medulla,  from  the  antero-median  fissure  in  front  to  the  postero-median  fissure 
and  the  lateral  limit  of  the  floor  of  the  fourth  ventricle  behind,  may  now  engage 
our  attention.  In  the  spinal  cord  the  corresponding  surface  area  is  divided  into 
three  districts  or  columns  by  the  emerging  motor  roots  and  the  entering  sensory 
roots  of  the  spinal  nerves.  Of  these  the  latter  enter  along  the  bottom  of  the 
postero-lateral  groove,  whilst  the  motor  fascicles  are  spread  over  a  relatively  broad 
surface  area  and  have  no  groove  in  connexion  with  their  emergence  from  the 
cord.  In  the  case  of  the  medulla  corresponding  rows  of  nerve-fascicles  enter  and 
emerge  from  the  surface  of  each  ,side.  The  efferent  fascicles  are  the  root-bundles 
of  the  hypoglossal  nerve,  and  they  carry  up  the  line  of  the  anterior  nerve-roots  of 
the  cord.  In  one  respect,  however,  they  differ ;  they  emerge  in  linear  order  and 
along  the  bottom  of  a  distinct  furrow,  termed  the  an tero -lateral  furrow,  which 
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proceeds  upwards  on  the  surface  of  the  medulla.  The  fascicles  which  carry  up 
the  line  of  the  posterior  nerve-roots  on  the  surface  of  the  medulla  are  the  root- 
bundles  of  the  spinal  accessory,  the  vagus,  and  the  glosso-pharyngeal  nerves.  These 
are  attached  along  the  bottom  of  a  furrow  which  is  the  direct  continuation  upwards 
/  of  the  postero-lateral  furrow  of  the  cord,  and  therefore  receives  the  name  of  the 
postero-lateral  furrow  of  the  medulla.  The  root-bundles  of  these  nerves  differ, 
however,  in  so  far  that 
they  are  not  all  com- 
posed of  afferent  fibres 
springing  from  gang- 
lionic cells  placed  with- 
out and  entering  the 
medulla.  Certain  of 
them  are  purely  efferent 
(spinal  accessory  roots), 
whilst  others  likewise 
contain  a  considerable 
number  of  efferent  fibres, 
and  are  therefore  to  be 
regarded  as  mixed  roots. 

By  the  antero-pos- 
terior  and  the  antero- 
lateral grooves,  and  also 
by  the  two  rows  of  nerve 
fascicles  attached  along 
the  bottom  of  these  fur- 
rows, the  surface  of  the 
medulla  on  each  side  is 
divided  into  three  dis- 
tricts, viz.  an  anterior,  a 
lateral,  and  a  posterior, 
similar  to  the  surface 
areas  of  the  three 
columns  on  the  side  of  the  cord.  Indeed,  at  first  sight,  they  appear  to  be  a  direct 
continuation  upwards  of  these  three  portions  of  the  cord ;  this  is  not  the  case, 
however,  because  the  fibres  of  the  three  columns  of  the  cord  undergo  a  rearrange- 
ment as  they  proceed  upwards  into  the  medulla. 

Anterior  Area  of  the  Medulla — Pyramid  (pyramis). — The  district  between 
the  antero- median  fissure  and  the  antero- lateral  furrow,  along  the  bottom  of 
which  the  root-fascicles  of  the  hypoglossal  nerve  issue  from  the  medulla,  receives 
the  name  of  the  pyramid.  An  inspection  of  the  surface  is  sufficient  to  show 
that  the  pyramid  is  composed  of  a  compact  strand  of  longitudinally  directed 
nerve-fibres.  Tapering  below,  it  expands  and  assumes  a  prominent  appearance 
as  it  is  traced  upwards,  and,  finally  reaching  the  lower  border  of  the  pons  Varolii, 
it  becomes  slightly  constricted  and  disappears  from  view  by  plunging  into  that 
portion  of  the  brain.  The  two  pyramids,  separated  from  each  other  by  the  antero- 
median furrow,  are  the  great  motor  strands  of  the  medulla. 

Although  the  pyramid  at  first  sight  appears  to  be  continuous  with  the  anterior 
column  of  the  cord,  only  a  very  small  proportion  of  the  fibres  contained  in  the 
latter  are  derived  from  the  pyramid.  This  at  once  becomes  manifest  when  the 
lips  of  the  antero-median  fissure  are  thrust  apart  at  the  place  of  junction  between 
the  cord  and  the  medulla.  The  pyramid  is  then  seen  to  divide  at  this  level  into 
two  parts,  viz.  a  small  portion  composed  of  a  variable  number  of  the  outermost 
fibres  of  the  pyramid,  termed  the  direct  pyramidal  tract,  and  a  much  larger  portion 
situated  next  the  antero-median  fissure,  called  the  crossed  pyramidal  tract.  The 
direct  pyramidal  tract  is  continued  down  into  the  anterior  column  of  the  cord, 
and  in  this  it  takes  up  a  mesial  position  next  the  antero-median  fissure..  The 
crossed  pyramidal  tract  is  broken  up  into  three  or  more  coarse  bundles,  which 
sink  backwards  and  at  the  same  tinae  cross  the  mesial  plane,  to  take  up  a  position 


Frenulum 
Valve  of  Vieussens 


Superior  petluncle  of 
the  cerebellum 

Middle  peduncle  of 
the  cerebellum 


Strine  acusticEe 
Area  acusticse 
Trigonuni  vagi 

Cuueate  tubercle 
Funiculus  gracilis 


Ta?nia  tlialami 


Pineal  body 

Superior  quadri- 
geminal  body 

Inferior  quadri- 
geminal  body 


Crus  cerebri 

Pontine  part  of  floor 
of  ventricle  IV. 

Eniinentia  teres 

Fovea  superior 

Restiform  body 

Trigonum  hypoglossi 

Clava 

Rolandic  tubercle 
Funiculus  cuneatus 


Fig.  333. — Back  View  of  the  Medulla,  Pons,  and  Mesencephalon  of 
a  full-time  human  fcetus. 
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in  the  posterior  part  of  the  opposite  lateral  column  of  the  cord.  The  term 
decussation  of  the  pyramids  (decussio  pyramidum)  is  applied  to  the  intercrossing 

of  the  corresponding  bundles  of  the  crossed 
pyramidal  tracts  of  opposite  sides. 

The  direct  pyramidal  tract  is,  therefore, 
the  only  part  of  the  pyramid  which  has  a  place 
in  the  anterior  column  of  the  cord.  The  much 
larger  part  of  this  column,  termed  the  anterior 
basis- bundle,  as  it  is  traced  up  into  the 
medulla  is  seen  to  be  thrust  aside  by  the 
decussating  bundles  of  the  crossed  pyramidal 
tract.  It  thus  comes  to  occupy  a  deep  position 
in  the  substance  of  the  medulla  behind  and 
to  the  outer  side  of  the  pyramid. 

Lateral  Area  of  the  Medulla. — This  is 
tlie  district  on  the  surface  of  the  medulla 
which  is  included  between  the  two  rows  of 
nerve -roots,  viz.  the  hypoglossal  roots  in 
front,  and  the  root -bundles  of  the  spinal 
accessory,  the  vagus,  and  the  glosso-pharyngeal 
nerves  behind.  It  presents  a  very  different 
appearance  in  its  upper  and  lower  parts.  In 
its  lower  portion  it  simply  appears  to  be  a 
continuation  upwards  of  the  lateral  area  of 
the  cord ;  in  its  upper  part  a  striking  oval 
prominence  bulges  out  on  the  surface  of  the 
medulla,  and  receives  the  name  of  the  olivary 
eminence. 

The  lower  part  of  this  district,  however, 
is  very  far  from  being  an  exact  counterpart 
of  the  lateral  column  of  the  cord.  The  large 
crossed  pyramidal  tract  is  no  longer  present, 
seeing  that  it  forms  in  the  medulla  the  greater  part  of  the  pyramid  of  the 
opposite  side.  Another  small  strand  of  fibres,  viz.  the  direct  cerebellar  tract, 
prolonged  iipwards  in  the  lateral  column  of  the  cord,  gradually  leaves  this 
portion  of  the  medulla.  This  tract  lies  on  the  surface,  and  is  frequently  visible 
to  the  naked  eye  as  a*  white  streak,  which  inclines  obliquely  backwards  into 
the  posterior  district  of  the  medulla  to  join  its  upper  part,  or  in  other  words  the 
restiform  body.  The  remainder  of  the  fibres  of  the  lateral  column  of  the  cord, 
comprising  the  lateral  basis-bundle  and  tlie  tract  of  Gowers,  are  continued  upwards 
in  the  lateral  area  of  the  medulla,  and  at  the  lower  border  of.  the  olive  the  majority 
of  these  fibres  disappear  from  the  surface  by  dipping  into  the  substance  of  the 
medulla  under  cover  of  that  projection.  A  certain  proportion  of  the  fibres,  how- 
ever, are  retained  on  the  surface  and  travel  upwards  towards  the  pons  in  the  interval, 
which  exists  between  the  hinder  border  of  the  olive  and  the  roots  of  the  vagus  and 
glosso-pharyngeal  nerves. 

The  olivary  eminence  (oliva)  is  a  smooth  oval  projection  which  bulges  out  from 
the  upper  part  of  the  lateral  area  of  tlie  medulla.  Its  long  axis  is  vertical  and  is 
about  half  an  inch  long.  It  marks  the  position  of  the  subjacent  inferior  olivary 
nucleus,  a  flexuous  lamina  of  gray  matter  (nucleus  olivaris  inferior),  which  is  only 
separated  from  the  surface  by  a  very  thin  layer  of  superficial  white  matter. 

Posterior  Area  of  the  Medulla. — In  its  lower  half  this  district  is  bounded 
behind  b}''  the  postero-median  fissure,  and  in  its  upper  half  by  the  lateral  margin 
of  the  medullary  part  of  the  floor  of  the  fourth  ventricle  of  the  brain.  In  front 
it  is  separated  from  the  lateral  area  by  the  row  of  root -fascicles  belonging  to 
the  spinal  accessory,  vagus,  and  glosso-pharyngeal.  nerves.  As  in  the  lateral 
area,  we  recognise  a  lower  portion  and  an  iipper  portion,  which  appear  continuous, 
but  in  reality  are  quite  distinct  from  each  other. 

The  lower  part  of  the  posterior  area  corresponds  more  or  less  closely  with 
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Fig.  334. — Diagram  of  the  Decussation  of 
THE  Pyramids  (modified  from  vau  Geliucliten). 

NH,  Nucleus  hypoglossi  ;  NV,  Vago-glcsso- 
pharyngeal  nucleus  ;  FS,  Fa.scicuUis  soli- 
tarius  ;  NA,  Nucleus  arabiguus. 
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the  posterior  column  of  the  cord.  In  the  cervical  part  of  the  cord  the  posterior 
column  is  divided  by  the  paramedian  septum  of  pia  mater  into  an  inner  column 
of  Goll  and  an  outer  column  of  Burdach. 
These  are  prolonged  upwards  into  the 
medulla,  and  in  the  lower  part  of  the 
posterior  area  they  stand  out  distinctly, 
and  are  separated  from  each  other  by  a 
continuation  upwards  from  the  cord  of  the 
paramedian  groove.  In  the  medulla  the 
inner  of  these  strands  is  called  the  funiculus 
gracilis,  whilst  the  outer  one  is  designated 
the  funiculus  cuneatus.  Each  of  these 
strands,  when  it  reaches  the  level  of  the 
lower  part  of  the  floor  of  the  fourth  ven- 
tricle, ends  in  a  slightly  expanded  bulb- 
ous prominence.    The  swollen  extremity  of 


the  funiculus  gracilis  is  called  the  clava. 


Optic  tract 
Crus  cerebri 
Corpus  geniculatum 
externum 

+Pulvinar 

iCorpus  geniculatum 
niternuni 

.Superior  brachiuni 
Inferior  brachiuni 
Inferior  quadrigeminal  body 
Lateral  fillet 

Superior  cerebellar  peduncle 

Knia  pontis 
Middle  peduncle  of 
cerebellum 


Restiform  body 
Ligula 


Arcuate  fibres  (anterior  superficial) 
Clava 

Cuneate  tubercle 
Rolandic  tubercle 
Lateral  district  of  medulla 

Anterior  column  of  cord 


Pig.  335. — Lateral  View  of  the 
Pons,  and  Mesencephalon  of  a 
Human  Fcetus. 


Medulla, 
full-time 


This  is  thrust  aside  from  its  neighbour  of 
the  opposite  side  by  the  opening  up  of  the 
medulla  to  foi"m  the  floor  of  the  fourth 
ventricle,  and  the  central  canal  of  the  cord 
opens  on  the  surface  in  the  angle  between 
the  two  clavae.  The  bulbous  end  of  the 
fasciculus  cuneatus  receives  the  name  of 
the  cuneate  tubercle  (tuberculum  cinereum), 
but  it  is  only  in  the  festal  or  very  young 
brain  that  it  is  well  marked. 

The  elongated  prominences  formed  on  the  surface  of  the  medulla  by  these  two 
strands  and  their  enlarged  extremities  are,  in  a  great  measxire,  due  to  the  presence 
of  two  elongated  nuclei  or  collections  of  gray  matter  which  make  their  appearance 
subjacent  to  the  strands,  and  which  gradually  increase  in  bulk  as  they  are  traced 
upwards.  These  are  termed  respectively  the  gracile  (nucleus  funiculi  gracilis)  and 
cuneate  (nucleus  funiculi  cuneati)  nuclei,  and  it  can  be  easily  shown  that  as  the 
gray  matter  increases  in  quantity  the  fibres  of  the  two  corresponding  strands 
diminish  in  number  by  coming  to  an  end  in  connexion  with  the  cells  of  the 
subjacent  nuclei.  Indeed,  it  is  doubtful  if  any  of  the  fibres  of  the  gracile  and 
cuneate  strands  extend  upwards  beyond  these  nuclei. 

But  a  third  longitudinal  elevation  is  also  apparent  in  the  lower  part  of  the 
posterior  area  of  the  medulla.  This  is  placed  on  the  outer  side  of  the  funiculus 
cuneatus — between  it  and  the  posterior  row  of  nerve-roots — and  it  has  no  counter- 
part in  the  posterior  column  of  the  cord.  It  is  called  the  funiculus  of  Rolando, 
because  it  is  produced  by  the  substantia  gelatinosa  Rolandi,  which  caps  the 
posterior  horn,  coming  close  to  the  surface  and  forming  a  bulging  in  this  situation. 
The  funiculus  of  Kolando  is  wedge-shaped  in  outline.  Extremely  narrow  below,  it 
widens  as  it  is  traced  upwards,  and  finally  ends  in  an  expanded  extremity  called 
the  tubercle  of  Bolando  (tuberculum  Eolandi).  A  thin  layer  of  white  matter,  com- 
posed of  longitudinally  arranged  fibres,  is  spread  over  this  district,  and  separates  the 
substantia  Eolandi  from  the  surface.  These  fibres  constitute  the  spinal  root  of  the 
fifth  or  trigeminal  nerve,  which  here  assumes  a  superficial  position  as  it  descends 
in  the  medulla. 

The  restiform  body  (corpus  restiforme)  forms  the  upper  part  of  the  posterior 
area  of  the  medulla.  It  lies  between  the  floor  of  the  fourth  ventricle  and  the 
roots  of  the  vagus  and  glosso- pharyngeal  nerves.  It  is  a  large  and  prominent 
rope -like  strand,  which  inclines  upwards  and  outwards,  and  then  finally  takes 
a  turn  backwards  and  enters  the  cerebellum.  It  forms  the  great  link  of 
connexion  between  the  cerebellum  on  the  one  hand  and  the  medulla  and  spinal 
cord  on  the  other,  and  consequently  it  also  receives  the  name  of  the  inferior  cere- 
bellar peduncle.  At  the  same  time  it  must  be  understood  that  it  is  not  formed 
by  fibres  which  are  prolonged  into  it  from  the  funiculus  cuneatus  and  funiculus 
29 
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gracilis  of  the  cord.  It  is  true  tliat  a  surface  inspection  of  the  medulla  might  very 
naturally  lead  the  observer  to  this  supposition,  liecause  there  is  no  sharp  line  of 
demarcation  marking  it  off  from  the  tubercles  of  these  strands.  Such  a  conclusion, 
however,  would  be  altogether  erroneous,  because  it  is  questionable  if  any  of  the  fibres 
of  the  posterior  columns  of  the  cord  are  carried  beyond  the  gracile  and  cuneate 
nuclei  of  the  medulla.  A  study  of  the  surface  of  the  medulla  yields  some  important 
information  regarding  the  constitution  of  the  restiform  body.  Thus  the  direct 
cerebellar  tract  from  the  lateral  column  of  tlie  cord  can  be  traced  into  it,  and  large 
numbers  of  fibres  which  take  a  curved  course  on  the  surface  of  the  medulla  may 
likewise  be  followed  into  it.  These  are  the  superficial  arcuate  fibres.  Numerous 
other  fibres  enter  the  restiform  body  on  its  deep  aspect,  but  these  will  be  studied 
at  a  later  stage. 

Superficial  Arcuate  Fibres  (fibrte  arcuatte  externfe). — These  fibres  enter 
into  tlie  constitution  of  tlie  restiform  body,  and  they  may  be  regarded  as  con- 
sisting of  two  sets,  viz.  the  anterior  superficial  arcuate  fibres  and  the  posterior 
superficial  arcuate  fibres,  both  of  which  present  this  feature  in  common  that  they 
run  on  the  surface  of  the  medulla. 

The  anterior  superficial  arcuate  fibres  are  more  particularly  seen  in  the  neighbour- 
hood of  the  olive,  round  the  lower  border  of  which,  and  also  over  tlie  surface  of 
which,  they  may  be  observed  coursing  in  the  form  of  a  number  of  coarse  curved 
bundles.  They  vary  greatly  in  number  and  in  distinctness,  and  they  are  sometimes 
so  numerous  as  to  cover  over  almost  entirely  the  olivary  eminence.  An  attentive 
examination  will  show  that  they  come  to  the  surface  in  the  antero-median  fissure 
between  the  pyramids,  and  also  not  unfrequently  in  the  groove  between  the 
pyramid  and  olive,  or  through  the  substance  of  the  pyramid  itself.  The  antero- 
median fissure  in  its  upper  part  is  often  almost  completely  blocked  up  by  these 
emerging  fibres.  The  anterior  superficial  arcuate  fibres  reaching  the  surface  of  the 
medulla  in  this  manner  turn  backwards,  and  the  great  majority  enter  the  restiform 
body  and  form  a  considerable  part  of  its  outer  portion. 

The  posterior  superficial  arcuate  fibres  arise  in  the  cuneate  and  gracile  nuclei,  and 
enter  the  restiform  body  of  the  same  side. 

THE  PONS  VAROLII. 

The  pons  Varolii  is  a  marked  white  prominence  on  the  basal  aspect  of  the  brain 
which  is  interposed  between  the  medulla  and  the  crura  cerebri,  and  which  lies  in 
front  of  the  cerebellum.  It  is  convex  from  side  to  side,  as  well  as  from  above 
downwards,  and  transverse  streaks  on  its  surface  show  that,  superficially  at  least,  it 
is  composed  of  bundles  of  nerve-fibres  which  course  transversely  over  it.  On  either 
side  these  transverse  fibres  are  collected  together  in  the  form  of  a  large  compact 
strand,  which  sinks  in  a  backward  and  outward  direction  into  the  white  matter  of 
the  corresponding  hemisphere  of  the  cerebellum.  This  strand  is  termed  the  middle 
peduncle  of  the  cerebellum,  and  the  term  "  pons,"  applied  to  the  entire  structure, 
expresses  in  an  admirable  way  the  arch-like  manner  in  which  this  portion  of  the 
brain  bridges  across  between  the  two  cerebellar  hemispheres. 

The  ventral  surface  of  the  pons  is  in  relation  to  the  basilar  process  of  the 
occipital  bone  and  the  dorsum  sellfe  of  the  sphenoid  bone.  It  presents  a  mesial 
groove  (sulcus  basilaris),  which  gradually  widens  as  it  is  traced  upwards,  and  in 
which  the  basilar  artery  lies.  This  mesial  depression  is  produced  by  the  prominence 
which  is  caused  on  either  side  by  the  passage  of  the  pyramidal  tract  of  the  medulla 
upwards  through  the  pons.  The  trigeminal  or  fifth  cranial  nerve,  with  its  large 
entering  sensory  root  and  its  small  emerging  motor  root,  is  attached  to  the  side  of 
the  ventral  aspect  of  the  pons,  nearer  its  upper  than  its  lower  border.  It  is  usual 
to  restrict  the  term  "  pons  "  to  that  portion  of  the  structure  which  lies  between  the 
two  trigeminal  nerves,  and  to  apply  the  designation  of  middle  cerebellar  peduncle 
to  the  part  which  extends  beyond  the  nerve  into  the  hemisphere  of  the  cerebellum. 
The  sixth  or  abducent  nerve,  the  seventh  or  facial  nerve,  and  the  eighth  or  auditory- 
nerve  are  attached  to  the  brain  at  the  lower  border  of  the  pons.  The  sixth  emerges 
at  the  outer  border  of  the  pyramid,  the  seventh  immediately  in  front  of  the  resti- 
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form  body,  whilst  the  auditory  nerve  reaches  the  brain  close  to  the  facial  nerve,  on 
the  ventral  aspect  of  the  restiform  body. 

The  whole  of  the  medulla  enters  the  lower  aspect  of  the  pons,  and,  with  the 
exception  of  the  restiform  bodies,  its  constituent  parts  are,  to  a  large  extent,  carried 
up  within  it.    The  crura  cerebri  emerge  from  its  upper  aspect. 

The  dorsal  surface  of  the  pons  is  turned  backwards  towards  the  cerebellum,  and 
presents  a  triangular  area  covered  with  gray  matter,  which  forms  the  upper  part  of 
the  anterior  wall  or  floor  of  the  fourth  ventricle.  This  area  is  directly  continuous 
below  with  the  medullary  part  of  the  floor  of  the  fourth  ventricle,  and  is  bounded 
on  either  side  by  a  band  of  white  matter  termed  the  superior  peduncle  of  the 
cerebellum. 

The  superior  cerebellar  peduncles  (brachia  conjunctiva)  are  hidden  from 
view  by  the  upper  part  of  the  cerebellum,  under  cover  of  which  they  lie.  They 
emerge  from  the  lateral  hemispheres  of  the  cerebellum,  and,  as  they  proceed 
upwards  on  the  dorsal  aspect  of  the  pons,  they  converge  towards  each  other  until, 
at  the  level  of  the  inferior  corpora  quadrigemina,  the  inner  margins  of  the  two 
peduncles  almost  become  contiguous  (Fig.  333,  p.  447).  At  first  they  form  the 
lateral  boundaries  of  the  upper  part  of  the  fourth  ventricle ;  but,  as  they  ascend 
and  approach  closer  to  each  other,  they  gradually  come  to  overhang  that  cavity 
and  thus  enter  into  the  formation  of  its  roof.  They  disappear  from  the  surface 
by  dipping  under  cover  of  the  quadrigeminal  bodies  and  entering  the  substance  of 
the  mesencephalon. 

Valve  of  Vieussens  or  the  Superior  Medullary  Velum  (velum  medullare 
anterius). — Filling  up  the  triangular  interval  between  the  two  superior  cere- 
bellar peduncles,  and  stretching  across  from  the  inner  and  free  margin  of  the  one 
to  the  corresponding  margin  of  the  other,  is  a  thin  layer  of  white  matter  which 
completes  the  roof  or  dorsal  wall  of  the  upper  part  of  the  fourth  ventricle,  and 
receives  the  name  of  the  superior  medullary  velum.  When  traced  downwards,  it 
is  seen  to  be  carried  with  the  superior  peduncles  into  the  white  matter  of  the  cere- 
bellum. Spread  out  on  its  dorsal  surface  is  a  small,  thin,  tongue-shaped  prolongation 
of  gray  matter  from  the  cortex  of  the  cerebellum,  which  is  termed  the  lingula, 
whilst  issuing  from  its  substance  close  to  the  inferior  quadrigeminal  bodies  are  the 
two  fourth  or  trochlear  cranial  nerves. 

Fourth  Ventricle  of  the  Brain  (ventriculus  quartus). — The  fourth  ventricle  is 
somewhat  rhomboidal  in  form.  Below,  it  tapers  to  a  point  and  becomes  con- 
tinuous with  the  central  canal  of  the  cord ;  above,  it  narrows  in  a  similar  manner 
and  is  continued  into  the  aqueduct  of  Sylvius,  which  tunnels  the  mesencephalon. 
The  posterior  wall  is  termed  the  roof  and  is  concealed  by  the  cerebellum.  The 
anterior  wall  is  called  the  floor  and  is  formed  by  the  dorsal  surface  of  the  medulla 
and  pons.  On  either  side  a  narrow-pointed  prolongation  of  the  ventricular  cavity 
is  carried  outwards  from  its  widest  part  and  curves  round  the  upper  part  of  the 
corresponding  restiform  body.  This  is  termed  the  lateral  recess.  The  roof  of 
the  cavity  is  very  thin  and  intimately  connected  with  the  cerebellum.  It  is  better, 
therefore,  to  defer  its  description  until  that  part  of  the  brain  has  been  studied. 

Floor  of  the  Fourth  Ventricle  (fossa  rhomboidea). — In  its  lower  part  the 
floor  of  the  fourth  ventricle  is  formed  by  the  dorsal  surface  of  the  open  part  of  the 
medulla,  whilst  in  its  upper  part  it  is  formed  by  the  dorsal  surface  of  the  pons 
Varolii  (Fig.  333,  p.  447).  The  area  thus  constituted  is  lozenge-shaped,  its  widest 
part  being  opposite  the  middle  peduncles  of  the  cerebellum.  A  thick  layer  of 
gray  matter,  continuous  with  that  which  surrounds  the  central  canal  of  the  cord, 
is  spread  out  like  a  carpet  over  the  ventricular  floor,  and  covering  this  is  the  usual 
ependymal  layer,  which  lines  all  the  ventricles  of  the  brain.  The  area  is  circum- 
scribed by  definite  lateral  boundaries.  Thus,  helow  it  is  bounded  on  either  side  by 
the  clava,  the  cuneate  tubercle,  and  the  restiform  body ;  whilst  above  the  lateral 
limits  are  formed  by  the  superior  cerebellar  peduncles. 

The  floor  of  the  fourth  ventricle  is  divided  into  two  lateral  and  symmetrical 
portions  by  a  median  groove.  At  the  lower  narrow  end  between  the  two  clavae  it 
receives  the  name  of  the  calamus  scriptorius,  from  its  fancied  resemblance  to  the 
point  of  a  pen.    Crossing  each  half  of  the  floor,  at  its  widest  part,  are  several  trans- 
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verse  bundles  of  fibres  termed  the  striae  acusticae.  They  appear  to  emerge  from 
the  mesial  groove  and  they  are  carried  outwards  over  the  upper  part  of  the  resti- 
form  body.  They  somewhat  resemble  the  superficial  arcuate  fibres  on  the  lateral 
surface  of  the  medulla,  and  their  connexions  will  be  discussed  at  a  later  stage. 
The  strife  acusticfe  divide  each  lateral  half  of  the  ventricular  floor  into  upper  and 
lower  portions,  which  very  nearly  correspond  to  the  subdivisions  of  this  area  formed 
by  the  medidla  and  the  pons.  Except  for  this  break  on  the  surface,  the  medullary 
and  pontine  portions  of  the  floor  of  the  fourth  ventricle  are  quite  continuous  with 
each  other. 

On  the  lower  medullary  district  of  the  ventricular  floor  a  small  triangular 
depression  placed  immediately  below  the  stritB  acusticaj  catches  the  eye.  This  is 
termed  the  fovea  inferior.  It  is  shaped  somewhat  like  an  arrow-head.  Tlie  apex 
or  point  looks  towards  the  striae,  whilst  the  lateral  angles  of  the  base  are  prolonged 
downwards  in  the  form  of  diverging  grooves  (Fig.  33:3,  p.  447).  Of  these,  the  inner 
groove  runs  towards  the  opening  of  the  central  canal  at  the  calamus  scriptorius, 
whilst  the  outer  groove  runs  towards  the  lateral  boundary  of  the  floor.  In  this 
manner  the  portion  of  the  floor  which  lies  below  the  striaj  acusticte  is  mapped  out 
into  three  triangular  areas.  The  mesial  subdivision  is  slightly  elevated  and  is 
termed  the  trigonum  hypoglossi,  because,  subjacent  to  this  area,  is  the  nucleus  of 
origin  of  the  hypoglossal  or  twelfth  cranial  nerve.  The  intermediate  area  between 
the  two  diverging  grooves  which  proceed  from  the  base  of  the  fovea  inferior  is  the 
trigonum  vagi  (ala  cinerea),  so  called  because  the  terminal  nucleus  of  the  vagus  or 
tenth  and  the  glosso-pharyngeal  or  ninth  cranial  nerves  lies  subjacent  to  it.  The 
external  area  is  the  trigonum  acustici.  The  base  of  this  area  is  directed  upwards 
and  runs  continuously  into  an  eminence — the  acustic  area  (area  acustica) — over 
which  the  striae  acusticae  pass.  Subjacent  to  this  district  of  the  floor  of  the 
ventricle  lies  the  large  terminal  chief  nucleus  of  the  vestibular  division  of  the 
auditory  or  eighth  cranial  nerve. 

On  the  part  of  the  floor  of  the  ventricle  which  lies  above  the  striae  acusticae,  and 
which  corresponds  to  the  dorsal  surface  of  the  pons,  there  is  also  a  slight  depression 
termed  the  fovea  superior.  Between  it  and  the  median  groove  is  a  marked  pro- 
minence called  the  eminentia  teres.  Inferiorly  this  elevation  passes  downwards 
and  becomes  continuous  with  the  trigonum  hypoglossi,  whilst  above  it  is  cai-ried 
upwards  towards  the  opening  of  the  aqueduct  of  Sylvius.  In  both  directions  it 
becomes  gradually  less  prominent,  but  still  it  forms  a  distinct  elongated  elevation, 
which  stretches  along  the  whole  length  of  the  median  groove.  As  already  stated, 
the  area  acustica  extends  upwards  into  the  pontine  part  of  the  ventricular  floor  and 
forms  an  elevated  region  in  the  outermost  part  of  its  widest  portion,  below  and  to 
the  outer  side  of  the  fovea  superior.  Proceeding  upwards  from  the  fovea  superior 
to  the  opening  of  the  Sylvian  aqueduct  there  is  a  shallow  depression  termed  the 
locus  cseruleus,  seeing  that  it  usually  presents  a  faint  slate  gray  colour.  When  the 
ependyma  is  scraped  away  from  the  surface  of  this  part  of  the  floor,  the  colour  is 
seen  to  be  due  to  the  substantia  ferruginea, — a  name  applied  to  a  linear  group  of 
strongly  pigmented  cells,  which  lies  in  the  lateral  part  of  the  gray  matter  covering 
this  portion  of  the  ventricular  floor.  When  transverse  sections  are  made  through 
the  upper  part  of  the  pons,  the  substantia  ferruginea  appears  on  the  cut  surface 
as  a  small  black  spot. 

INTERNAL  STEUCTUEE  OF  THE  MEDULLA. 

The  internal  structure  of  the  medulla  differs  in  a  marked  degree  from  that  of 
the  spinal  cord  ;  indeed,  in  its  upper  part  it  presents  very  little  in  common  with  the 
latter.  The  various  strands  of  the  cord  either  come  to  an  end  within  the  medulla 
or  undergo  changes  in  their  relative  position,  whilst  the  gray  matter  is  much  modi- 
fied and  new  masses  are  added.  Like  the  cord,  however,  the  medulla  consists  of 
two  nearly  symmetrical  right  and  left  halves.  When  transverse  sections  are  made 
through  it  at  different  levels  each  lateral  half  is  seen  to  be  partly  marked  ofl'  from 
the  other  in  the  lower  closed  part  of  the  medulla  by  the  anterior  and  posterior 
median  fissures,  whilst  in  the  upper  open  part  of  the  medulla  the  subdivision  is 
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rendered  evident  in  transverse  sections  by  the  presence  of  a  distinct  median 
line,  called  the  raphe,  which  occnpies  the  mesial  plane.  The  raphe  is  formed  by  the 
close  intersection  of  fibres  running  in  different  directions  and  crossing  from  one  side 
to  the  other. 

Each  half  of  the  medulla  is  composed  of :  (a)  strands  of  white  matter ;  (b)  gray 
matter ;  and  (c)  the  formatio  reticularis. 

The  white  matter,  as  in  the  cord,  is  to  a  large  extent  disposed  on  the  surface,  and 
the  gray  matter  in  the  interior ;  but  in  the  upper  open  part  of  the  medulla  the  gray 
matter  comes  to  the  surface  on  the  dorsal  a'spect,  and  is  spread  out  over  that  area 
which  forms  the  medullary  part  of  the  floor  of  the  fourth  ventricle.  In  the  cord 
the  white  matter,  in  the  shape  of  massive  longitudinal  strands  of  fibres,  forms  a 
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the  only  massive 
strands  which  are 
surface  are  the 
cuneate  strands  (until  they  be- 
come absorbed  by  the  subjacent 
nuclei),  the  inferior  cerebellar 
peduncles  or  restiform  bodies  and 
the  pyramidal  tracts.  Elsewhere 
the  coating  of  white  matter  is 
thin,  and  in  certain  places  is 
composed  chiefly  of  the  super- 
ficial arcuate  fibres.  New  longi- 
tudinal strands,  however,  take 
shape  within  the  medulla,  and 
two  of  the  most  important  are 
placed  on  either  side  of  the 
median  raphe. 

The  gray  matter  of  the  cord, 
as  it  is  continued  upwards  into 
the  medulla,  becomes  greatly 
modified.  A  considerable  part 
of  it  is  broken  up  in  the  formatio 
reticularis,  whilst  the  only  por- 
tions which  remain  as  compact 
masses  in  direct  continuity  with 
the  gray  matter  of  the  cord  are  : 
(1)  the  thick  layer  which  sur- 
rounds the  central  canal,  and 
which,  in  tlie  open  part  of  the 
medulla,  becomes  spread  out  on 
the  floor  of  the  fourth  ventricle ; 
and  (2)  the  substantia  gelatinosa 
Eolandi.  N"ew  masses  of  gray 
matter,  which  are  not  represented  in  the  cord,  and  which  in  some  cases  appear  in 
isolated  clumps,  are  also  added.  The  chief  of  these  are  the  gracile  and  cuneate 
nuclei,  the  olivary  nuclei,  and  the  arcuate  or  pyramidal  nuclei. 

The  formatio  reticularis  is  only  feebly  represented  in  the  cord,  but  in  the 
medulla  it  forms  a  very  considerable  part  of  its  bulk.  It  is  composed  of  gray 
matter  coarsely  broken  up  by  fibres,  which  traverse  it  in  different  directions. 

In  the  following  detailed  account  of  the  internal  structure  of  the  medulla,  it 
must  be  understood  that  the  appearances  described  are  such  as  are  seen  when 
successive  transverse  sections  through  the  bulb  are  examined. 

Decussation  of  the  Pyramids  and  the  Changes  produced  thereby. — As  we 
pass  under  the  microscope  a  series  of  successive  transverse  sections  through  the 
upper  end  of  the  cord  and  the  lower  end  of  the  medulla,  the  most  striking  change 
which  meets  the  eye  is  the  decussation  of  the  pyramids.    The  crossed  pyramidal 
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tract  in  the  lateral  column  of  the  cord  is  seen  to  liecome  looser  in  its  formation ; 
tlien  coarse  strands  leave  it,  pass  right  through  the  anterior  horn  of  gray  matter, 
and,  crossing  the  mesial  plane,  take  up  their  position  in  the  other  side  of  the 
medulla,  close  to  the  antero-median  fissure.  Strands  from  the  right  crossed 
pyramidal  tract  alternate  with  corresponding  strands  from  the  left  side,  and  the 
interval  between  the  bottom  of  the  antero-median  furrow  and  the  gray  matter 
surrounding  the  central  canal  becomes  filled  up  with  a  great  mass  of  intercrossing 
bundles  of  fibres.  When  the  decussation  is  completed  the  pyramid  is  seen  to  be 
composed  of  a  solid  and  compact  bundle  of  fibres,  well  marked  off  from  the 
surrounding  structures,  which  lies  at  the  side  of  the  antero-median  fissure  of  the 
medulla. 

As  a  rule  the  inner  three-fourths  of  the  pyramid  is  composed  of  fibres  which,  lower 
down  in  the  opposite  lateral  column  of  the  cord,  form  the  crossed  pyramidal  tract,  whilst 
the  outer  fourth  of  the  pyramid  proceeds  downwards  in  the  anterior  column  of  the  cord  of 
the  same  side  as  the  direct  pyramidal  tract.  A  considerable  amount  of  variation,  however, 
occurs  in  the  proportion  of  fibres  which  is  allotted  to  the  formation  of  these  two  tracts  of 
the  cord.  Sometimes  the  crossed  pyramidal  tract  is  much  larger  than  usual,  and  then  the 
direct  pyramidal  tract  suffers  a  corresponding  diminution  in  size.  Cases  indeed  occur  in 
which  the  entire  pyramid  enters  into  the  decussation,  and  in  these  there  is  no  direct 
pyramidal  tract  in  the  cord.  Further,  it  is  not  uncommon  to  meet  with  variations  of  an 
opposite  Ivind  which  lead  to  an  increase  of  the  direct  pyramidal  tract  at  the  expense  of  the 
crossed  tract.  In  the  majority  of  cases  the  decussation  appears  to  be  symmetrical — the 
division  of  the  pyramid  at  the  lower  end  of  the  medulla  being  into  parts  of  corresponding 
size  on  the  two  sides ;  in  certain  instances,  however,  the  decussation  is  asymmetrical,  and 
the  corresponding  pyramidal  tracts  on  opposite  sides  of  the  cord  are  then  imequal  in  size. 
Seeing  that  the  direct  pyramidal  tracts  undergo  a  gradual  decussation  in  the  anterior 
commissure,  as  they  descend  in  the  cord,  the  final  result  is  the  same,  no  matter  what  varia- 
tions occur  in  the  decussation  at  the  lower  part  of  the  medulla. 

The  variations  indicated  above  receive  an  additional  interest  when  viewed  in  the  light 
of  comparative  anatomy.  It  would  appear  that  only  in  man  and  the  anthropoid  apes  is 
the  decussation  of  the  pyramids  in  the  lower  part  of  the  medulla  incomplete.  According 
to  Sherrington,  a  dii-ect  pyramidal  tract  in  the  cord  of  the  anthropoid  apes  stands  in 
connexion  with  the  arm -centre  in  the  cerebral  cortex.  In  the  lower  apes  a  direct 
pyramidal  tract  does  not  seem  to  exist :  the  whole  pyramid  crosses  over  to  the  opposite 
side  of  the  cord  in  the  shape  of  the  crossed  pyramidal  tract. 

As  we  have  noted,  the  decussating  pyramidal  bundles  pass  through  the  anterior 
horn  of  gray  matter  of  the  cord,  and  cut  it  into  two  portions  (Fig.  336,  B).  The 
basal  part  remains  in  position  on  the  anterior  and  lateral  aspect  of  the  central 

canal,  and  forms  part 
of  the. thick  layer  of 
gray  matter  which 
surrounds  it.  The 
detached  head  of  the 
anterior  horn  is  set 
free ;  and  from  the 
large  multipolar  cells 
which  lie  in  its  midst 
some  of  the  fibres  of 
the  anterior  root  of 
the  first  cervical  nerve, 
and  also  some  of  the 
root  fibres  of  the  spinal 
accessory  nerve,  take 
origin. 

On  proceeding  up 
into  the  medulla  an- 

'         the  medullated  tracts  oAbres  are  black.  '  other    effect    of  the 

decussation    of  the 

pyramids  is  seen  in  the  submergence  from  the  surface  of  the  strand  of  fibres  which, 
in  the  anterior  column  of  the  cord,  lies  to  the  outer  side  of  the  direct  pyramidal 
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tract,  and  which  receives  the  name  of  the  anterior  basis-bundle.  While  the  decus- 
sation is  going  on  the  anterior  basis-bundle  is  thrust  aside,  and,  sinking  from  the 
surface,  it  takes  up  its  position  as  a  flattened  band-like  strand  on  the  outer  side  of 
the  gradually  increasing  pyramid  (Fig.  337).  When  the  decussation  is  completed 
this  strand  is  seen  to  lie  close  to  the  median  plane  on  the  dorsal  aspect  of  the 
pyramid,  where  it  is  separated  from  its  fellow  of  the  opposite  side  by  the  median 
raphe  alone  (Fig.  338).  In  the  upper  part  of  the  medulla  it  approaches  still  nearer 
to  the  dorsal  surface  and  appears  to  form  'the  greater  part  of  a  strand,  which  is 
termed  the  posterior  longitudinal  bundle  (Figs.  340  and  341).  The  detached  head 
of  the  anterior  horn  of  gray  matter  of  the  cord,  as  it  is  traced  upwards,  is  observed 
to  cling  closely  to  its  original  relationship  with  the  anterior  basis-bundle.  It  is 
applied  to  the  outer  side  of  this  strand,  and,  gradually  becoming  smaller,  finally 
disappears  at  the  level  of  the  lower  part  of  the  inferior  olivary  nucleus. 

Cuneate  and  Gracile  Strands,  with  their  Nuclei. — As  the  funiculus  gracilis 
and  the  funiculus  cuneatus  of  the  posterior  column  of  the  cord  are  traced  up 
into  the  medulla  they  seem  to  increase  in  bulk,  and  in  transverse  sections  they 
assume  the  form  of  massive  wedge-shaped  strands,  quite  distinct  from  each  other. 
When  the  decussation  of  the  pyramids  is  fully  established  they  change  their  shape. 
They  increase  in  width  and  lose  considerably  in  depth,  and  consequently  the 
transverse  diameter  of  the  area  which  they  occupy  becomes  greater.  As  a  result 
of  this,  they  push  outwards  the  posterior  horn  of  gray  matter  to  such  a  degree 
that  very  soon  it  comes  to  lie  transversely  and  in  the  same  straight  line  with 
its  fellow  of  the  opposite  side  (Figs.  336  and  337).    The  substantia  gelatinosa 

Funiculus  gracilis 


Fig.  338. — Section  through  the  Closed  Pabt  of  Hdman  Medulla  immediately  above  the 

Decussation  of  the  Pyramids. 


Eolandi,  at  the  same  time,  becomes  increased  in  quantity  and  presents  a  horse- 
shoe-shaped outline  in  transverse  section.  It  clasps  within  its  concavity  the 
somewhat  re,duced  head  of  the  posterior  horn,  and  forms  with  it  a  conspicuous 
circular  mass  of  gray  matter  which  lies  close  to  the  surface,  and  produces  upon  it 
the  bulging  termed  the  funiculus  and  tubercle  of  Eolando.  The  basal  portion  of 
the  posterior  horn  of  gray  matter  remains  upon  the  dorsal  and  lateral  aspect  of  the 
central  canal,  and  forms  a  portion  of  the  central  gray  mass  of  the  closed  part  of 
the  medulla ;  but  very  soon  the  neck  of  the  horn  is  invaded  by  bundles  of  fibres 
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which  traverse  it  in  different  directions  and  convert  it  into  a  formatio  reticularis. 
By  this  means  the  rounded  head  of  the  posterior  horn  becomes  cut  off  from  the 
central  gray  matter,  and  from  this  point  upwards  it  remains  as  an  isolated  gray 
column  intimately  associated  with  tlie  spinal  root  of  the  trigeminal  nerve. 

Tlie  gracile  and  cuneate  nuclei  take  shape  before  the  decussation  of  the  pyramids 
is  fully  completed  (Fig.  .'336).  The  gracile  nucleus  appears  in  the  form  of  a  small 
irregular  mass  of  gray  matter  in  the  interior  of  the  funiculus  gracilis,  which 
gradually  infiltrates  the  entire  strand.  At  first  it  is  not  directly  connected 
with  the  gray  matter  which  surrounds  the  central  canal ;  but  as  it  is  traced 
upwards  it  increases  in  bulk,  absorbs  more  of  the  strand  in  wluch  it  lies,  and  such 
a  connexion  becomes  established  (Figs.  ooT  and  .").38). 

The  cuneate  nucleus,  from  the  first,  is  a  direct  offshoot  from  that  part  of  the  base 
of  the  posterior  horn  of  gray  matter  which  is  preserved  as  a  portion  of  the  central 
gray  mass.  In  transverse  section  it  is  seen  to  invade  the  funiculus  cuneatus  upon 
its  deep  aspect,  and  it  gradually  grows  backwards  into  its  substance.  It  presents  a 
very  different  appearance  from  tlie  gracile  nucleus,  because  tliroughout  its  whole 
length  the  gray  nucleus  and  the  fibres  of  the  strand  are  separated  from  each  other 
by  a  sharp  line  of  demarcation.  A  second  and  much  smaller  mass  of  gray  matter 
appears  in  the  funiculus  cuneatus,  superficial  to  the  main  nucleus,  soon  after  the 
region  of  the  decussation  of  the  pyi'amids  is  left.  This  is  termed  the  accessory  or 
the  external  cuneate  nucleus  (Fig.  .338). 

Gradually  the  fibres  of  the  gracile  and  cuneate  strands  become  absorbed  in  these 
nuclei.  As  the  gray  masses  gain  in  size  a  corresponding  diminution  in  the  number 
of  fibres  composing  the  corresponding  tracts  is  observed  until,  at  the  level  of  the 
clava  and  cuneate  tubercles,  it  is  seen  that  these  eminences  are  composed  almost 

entirely  of  the  gray 
nuclei,  covered  by  a 
thin  skin  of  the  few 
remaining  fibres  of 
the  two  strands  in- 
volved. It  is  ex- 
tremely doubtful  if 
any  fibres  belonging 
to  the  funiculus 
gracilis  and  funi- 
culus cuneatus  get 
beyond  these  nuclei. 
They  apparently  all 
end  in  fine  terminal 
ramifications  around 
the  cells  of  the 
nuclei.  In  the  case 
of  the  funiculus 
cuneatus  the  bundles 
of  fibres,  as  they  pass 
from  the  surface  into 

the  subjacent  gray  nucleus,  are  very  distinctly  seen  in  transverse  sections  through 
the  medulla. 

When  the  medulla  oblongata  opens  up  into  the  fourth  ventricle  the  gracile  and 
cuneate  nuclei  are  pushed  outwards  by  the  expanding  ventricular  floor,  and  the 
gracile  nucleus  soon  comes  to  an  end ;  but  the  cuneate  nucleus  extends  upwards  for 
a  short  distance  further,  and  only  terminates  when  the  restiform  body  begins  to 
take  definite  sliape  on  its  outer  aspect. 

Decussation  of  the  Fillet  (decussatio  lemniscorum). — Immediately  above  the 
level  of  tlie  decussation  of  the  pyramids  another  decussation  of  fibres  in  the  median 
plane,  and  upon  the  dorsal  aspect  of  the  pyramids,  takes  place  in  the  substance  of 
the  medulla.  This  is  teimed  the  decussation  of  the  fillet,  or  the  sensory  decussation, 
in  contradistinction  to  the  term  "  motor  decussation,"  which  is  sometimes  applied 
to  the  decussation  of  the  pyramids,    The  fibres  which  take  part  in  this  decussation 
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are  called  deep  arcuate  fibres  (fibrte  arcuatfe  internas),  and  they  are  derived  from  the 
cells  of  the  gracile  and  ciineate  nuclei.  From  the  deep  aspects  of  these  nuclei  these 
fibres  stream  forwards  and  inwards  towards  the  median  raphe,  forming  a  series  of 
concentric  curves  in  the  substance  of  the  medulla.  They  cross  the  mesial  plane 
and  decussate  with  the  corresponding  fibres  of  the  opposite  side,  upon  the  dorsal 
aspect  of  the  pyramids.  Having  thus  gained  the  opposite  side  of  the  medulla  they 
immediately  turn  upwards  and  form  a  conspicuous  strand  of  longitudinal  fibres, 
which  ascends  close  to  the  mesial  plane  and  is  separated  from  its  fellow  of  the 
opposite  side  by  the  medial  raphe  alone. '  This  strand  is  termed  the  fillet  or 
lemniscus. 


As  we  proceed  up  the  medulla  the  deep  arcuate  fibres  which  first  come  into  sight 
appear  as  coarse  bmidles  which  curve  forwards  in  a  narrow  group  around  the  central  gray 
matter.  Soon  other  finer  bundles  appear,  which  describe  wider  curves  on  the  outer  side  of 
the  coarser  group  imtil  a  very  large  part  of  each  lateral  half  of  the  medulla  is  seen  to  be 
traversed  by  these  arcuate  fasciculi.  As  they  approach  the  mesial  plane  they  come  in 
contact  with  the  remains  of  the  anterior  basis-bundle,  which  at  this  level,  as  already 
mentioned,  lies  upon  the  dorsal  aspect  of  the  pyramid,  flattened  up  against  the  raphe. 
The  deep^rcuate  fibres  pierce  the  anterior  basis-bundle  obliquely,  and  in  the  interval 
between  it  and  the  corresponding  strand  of  the  opposite  side  they  decussate  in  the  middle 
line  with  the  deep  arcuate  fibres  of  the  opposite  side.  They  then  change  their  direction 
and  turn  upwards,  and  the  fillet,  as  already  stated,  takes  form  and  gradually  increases 
in  volume  as  it  ascends.  This  great  and  important  tract  is  thus  laid  down  between  the 
pyramid  and  the  an- 
terior basis -bundle  ;  Oracile  nucleus 
and  the  consequence 
of  this  is  that  the 
latter  tract  is  pushed 
still  further  back- 
wards, and  when  the 
fillet  is  fully  estab- 
lished it  comes  to  lie 
immediately  beneath 
the  gray  matter  of 
the  floor  of  the  fourth 
ventricle  (Fig.  341). 
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When  the  fillet 
is  fully  formed  three 
longitudinal  strands 
are  observed  traver- 
sing the  medulla, 
close  to  the  mesial 
plane.  From  before 
backwards  these 
are:  (1)  the  pyramid, 

(2)  the  fillet,  and 

(3)  the  posterior 
longitudinal  bundle. 

The  pyramid 
forms    a  massive 

tract  quite  distinct  from  the  fillet,  which  lies  behind  it.  The  fillet  and  the 
posterior  longitudinal  bundle  are,  in  the  first  instance,  not  marked  off  from  each 
other.  They  appear  as  a  broad  flattened  band  applied  to  the  raphe.  One  edge 
of  this  band  is  directed  backwards  and  reaches  the  gray  matter  on  the  floor  of 
the  fourth  ventricle,  while  the  other  edge  looks  forwards,  and  is  in  contact  with 
the  pyramid.  In  the  upper  part  of  the  medulla  the  fillet  and  the  posterior  longi- 
tudinal fasciculus  begin  to  draw  asunder  from  each  other.  The  intermediate 
longitudinal  fibres  become  reduced  in  number  and  the  two  strands  grow  denser — 
the  one  on  the  dorsal  aspect  of  pyramid,  and  the  other  immediately  beneath  the 
gray  matter  of  the  floor  of  the  fourth  ventricle  (Fig.  341). 


Fig.  340. — Transverse  Section  through  the  Human  Medulla  in  the 
Lower  Olivary  Region. 
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The  posterior  longitudinal  bundle  (fasciculus  longitudinalis  medialis)  is  thus 
largely  formed  out  of  fibres,  wliicli  in  the  cord  constitute  the  anterior  basis-bundle. 
These  fibres  are  thrust  back  by  the  two  decussations :  the  first  decussation  pushing 
them  behind  the  pyramids,  and  the  second  decussation  displacing  them  still  further 
backwards  to  a  position  behind  the  fillet. 

Olivary  Nuclei. — The  most  conspicuous  of  the  isolated  clumps  of  gray  matter 
in  the  medulla  are  the  inferior  olivary  nucleus  and  the  two  accessory  olivary 
nuclei.  The  inferior  olivary  nucleus  (nucleus  olivaris  inferior)  lies  subjacent  to  the 
olivary  eminence,  and  constitutes  a  very  striking  object  in  transverse  sections 
through  this  region.  It  presents  the  appearance  of  a  thick  wavy  or  undulating  line 
of  gray  matter,  folded  on  itself,  so  as  to  enclose  a  space  filled  with  white  matter. 
It  is  in  reality  a  crumpled  lamina  arranged  in  a  purse-like  manner,  with  an  open 
mouth  or  slit,  which  is  called  the  hilum  (hilum  nuclei  olivaris),  directed  towards  the 
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Fig.  341. — Transverse  Section  through  the  Middle  of  the  Olivary  Region  of  the  Human  Medulla 

OR  Bulb. 

The  floor  of  the  fourth  ventricle  is  seen,  and  it  will  be  noticed  that  the  restiform  body  on  each  side  has 

now  taken  definite  shape. 

mesial  plane.  The  hilum  does  not  reach  either  extremity,  so  that  in  transverse 
sections  through  each  end  of  the  nucleus  the  gray  lamina  is  seen  in  the  form  of  a 
completely  closed  capsule.  Into  and  out  of  the  open  mouth  of  the  olivary  capsule 
streams  a  dense  crowd  of  fibres.  These  constitute  what  is  called  the  olivary 
peduncle. 

The  accessory  olivary  nuclei  are  two  band-like  laminte  of  gray  matter,  which 
are  respectively  placed  on  the  dorsal  and  mesial  aspects  of  the  main  nucleus.  In 
transverse  section  each  of  these  nuclei  presents  a  rod-like  appearance. 

The  mesial  accessory  olivary  nucleus  (nucleus  olivaris  accessorius  mesialis)  extends 
lower  down  in  tlie  medulla  tlian  tlie  main  nucleus,  and  it  is  much  larger  in  its  lower  tlian 
its  upper  part.  It  begins  immediately  above  tlie  decussation  of  the  pyramids,  where  it  is 
seen  lying  immediately  on  the  outer  side  of  the  pyramidal  tract  ^nd  the  anterior  basis- 
bundle  (Fig.  338).  Higher  up  it  lies  across  the  mouth  of  the  main  nucleus  and  on  the 
outer  side  of  the  fillet.  The  dorsal  accessory  olivary  nucleus  (nucleus  olivaris  accessorius 
dorsalis)  is  placed  close  to  the  dorsal  aspect  of  the  main  nucleus.  It  begins  at  the  level 
at  which  the  main  olive  first  presents  a  hilum,  and  it  comes  to  an  end  at  the  level  at 
which  the  central  canal  opens  into  the  fourth  ventricle.  The  two  accessory  nuclei  fuse 
together  before  they  finally  disappear. 

The  gray  matter  forming  the  tliree  inferior  olivary  nuclei  is  crowded  with  small  round 
cells,  each  of  which  is  provided  with  one  axon  and  numerous  dendrites.    It  is  traversed 
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by  fibres,  some  of  which  pass  straight  through  the  gray  lamina,  whilst  others  end  in  con- 
nexion with  the  cells.  It  is  only  in  mammals  that  the  olivary  nuclei  are  found  well 
developed. 

As  the  fibres  of  the  fillet  decussate  and  assume  a  longitudmal  direction  they 
come  to  lie  between  the  olivary  nuclei  of  opposite  sides,  and  hence  the  term  inter- 
olivary  stratum  (stratum  interolivare  lemnisci)  is  frequently  applied  to  them. 

Restiform  Body  (corpus  restiforme). — The  gracile  and  cuneate  nuclei  gradually 
give  place  to  the  restiform  body  in  the  upper  part  of  the  posterior  district  of  the 
medulla.  Fibres  from  various  quarters  converge  to  form  this  great  strand.  It  first 
takes  shape  as  a  thin  superficial  layer  of  longitudinal  fibres,  which  are  gathered 
together  on  the  outside  of  the  cuneate  nucleus ;  but  after  that  nucleus  has  come 
to  an  end,  and  as  the  upper  part  of  the  medulla  is  reached,  the  restiform  body 
is  seen  to  have  grown  into  a  massive  strand,  which  presents  a  kidney-shaped  or 
oval  outline  on  transverse  section  (Fig. 
341),  and  which  ultimately  enters  the  white 
central  core  of  the  cerebellum  as  its  inferior 
peduncle.  The  fibres  which  build  up  the 
restiform  body  are  the  following:  (1)  the 
direct  cerebellar  tract ;  (2)  the  posterior  super- 
ficial arcuate  fibres ;  (3)  the  anterior  super- 
ficial arcuate  fibres  ;  and  (4)  cerebello-olivary 
fibres. 

The  direct  cerebellar  tract  extends  upwards 
from  the  lateral  column  of  the  cord.  In  the 
lateral  district  of  the  medulla  it  occupies  a 
similar  position ;  but  before  the  olivary 
eminence  is  reached  it  inclines  backwards, 
crosses  the  postero-lateral  furrow,  and  passes 
obliquely  upwards  into  the  restiform  body. 
As  its  fibres  diverge  backwards  they  pass  over 
the  tubercle  of  Kolando  and  cover  up  the 
spinal  root  of  the  trigeminal  nerve  and  the 
substantia  Rolandi,  thus  shutting  them  out 
from  the  surface.  The  fibres  of  the  direct  cerebellar  tract  enter  into  the  outer 
or  superficial  part  of  the  restiform  body. 

The  posterior  superficial  arcuate  fibres  take  origin  from  the  gracile  and  cuneate 
nuclei,  and  enter  the  superficial  part  of  the  restiform  body  of  the  same  side. 

The  anterior  superficial  arcuate  fibres  proceed  from  the  lower  portions  of  the 
gracile  and  cuneate  nuclei  of  the  opposite  side.  After  decussating  in  the  middle 
line,  it  can  easily  be  determined  that  all  the  deep  arcuate  fibres  which  arise  from 
these  nuclei  do  not  enter  the  fillet.  A  large  proportion  of  them  gain  the  surface  by 
sweeping  round  the  inner  aspect  of  the  pyramid  in  the  antero-mesial  fissure.  Many 
of  them  likewise  gain  the  surface  by  piercing  the  pyramid  or  by  passing  out 
between  it  and  the  olive.  These  fibres  constitute  the  anterior  superficial  arcuate 
group,  and  on  the  surface  of  the  medulla  they  sweep  backwards  around  it,  forming 
a  thin  layer  over  the  olivary  eminence  and  ultimately  reaching  the  restiform  body. 
The  anterior  superficial  arcuate  fibres,  as  well  as  the  direct  cerebellar  tract-fibres, 
cover  over  the  trigeminal  spinal  root,  which  thus  comes  to  take  up  a  deeper  posi- 
tion in  the  substance  of  the  medulla  (Figs.  340  and  341). 

Amongst  tlie  fibres  which  reach  tlie  surface  of  the  medulla  in  this  way  KciUiker  includes 
fibres  from  the  striae  acusticae.  If  this  be  the  case,  these  fibres  connect  the  cochlear  nucleus 
with  the  cerebellum,  the  path  being  striae  acusticae,  superficial  arcuate  fibres,  and  restiform 
body  (vide  p.  481). 

The  fibres  of  the  direct  cerebellar  tract,  which  come  from  the  cells  of  the  posterior  vesicular 
column  of  the  cord,  and  the  superficial  posterior  arcuate  fibres,  which  are  derived  from  the  cells 
of  the  gracile  and  cuneate  nuclei,  do  not  cross  the  mesial  plane,  but  enter  the  restiform  body  of 
the  same  side.  The  anterior  superficial  arcuate  fibres  arise  from  the  cells  of  the  cuneate  and 
gracile  nuclei,  and  cross  the  mesial  plane  so  as  to  gain  the  restiform  body  of  the  opposite  side. 

The  cerebello-olivary  fibres  are  only  seen  in  the  upper  part  of  the  medulla.  They 


Fig.  342.— Diagram, 

Wliich  shows  in  part  the  fibres  which  enter  into 
the  constitution  of  the  restiform  body. 
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form  the  deep  part  of  the  restiform  body  and  constitute  its  chief  bulk.  Streaming 
out  from  the  hihim  of  the  inferior  oHvary  nucleus,  they  cross  the  mesial  plane,  and 
on  the  opposite  side  of  the  medulla  they  either  pass  through  the  inferior  olivary 
nucleus  of  that  side  or  sweep  around  it.  Ultimately,  on  the  dorsal  aspect  of  the 
olivary  nucleus,  they  are  gathered  together  in  the  form  of  a  conspicuous  group  of 
arcuate  fibres,  which  curve  backwards  to  take  up  a  position  in  the  deep  part  of  the 
restiform  body.    In  passing  back,  they  traverse  the  spinal  root  of  the  trigeminal 
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Fig.  .343. — Diagram  op  the  Cerebello-Olivary  Fibres. 
(This  diagram  has  been  constructed  from  the  specimen  figured  on  page  458. ) 
N.X. ,  Vago-glossopharyngeal  nucleus.  N.XIL,  Hypoglossal  nucleus.  • 

nerve  and  break  it  up  into  several  separate  bundles.  The  cerebello-olivary  fibres  thus 
connect  the  inferior  olivary  nucleus  of  one  side  with  the  opposite  side  of  the 
cerebellum. 

Although  we  have  traced  the  cerebello-olivary  fibres  in  an  upward  direction  from  the-olive  to 
the  cereljellum,  it  is  right  to  state  that  in  all  probability  it  is  the  great  efferent  tract  of  the 
inferior  cerebellar  peduncle.  Its  fibres  are  believed  to  arise  in  the  cortex  of  tlie  cerebellum 
(probably  as  the  axons  of  the  cells  of  Purkinje)  and  to  descend  in  the  inferior  peduncle  to  estab- 
lish connexions  with  the  cells  of  the  olivary  nucleus  of  the  opposite  side.  The  destination  of  the 
axons  of  the  cells  of  the  inferior  olivary  nucleus  is  not  known  with  ceiitainty,  but  KoUiker  con- 
siders that  they  enter  the  lateral  column  of  the  cord.  Whilst  this  may  be  regarded  as  the 
generally  accej)ted  view  of  the  cerebello-olivary  fibres,  it  is  right  to  mention  that  Klimotf,  in  his 
recent  work  on  tlie  cerebellum,  maintains  that  they  are  aft'erent  in  their  function,  and  not 
eff'erent. 

Arcuate  Nucleus  (nucleus  arcuatus). — Immediately  above  the  decussation  of 
the  pyramids,  a  small  flattened  mass  of  gray  matter,  covered  by  superficial  arcuate 
fibres,  makes  its  appearance  on  the  ventral  or  superficial  aspect  of  the  pyramid 
(Fig.  338).  At  a  higher  level,  when  the  open  part  of  the  medulla  is  reached,  this 
gray  mass  shifts  its  position  and  comes  to  lie  upon  the  mesial  aspect  of  tlie 
pyramid,  and  thus  constitutes  the  immediate  boundary  of  the  antero-median 
fissure  (Fig.  341).  From  its  intimate  connexion  with  the  anterior  superficial 
arcuate  fibres,  as  they  sweep  out  from  the  antero-median  fissure,  it  receives  the 
name  of  the  arcuate  nucleus. 

The  nerve-cells  which  lie  in  its  midst  are  smaller  than  those  of  the  inferior  oli\'ary  nucleus, 
and  are  fusiform  in  sliape.  It  would  ajipear  that  large  numbers  of  tlie  anterior  superficial  arcuate 
fibres  end  in  this  nucleus,  whilst  others  take  origin  within  it.  Many  of  the  anterior  arcuate 
fibres,  however,  sweep  continuously  over  its  surface  and  bind  it  down  to  the  pyramid.  At  the 
upper  end  of  tlie  medulla  the  arcuate  nucleus  increases  in  size,  and  ultimately  it  becomes  con- 
tinuous with  the  gray  matter  of  the  ventral  part  of  the  pons. 
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Formatio  Reticularis. — Behind  the  olive  and  the  pyramid  is  the  formatio 
reticularis.  In  the  medulla  it  occupies  a  position  which,  to  a  large  extent,  corre- 
sponds with  that  of  the  lateral  column  in  the  spinal  cord.  In  transverse  section  it 
appears  as  an  extensive  area,  which  is  divided  into  a  lateral  and  a  mesial  field  by 
the  root  fascicles  of  the  hypoglossal  nerve  as  they  traverse  the  substance  of  the 
medulla  to  reach  the  surface.  In  the  lateral  portion  which  lies  behind  the  olive 
there  is  a  considerable  quantity  of  gray  matter,  continuous  with  that  in  the  cord, 
present  in  the  reticular  formation ;  it  is,  therefore,  called  the  formatio  reticularis 
grisea.  In  the  mesial  part  wliich  lies  behind  the  pyramid  the  gray  matter  is 
extremely  scanty,  and  the  reticular  matter  here  is  termed  the  formatio  reticularis 
alba. 

In  the  formatio  grisea  the  cells  which  are  scattered  thickly  amongst  the  intersecting  bundles 
of  fibres  correspond  to  the  strand-cells  of  the  cord.  They  possess  short  axons,  which  serve  to 
l)ind  different  levels  of  the  medulla  to  each  other.  They  therefore  constitute  association  fibres. 
Certain  conij^act  masses  of  gray  matter  are  also  seen  in  the  formatio  grisea.  Of  these  may  be 
mentioned  (a)  the  dorsal  accessory  olivary  nucleus,  which  has  been  already  described,  and  (b)  the 
nucleus  lateralis.  The  nucleus  lateralis  is  seen  in  the  region  between  the  olive  and  the  substantia 
gelatinosa  Rolandi.  In  the  upper  -pavt  of  the  medulla  it  gradually  becomes  diffuse  and  dis- 
appears. 

Except  in  the  immediate  vicinity  of  the  raphe,  the  formatio  alba  may  be  said  to 
be  devoid  of  cells.  The  mesial  accessory  olive,  however,  forms  an  isolated  compact 
mass  of  gray  matter  within  its  limits. 

The  nerve  fibres  which  traverse  the  formatio  reticularis  run  both  in  a  transverse 
and  a  longitudinal  direction.  The  transverse  fibres  are  the  deep  arcuate  fibres. 
The  longitudinal  fibres  are  derived  from  difterent  sources  in  the  two  fields.  In  the 
formatio  grisea  they  represent  to  a  large  extent  the  fibres  of  the  lateral  column  of 
the  cord,  after  the  removal  of  the  direct  cerebellar  and  the  crossed  pyramidal  tracts. 
They  consist,  therefore,  of  the  fibres  of  the  tract  of  Gowers  and  of  fibres  correspond- 
ing to  the  lateral  basis-bundle  of  the  cord.  In  the  formatio  alba  the  longitudinal 
fibres  are  the  tract  of  the  fillet  and  the  posterior  longitudinal  bundle,  both  of  which 
have  already  been  sufficiently  described. 

Central  Canal  and  the  Gray  Matter  which  surrounds  it. — The  central  canal, 
as  it  proceeds  upwards  tlirough  the  closed  part  of  the  medulla,  is  gradually  forced 
to  assume  a  more  dorsal  position,  owing  to  the  accumulation  of  fibres  on  its  ventral 
aspect.  First  the  decussation  of  the  pyramids,  and  then  the  decussation  of  the 
fillet,  both  of  which  take  place  in  front  of  the  canal,  tend  to  push  it  backwards ; 
and  the  formation  of  the  longitudinal  strands  in  which  these  intercrossings  result 
(viz.  the  pyramid  and  the  fillet),  together  with  the  continuation  upwards  of  the 
anterior  basis -bundle,  lead  to  a  great  increase  in  the  amount  of  tissue  which 
separates  it  from  the  anterior  surface  of  the  medulla.  In  the  closed  part  of  the 
medulla  it  is  surrounded  by  a  thick  layer  of  gray  matter,  which  is  continuous  with 
the  basal  portions  of  the  anterior  and  posterior  horns  of  gray  matter  in  the  cord. 
This  central  gray  matter  is  sharply  defined  on  each  side  by  the  deep  arcuate  fibres 
which  curve  forwards  and  inwards  around  it.  Finally,  the  central  canal  opens  on 
the  dorsal  aspect  of  the  medulla  into  the  cavity  of  the  fourth  ventricle.  The 
central  mass  of  gray  matter  which  surrounds  the  canal  in  the  closed  part  of  the 
medulla  is  now  spread  out  in  a  thick  layer  on  the  floor  of  the  fourth  ventricle,  and 
in  such  a  manner  that  the  portion  which  corresponds  to  the  basal  part  of  the 
anterior  horn  of  the  cord  is  situated  close  to  the  mesial  plane,  whilst  the  part  which 
represents  the  base  of  the  posterior  horn  occupies  a  more  lateral  position.  This  is 
important,  because  the  nucleus  or  origin  of  the  motor  hypoglossal  nerve  is  placed  in 
the  mesial  part  of  the  floor,  whilst  the  nuclei  of  termination  of  the  afferent  fibres  of 
tlie  vagus,  glosso-pharyngeal,  and  auditory  nerves  lie  in  the  lateral  part  of  the 
floor.    The  gray  matter  of  the  ventricular  floor  is  covered  by  ependyma. 

Three  Areas  of  Flechsig. — In  transverse  sections,  through  the  upper  open  part  of  the 
medulla,  the  root  fibres  of  tlie  hyjjoglossal  and  vagus  nerves  are  seen  traversing  the  substance  of 
the  medulla.  The  nucleus  of  origin  of  the  hypoglossal  is  placed  in  the  gray  matter  of  the  floor 
of  the  fourth  ventricle  close  to  the  mesial  plane  ;  the  nucleus  of  termination  of  the  vagus  is 
situated  in  the  gray  matter  of  the  ventricular  floor  immediately  to  the  outer  side  of  the  hypo- 
glossal nucleus.    From  these  luiclei  the  root-bundles  of  the  two  nerves  diverge  from  each  other 
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as  they  are  traced  to  tlie  surface  and  subdivide  tlie  substance  of  the  medulla,  as  seen  in  transverse 
section,  into  the  three  areas  of  Flechsig,  viz.  an  anterior,  a  lateral,  and  a  jiosterior. 

The  anterior  area,  which  is  bounded  internally  by  the  median  raphe  and  externally  by  the 
hypoglossal  roots,  2)resents  within  its  limits :  (a)  the  formatio  alba ;  (b)  the  pyramid  ;  (c)  the 
fillet ;  (d)  the  posterior  longitudinal  fasciculus  ;  (e)  the  mesial  accessory  olivary  nucleus  ;  (/)  the 
arcuate  nucleus. 

Tlie  lateral  area  lies  between  the  rof)t  fibres  of  the  hypoglossal  and  those  of  the  vagus.  It 
contains  :  (a)  the  inferior  olivary  nucleus  ;  (ft)  the  dorsal  accessory  olivary  nucleus  ;  (c)  the  nucleus 
lateralis ;  (d)  the  nucleus  ambiguus,  or  the  motor  nucleus  of  the  vagus  and  glosso-pharyngeal 
nerves  ;  («)  the  formatio  reticularis  grisea. 

The  posterior  area  is  situated  behind  the  vagus  roots,  and  within  its  limits  are  seen  :  (1)  the 
restiforni  l_)()dy  ;  (2)  the  ujjj^er  part  of  the  cuneate  nucleus  ;  (3)  to  the  inner  side  of  this  a  crowd 
of  transversely-cut  bundles  of  fibres,  loosely  arranged  and  forming  the  descending  root  of  tlie 
vestiljular  part  of  the  auditory  nerve  ;  (4)  close  to  these,  but  placed  more  deeply,  a  round,  com- 
pact, and  very  conspicuous  bundle  of  transversely- cut  fibres,  viz.  the  fasciculus  solitarius,  or 
descending  root  of  the  vagus  and  glosso-pharyngeal  nerves  ;  (5)  the  substantia  gelatinosa  Rolandi, 
much  reduced,  with  the  large  spinal  root  of  the  trigeminal  nerve  close  to  its  outer  side. 

INTERNAL  STRUCTURE  OF  THE  PONS  VAROLII. 

When  transverse  sections  are  made  through  the  pons,  it  is  seen  to  be  composed 
of  a  ventral  part  and  a  dorsal  or  tegmental  part.  The  ventral  part  is  much  the 
larger  of  the  two,  and,  broadly  speaking,  it  corresponds  to  the  pyramidal  portions 
of  the  medulla  and  the  pedal  portions  of  the  two  crura  cerebri,  which  lie  above  it  and 
appear  to  issue  from  it.  The  dorsal  tegmental  part  may  be  regarded  as  the  con- 
tinuation upwards  of  the  formatio  reticularis  grisea  and  the  formatio  reticularis 
alba.  As  these  parts  are  traced  upwards  into  the  pons  they  become  much  modified, 
and  new  constituents  are  added. 

Ventral  Part  of  the  Pons  (pars  basilaris  pontis). — This  constitutes  the  chief 
bulk  of  the  pons.  It  is  composed  of :  (1)  transverse  fibres  arranged  in  coarse 
bundles ;  (2)  longitudinal  fibres,  gathered  together  in  massive  bundles ;  and  (3)  a 
large  amount  of  gray  matter,  termed  the  nucleus  pontis,  which  fills  up  the  inter- 
stices between  the  intersecting  bundles  of  fibres. 

The  longitudinal  fibres,  to  a  large  extent,  consist  of  the  same  fibres  which,  lower 
down,  are  gathered  together  in  the  two  solid  pyramidal  tracts  of  the  medulla. 
When  the  pyramids  are  traced  upwards  they  are  seen  to  enter  the  pons  in  the 
form  of  two  compact  bundles.  Soon,  however,  they  become  broken  up  into 
smaller  bundles  by  the  transverse  fibres  of  the  pons,  and  are  spread  out  over  a 
wider  area.  At  the  upper  border  of  the  pons  they  again  come  together  and  form 
two  solid  strands,  each  of  which  is  carried  into  the  central  part  of  the  correspond- 
ing pedal  portion  of  the  crus  cerebri. 

The  transverse  fibres  at  the  lower  border  of  the  pons  are  placed  on  the  super- 
ficial or  ventral  aspect  of  the  pyramidal  bundles.  As  we  proceed  upwards  they 
increase  in  number,  and  many  are  seen  breaking  through  the  pyramids  and  even 
passing  across  upon  the  dorsal  aspect  of  the  latter.  Laterally  these  transverse 
fibres  are  collected  together  into  one  compact  mass,  which  enters  the  white  central 
core  of  the  cerebellum  and  constitutes  the  middle  cerebellar  peduncle.  At  the 
mesial  plane  the  transverse  fibres  of  the  two  sides  of  the  ventral  portion  of  the 
pons  intercross  and  form  a  coarse  decussation. 

Tlie  gray  matter  (the  nucleus  pontis)  forms  a  considerable  part  of  the  bulk  of 
the  ventral  portion  of  the  pons.  It  is  packed  into  the  intervals  between  the  inter- 
secting transverse  and  longitudinal  bundles. 

There  is  a  close  analogy  between  the  pyramidal  portions  of  the  medulla  and  the  ventral 
part  of  the  pons.  In  the  medulla  fine  arcuate  fibres  on  their  way  to  the  surface  pass  tlirough 
the  pyramids.  Other  superficial  arcuate  fibres  sweep  over  the  surface  of  the  pyramids.  These 
present  a  strong  resemblance  to  the  transverse  fibres  of  the  pons.  They  likewise  reach 
the  cerebellum,  although  by  a  different  route,  viz.  the  inferior  cerebellar  peduncle.  The 
nucleus  pontis  is  also  represented  in  the  pyramidal  part  of  the  medulla  by  the  arcuate 
nuclei,  which  are  covered  over  by  the  superficial  arcuate  fibres  and  even  tend  to  penetrate, 
to  a  slight  extent,  into  the  pyi'amidal  tracts.  These  arcuate  nuclei,  as  already  pointed  out, 
ai'e  continuous  with  the  nucleus  pontis. 

Connexions  of  the  Longitudinal  and  Transverse  Fibres. — Our  knowledge  of 
the  connexions  of  the  longitudinal  and  transverse  fibres  of  the  ventral  part  of  the  pons  is 
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very  far  from  being  complete.  When  a  transverse  section  through  the  upper  part  of  the 
pons*  is  compared  with  one  close  to  its  lower  border,  it  becomes  at  once  apparent  that  the 
numerous  scattered  bundles  of  longitudinal  fibres  which  enter  the  ventral  part  of  the  pons 
from  above,  if  brought  together  into  one  tract,  would  form  a  strand  very  much  larger  than 
the  two  pyramids  which  leave  its  lower  aspect  and  enter  the  medulla.  It  is  clear,  there- 
fore, that  many  of  the  longitudinal  fibres  which  pass  into  the  pons  from  above  do  not  pass 
out  from  it  below  into  the  medulla.  What  becomes  of  these  fibres  that  are  thus  absorbed  in 
the  pons  1    It  is  known  that  the  pyramidal  bundles  suffer  a  small  loss  by  the  fibres  which 
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they  send  to  the  nuclei  of  origin  of  the  efferent  nerves  which  arise  within  the  pons  (viz.  the 
motor  root  of  the  fifth,  the  sixth,  and  seventh  nerve  nuclei) ;  but  this  loss  is,  comparatively 
speaking,  trifling.  It  is  clear,  therefore,  that  other  longitudinal  bundles  enter  the  pons 
from  above  than  those  which  form  the  pyramidal  tracts.  These  bundles  occupy  a  lateral 
and  dorsal  position  in  the  ventral  part  of  the  pons,  and  may  be  termed  the  cortico  pontine 
fibres,  seeing  that  they  are  supposed  to  come  from  the  cerebral  cortex  and  end  in  fine 
ramifications  around  the  cells  of  the  nucleus  pontis. 

The  transverse  fibres  are  of  two  kinds,  viz.  :  (1)  those  which  arise  in  the  cortex  of  the 
cerebellum ;  and  (2)  those  which  take  origin  in  the  nucleus  pontis.  The  former  are  the 
axons  of  certain  of  the  cells  of  the  cortex  of  the  cerebellum  (cells  of  Purkinje).  They  come 
chiefly  from  the  lateral  hemisphere,  but  also  to  some  extent  from  the  central  lobe  of  the  cere- 
bellum, and  enter  the  pons  by  the  middle  peduncle.  They  end  in  fine  ramifications  around 
the  cells  of  the  nucleus  pontis,  some  on  the  same  side  as  the  peduncle  through  which  they 
reach  the  pons,  but  the  majority  in  the  gray  matter  of  the  opposite  side. 

The  transverse  fibres  which  arise  in  the  pons  take  origin  as  axons  of  the  cells  of  the 
nucleus  pontis.  Crossing  the  mesial  plane,  they  enter  the  middle  peduncle  of  the  opposite 
side,  and  thus  reach  the  cerebellar  cortex,  where  they  end  in  ramifications  round  certain 
of  the  cortical  cells.  The  middle  peduncle  thus  contains  both  efferent  and  afferent  cere- 
bellar fibres,  and  no  fibres  pass  continuously  through  the  pons  from  one  middle  peduncle 
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into  the  otlier.  In  opposition  to  this  view,  Klinioff  holds  that  the  middle  peduncle  is 
composed  solely  of  centripetal  or  afferent  fibres,  which  pass  from  the  nucleus  pontis  to  the 
cerebellum.    Some  of  these  fibres  are  crossed  and  others  direct. 

Certain  of  the  transverse  fibres  of  the  pons  turn  backwards  and  enter  the  dorsal  or 
tegmental  part  of  the  pons,  but  the  precise  connexions  of  these  are  doubtful. 

Corpus  Trapezoides. — This  name  is  applied  to  a  gi-oup  of  transverse  fibres 
which  traverse  the  lower  part  of  the  pons.  They  are  quite  distinct  from  those 
which  have  been  just  described  as  entering  the  middle  peduncle  of  the  cerebellum, 
and  they  lie  in  the  boundary  between  the  dorsal  and  ventral  parts  of  the  pons,  but 
encroaching  considerably  into  the  ground  of  the  former.  They  arise  from  the 
cells  of  the  terminal  nucleus  of  the  cochlear  division  of  the  auditory  nerve,  and  con- 
stitute a  tract  which  establishes  certain  central  connexions  for  that  nerve.  They 
will  be  more  fully  described  when  we  treat  of  the  cerebral  connexions  of  the 
auditory  nerve. 

Dorsal  or  Tegmental  Part  of  the  Pons  (pars  dorsalis  pontis). — On  the  dorsal 
surface  of  tlie  tegmental  part  of  tlie  pons  there  is  spread  a  thick  layer  of  gray 
matter,  covered  by  ependyma,  which  forms  the  floor  of  the  upper  or  pontine 
part  of  the  fourth  ventricle.  Beneath  this  the  mesial  raphe  of  the  medulla  is 
continued  up  into  the  pons,  so  as  to  divide  its  tegmental  part  into  two  symmetrical 
halves. 

In  the  lower  part  of  the  pons,  immediately  beyond  the  medulla,  the  restiform 
body  is  placed  on  the  outer  side  of  the  tegmental  part.  In  transverse  sections 
through  the  pons  it  appears  as  a  large,  massive  oval  strand  of  fibres  which  gradually 
inclines  backwards  into  the  cerebellum,  and  thus  leaves  the  pons.  Between  the 
restiform  body  and  the  median  raphe  the  tegmental  part  of  the  pons  is  composed 
of  formatio  reticularis,  continuous  with  the  same  material  in  the  medulla.  Thus 
arcuate  or  transverse  fibres,  curving  in  towards  the  raphe,  and  also  longitudinal 
fibres,  are  seen  breaking  through  a  mass  of  gray  matter  which  occupies  the  inter- 
stices of  the  intersecting  fibres.  To  the  naked  eye  the  formatio  reticularis  presents 
a  uniform  gray  appearance,  but  its  constituent  parts  are  revealed  by  low  powers  of 
the  microscope  in  properly-stained  and  prepared  specimens.  Embedded  in  this 
formatio  reticularis  are  various  clumps  of  compact  gray  matter  and  certain  definite 
strands  of  fibres.  These  we  shall  describe  as  we  pass  from  the  restiform  body 
inwards  towards  the  median  raphe. 

(1)  Spinal  root  of  the  trigeminal  nerve  and  the  substantia  gelatinosa  Rolandi. — 
Close  to  the  inner  side  of  the  restiform  body,  but  separated  from  it  by  the  vesti- 
bular root  of  the  auditory  nerve  as  it  passes  backwards  through  the  pons,  is  seen  a 
large  crescentic  group  of  coarse  transversely-divided  bundles  of  fibres.  This  is  the 
spinal  root  of  the  fifth  nerve,  and  applied  to  its  inner  concave  side  is  a  small  mass 
of  gray  matter,  which  is  the  direct  continuation  upwards  of  the  substantia  gelatinosa 
Eolandi. 

(2)  The  nucleus  of  the  facial  or  seventh  nerve  comes  next.  It  is  sunk  deeply 
in  the  tegmental  part  of  the  pons  and  lies  close  to  the  transverse  fibres  of  the 
corpus  trapezoides.  It  is  a  conspicuous,  obliquely  placed,  ovoid  clump  of  gray 
matter.  Erom  its  outer  and  dorsal  aspect  the  root-fibres  of  the  facial  nerve 
stream  backwards  and  inwards  towards  the  gray  matter  on  the  floor  of  the  fourth 
ventricle.  Passmg  forwards  between  this  nucleus  and  the  substantia  Rolandi  a 
solid  nerve-bundle  may  be  observed.  This  is  the  facial  nerve,  traversing  the  pons 
towards  iJiS  place  of  emergence  from  the  brain. 

(3)  Immediately  internal  to  the  facial  nucleus,  but  ])laced  more  deeply  in  the 
tegmental  part  of  the  pons,  is  the  superior  olivary  nucleus  (nucleus  olivaris  superior). 
It  lies  in  a  bay  formed  for  it  by  the  transverse  fibres  of  the  corpus  trapezoides. 
These  fibres  curve  round  its  ventral  aspect,  and  many  of  them  may  be  observed  pene- 
trating into  its  substance.  In  man  it  is  a  very  small  mass  of  gray  matter,  and 
presents  little  resemblance  to  the  inferior  olivary  nucleus,  except  in  the  size  and 
shape  of  its  constituent  cells.  In  sections  through  the  part  of  the  pons  where  it 
attains  its  greatest  size,  it  appears  in  the  form  of  two,  or  it  may  be  three,  small 
isolated  clumps  of  gray  matter.  It  is  intimately  connected  with  tlie  trapezial 
fibres,  many  of  which  end  in  it,  whilst  others  take  origin  within  it. 
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Upon  the  inner  and  dorsal  aspect  of  the  superior  olive  there  is  a  dense  group  of  longitudinal 
dbres.  These  constitute  the  central  tegmental  tract;  but  as  j)i'ecise  information  in  regard  to 
its  connexions  is  still  to  a  large  extent  wanting,  it  is  not  necessary  to  do  more  than  indicate  its 
fiosition. 

(4)  The  posterior  longitudinal  bundle  and  the  fillet  come  next.  As  they  proceed 
upwards  through  the  tegmental  part  of  the  pons,  these  longitudinal  tracts  occupy 
the  same  relative  position  as  in  the  medulla.  They  are  placed  close  to  the  median 
raphe ;  but  they  have  drawn  further  apart,  from  each  other,  and  their  fibres  are 
more  distinctly  concentrated  into  separate  strands,  with  an  interval  of  some  little 
width  between  them.  The  posterior  longitudinal  bundle  lies  immediately  under 
cover  of  the  gray  matter  of  the  floor  of  the  fourth  ventricle.  The  fillet  is  placed 
close  to  the  trapezial  fibres,  many  of  which  traverse  it  as  they  pass  towards  the 
mesial  plane. 

(5)  The  nucleus  of  the  sixth  nerve  also  forms  a  conspicuous  object  in  sections 
through  the  lower  part  of  the  pons.  It  is  a  round  mass  of  gray  matter,  which  lies 
close  to  the  outer  side  of  the  posterior  longitudinal  bundle,  and  immediately  under 
cover  of  the  gray  matter  of  the  floor  of  the  fourth  ventricle.  From  its  inner 
side  numerous  root  -  bundles  of  the  sixth  nerve  pass  out  and  proceed  forwards 
between  the  fillet  and  the  superior  olivary  nucleus.  They  occupy  in  the  pons, 
therefore,  a  position  similar  to  that  occupied  by  the  hypoglossal  root-fibres  in  the 
medulla. 

LTp  to  the  present  only  the  lower  part  of  the  tegmental  portion  of  the  pons 
has  been  described,  i.e.  the  portion  immediately  adjoining  the  medulla.  As  we 
proceed  upwards  and  gain  a  point  above  the  level  of  the  trapezial  fibres,  many  of 
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the  structures  which  have  attracted  attention  lower  down  gradually  disappear 
from  the  formatio  reticularis.  The  posterior  longitudinal  bundle,  the  fillet,  and 
the  spinal  root  of  the  fifth  nerve,  however,  are  still  carried  upwards.    Further,  the 
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tloor  of  the  fourth  ventricle  becomes  narrower,  and  other  objects  appear  in  tlie 
tegmental  substance. 

The  superior  cerebellar  peduncle  (bracliium  conjunctivum)  is  a  very  con- 
spicuous object,  in  sections,  through  the  middle  and  upper  parts  of  the  pons.  In 
transverse  section  it  presents  a  semilunar  outline,  and  as  it  emerges  from  the 
cerebellum  it  lies  immediately  on  the  outer  side  of  the  fourth  ventricle,  towards 
which  its  concave  aspect  is  turned  (Fig.  345).  Its  dorsal  border  is  joined  with  the 
corresponding  peduncle  of  the  opposite  side  by  the  thin  lamina  of  white  matter, 
termed  the  superior  medullary  velum,  whilst  its  ventral  border  is  sunk  to  a  small 
extent  in  the  dorsal  part  of  the  pons.  As  it  is  traced  upwards  it  sinks  deeper  and 
deeper  into  the  pons  until  it  becomes  completely  submerged,  with  the  exception 
of  the  posterior  border  to  which  the  superior  velum  is  attached.  It  now  lies  on 
the  outer  side  of  the  tegmental  or  reticular  substance  of  the  pons,  and  this  position 
it  maintains  until  the  mesencephalon  is  reached  (Fig.  34G). 

About  half-iuay  up  the  pons  the  nuclei  of  the  trigeminal  or  fifth  cranial  nerve 
mark  a  very  important  stage  in  its  tegmental  portion.  These  nuclei  are  two  in 
number  on  each  side,  viz.  a  large  oval  terminal  nucleus  for  certain  of  the  sensory 
fibres  of  the  nerve  and  a  nucleus  of  oiigin  equally  conspicuous  for  certain  of  the 
motor  fibres  (Fig.  345).  The  sensory  nucleus  lies  close  to  the  outer  surface  of  the  pons, 
deeply  surd<  in  its  tegmental  part,  and  in  the  interval  between  the  submerged 
anterior  border  of  the  superior  cerebellar  peduncle  and  the  ventral  part  of  the  pons. 
The  motor  nucleus  is  placed  on  the  inner  side  of  the  sensory  nucleus,  but  somewhat 
nearer  the  dorsal  surface  of  the  pons.  At  this  level  the  spinal  root  of  the  fifth 
nerve  disappeai's  by  joining  the  fibres  of  the  sensory  portion.  The  two  roots  of 
the  fifth  nerve  traverse  the  ventral  part  of  the  pons  on  theii'  way  to  and  from  the 
region  of  the  nuclei. 

Above  the  level  of  the  nuclei  of  the  trigeminal  nerve  a  new  tract  of  fibres 
comes  into  view.  This  is  the  mesencephalic  root  of  the  fifth  nerve,  as  it  descends 
to  join  the  emerging  fibres  of  the  motor  part  of  the  fifth  nerve.  It  is  a  small 
bundle  of  nerve  fibres,  semilunar  in  cross  section,  which  lies  close  to  the  inner  side 
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of  the  superior  cerebellar  peduncle  and  on  the  outer  and  deep  aspect  of  the  gray 
matter  on  the  floor  of  the  fourth  ventricle  (Figs.  346  and  347). 

On  a  slightly  deeper  plane  than  the  mesencephalic  root  of  the  fifth  nerve, 
between  it  and  the  posterior  longitudinal  bundle,  and  in  close  relation  to  the  gray 
matter  on  the  floor  of  tlie  ventricle,  is  the  collection  of  pigmented  cells  which  con- 
stitute the  substantia  ferruginea. 
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The  posterior  longitudinal  bundle,  as  it  is  traced  upwards  through  the  tegmental 
part  of  the  pons,  maintains  the  same  position  throughout,  and  as  it  ascends  it 
becomes  more  clearly  mapped  out  as  a  definite  and  distinct  tract.  It  lies  close 
to  the  mesial  raphe  and  immediately  subjacent  to  the  gray  matter  of  the  floor  of 
tlie  fourth  ventricle. 

The  fillet  as  it  ascends  through  the  tegmental  part  of  the  pons  undergoes 
striking  changes  in  shape.  In  the  lower  portion  of  the  pons  its  fibres,  which  in 
the  medulla  are  spread  out  along  the  side  of  the  median  raphe,  are  collected 
■together  in  the  form  of  a  loose  bundle,  which  occupies  a  wide  field,  somewhat 
triangular  in  shape,  on  either  side  of  the  median  raphe  and  immediately  l)ehind 
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Fig.  347. — Two  Sections  through  the  Tegmentum  op  the  Pons  at  its  Upper  Part,  close  to 

THE  Mesencephalon. 
A  is  at  a  slightly  lower  level  than  B. 

the  ventral  portion  of  the  pons.  As  it  proceeds  up,  the  fibres  spread  out  laterally 
until  a  compact  ribbon-like  layer  is  formed  in  the  interval  between  the  tegmental 
and  ventral  portions  of  the  pons.  This  constitutes  what  is  termed  the  mesial 
fillet  (Figs.  346  and  ;:!47). 

Above  the  level  of  the  trigeminal  nuclei  another  flattened  layer  of  fibres  comes 
into  view  to  the  outer  side  of  the  mesial  fillet.  To  this  the  name  of  lateral  fillet  is 
given.  These  fibres  spread  outwards  and  backwards,  and  finally  take  up  a  position 
on  the  outer  surface  of  the  superior  cerebellar  peduncle.  In  the  angle  between 
the  mesial  and  lateral  fillets  a  little  knot  of  compact  gray  matter,  termed  the  lateral 
fillet  nucleus,  comes  into  view  (Fig.  346).  This  appears  to  be  in  more  or  less  direct 
continuity  with  the  superior  olivary  nucleus.  Many  of  the  fibres  of  the  lateral 
fillet  take  origin  in  this  nucleus.  Bruce  has  called  attention  to  the  continuity 
between  the  superior  olive  and  the  lateral  fillet  nucleus  in  man,  and  the  writer 
can  confirm  his  statement  in  so  far  as  the  orang;  brain  is  concerned. 


THE  CEREBELLUM. 

The  cerebellum  lies  behind  the  pons  Varolii  and  the  medulla  oblongata,  and 
below  the  hinder  portions  of  the  cerebral  hemispheres,  from  which  it  is  separated 
by  the  intervening  partition  of  dura  mater,  termed  the  tentorium  cerebelli.  It  is 
distinguished  by  the  numerous  parallel  and  more  or  less  curved  sulci,  which 
traverse  its  surface  and  give  it  a  foliated  or  laminated  appearance.  It  is  composed 
of  a  cortex  of  gray  matter  (substantia  corticalis)  spread  over  its  surface,  with  white 
matter  in  the  interior,  forming  a  central  core  (corpus  meduUare). 

In  the  cerebellum  we  recognise  a  median  portion  termed  the  vermis,  and  two 
much  larger  lateral  portions,  called  the  lateral  hemispheres  (hemisphairia  cerebelli). 
The  demarcation  between  these  main  subdivisions  of  the  organ  is  not  very  evident 
from  every  point  of  view.    In  front,  and  also  behind,  there  is  a  marked  deficiency 
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or  notch.  The  posterior  notch  (incisura  cerebelli  posterior)  is  smaller  and  narrower 
than  the  anterior  notch.  It  is  bonnded  laterally  by  the  lateral  hemispheres,  whilst 
its  bottom  is  formed  by  the  median  lobe  or  vermis.  It  is  occupied  by  a  fold  of 
dura  mater,  called  the  falx  cerebelli.  The  anterior  notch  (incisura  cerebelli  anterior) 
is  wide  and  shallow,  and,  when  viewed  from  above,  it  is  seen  to  be  occupied  by  the 


Tuber  valvula;  Posterior  notch 


Fig.  348. — Upper  Surface  of  the  Cerebellum. 

inferior  quadrigeminal  bodies  and  by  the  superior  peduncles  of  the  cerebellum. 
As  in  the  case  of  the  hinder  notch,  its  sides  are  formed  by  the  lateral  hemispheres 
and  the  bottom  by  the  vermis. 

On  the  superior  surface  of  the  cerebellum  there  is  little  distinction  to  be  noted 
between  the  median  lobe  and  the  upper  surface  of  each  lateral  hemisphere.  On 
this  aspect  the  median  lobe  receives  the  name  of  superior  vermis,  and  it  forms  a 
high  median  elevation,  from  which  the  surface  slopes  gradually  downwards  on  each 
side  to  the  margin  of  the  hemisphere.  The  superior  vermis  is  highest  in  front, 
immediately  behind  the  anterior  notch,  and  from  this  it  inclines  dowuwai^ds  towards 
the  posterior  notch.  This  elevation  of  the  superior  worm  is  frequently  called  the 
monticulus  cerebelli.  The  folia  on  the  surface  of  the  superior  vermis  are  thicker 
and  fewer  in  number  than  those  on  the  upper  surface  of  the  lateral  hemisphere. 
It  is  this  which  gives  it  the  worm-like  appearance  from  which  it  derives  its 
name. 

On  the  inferior  surface  of  the  cerebellum  the  distinction  between  the  three 
constituent  parts  of  the  organ  is  much  better  marked  (Fig.  349).  On  this  aspect 
the  lateral  hemispheres  a,re  full,  prominent,  and  convex,  and  are  separated  by  a 
deep  mesial  hollow,  which  is  continued  forwards  from  the  posterior  notch.  This 
hollow  is  termed  the  vallecula  cerebelli,  and  in  its  fore-part  is  lodged  the  medulla 
oblongata.  When  the  medulla  is  raised  and  the  lateral  hemispheres  are  pulled 
apart,  so  as  to  expose  the  bottom  of  the  vallecula,  it  will  be  seen  that  this  is 
formed  by  the  vermis  inferior,  and,  further,  that  the  latter  is  separated  on  each 
side  from  the  corresponding  lateral  hemisphere  by  a  distinct  furrow,  termed  the 
sulcus  valleculse. 

Sulci  Cerebelli. — Certain  of  the  fissures  which  traverse  the  surface  of  the 
cerebellum  are  deeper  and  longer  than  the  others,  and  they  map  out  districts  which 
are  termed  lobes.  The  most  conspicuous  of  all  these  clefts  is  the  great  horizontal 
fissure. 

The  great  horizontal  fissure  (sulcus  horizontalis  cerebelli)  of  the  cerebellum 
begins  in  front  and  passes  continuously  round  the  circumference  of  the  organ, 
cutting  deeply  into  its  outer  and  posterior  margin.  In  front,  its  lips  diverge  to 
enclose  the  three  cerebellar  peduncles  as  they  pass  into  the  interior  of  the 
cerebellum.  The  great  horizontal  fissure  divides  the  organ  into  an  upper  and  a 
lower  part,  which  may  be  studied  separately. 
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Lobes  on  the  Upper  Surface  of  the  Cerebellum. — When  examined  from 
before  backwards,  the  superior  vermis  presents  the  following  subdivisions :  (1)  the 
lingula ;  (2)  the  central  lobule  (lobulus  centralis) ;  (3)  the  culmen  monticuli ;  (4)  the 
clivus  monticuli ;  (5)  the  folium  cacuminis  (folium  vermis).  With  the  exception  of 
the  lingula,  each  of  these  is  continuous  on  either  side,  with  a  corresponding  district 
on  the  upper  surface  of  the  hemisphere,  thereby  forming  a  cerebellar  lobe.  Thus 
the  central  lobule  is  prolonged  outwards  on  either  side  in  an  expansion  called  the 
ala  ;  the  culmen  constitutes  the  median  connecting  piece  between  the  two  anterior 
crescentic  lobules  of  the  hemispheres ;  the  clivus  stands  in  the  same  relation  to  the 
two  posterior  crescentic  lobules ;  and  the  folium  cacuminis  is  the  connecting  band 
between  the  postero-superior  lobules  of  the  hemispheres. 

The  lingula  can  only  be  seen  when  the  part  of  the  cerebellum  which  forms  the 
bottom  of  the  anterior  notch  is  pushed  backwards.  It  consists  of  four  or  five  small 
folia  continuous  with  the  gray  matter  of  the  vermis  superior,  which  are  prolonged 
forwards  on  the  upper  surface  of  the  superior  medullary  velum  in  the  interval 
between  the  two  superior  cerebellar  peduncles. 

Lobus  Centralis  with  its  Alae. — The  lobulus  centralis  lies  at  the  bottom  of 
the  anterior  cerebellar  notch,  and  is  only  seen  to  a  very  small  extent  on  the  upper 
surface  of  the  organ.  It  is  a  little  median  mass  which  laterally  is  prolonged  out- 
wards for  a  short  distance  round  the  anterior  notch  in  the  form  of  two  expansions, 
termed  the  alte. 

Lobus  Culminis. — The  culmen  monticuli  constitutes  the  highest  part  or  summit 
of  the  monticulus  of  the  vermis  superior.  It  is  prolonged  outwards  on  either  side 
into  the  lateral  hemisphere  as  the  anterior  crescentic  lobule.  This  is  the  most 
anterior  subdivision  on  the  upper  surface  of  the  hemisphere.  The  two  anterior 
crescentic  lobules,  with  the  culmen  monticuli,  form  the  lobus  culminis  cerebelli. 

Lobus  Clivi. — The  clivus  monticuli  lies  behind  the  culmen,  from  which  it  is 
separated  by  a  strongly  marked  fissure,  and  it  forms  the  sloping  part  or  descent  of 
the  monticulus  of  the  vermis  superior.  On  each  side  it  is  continuous  with  the 
posterior  crescentic  lobule  of  the  lateral  hemisphere,  and  the  three  parts  are  included 
under  the  one  name  of  lobus  clivi. 

The  two  crescentic  lobulea  on  tlie  upper  surface  of  the  hemisphere  are  sometimes  classed 
together  and  described  as  the  lobulus  quadrangularis. 

Lobus  Cacuminis. — The  folium  cacuminis  forms  the  most  posterior  part  of  the 
vermis  superior,  and  it  thus  bounds  the  great  horizontal  fissure  superiorly  at  the 
posterior  notch.  It  is  a  single  folium,  the  surface  of  which  may  be  smooth  or  beset 
with  rudimentary  secondary  folia.  It  is  the  median  connecting  link  between  the 
two  postero-superior  lobules  of  the  hemispheres,  the  three  parts  forming  the  lobus 
cacuminis.  As  the  folium  cacuminis  is  traced  outwards  into  the  postero-superior 
lobule,  it  is  found  to  expand  greatly,  and  as  a  result  of  this  the  postero-superior 
lobule  on  each  side  forms  an  extensive  foliated  district  bounding  the  great  hori- 
zontal fissure  above. 

Lobes  on  the  Under  Surface  of  the  Cerebellum.— The  connexion  between 
the  several  parts  of  the  inferior  vermis  and  the  corresponding  districts  on  the 
under  surface  of  the  two  hemispheres  is  not  nearly  so  distinct  as  in  the  case  of  the 
vermis  superior  and  the  lobules  on  the  upper  surface  of  the  hemispheres.  A 
groove,  the  sulcus  valleculse,  intervenes  between  the  vermis  inferior  and  the 
hemisphere  on  each  side. 

From  behind  forwards  the  following  subdivisions  of  the  vermis  inferior  may  be 
recognised:  (1)  the  tuber  valvulse  (tuber  vermis);  (2)  the  pyramid  (pyramis);  (3) 
the  uvula  ;  (4)  the  nodule  (nodulus). 

On  the  under  surface  of  the  hemisphere  there  are  four  main  lobules  mapped  out 
by  intervening  fissures.  From  before  backwards  these  are:  (1)  the  flocculus,  a 
little  lobule  lying  upon  the  middle  peduncle  of  the  cerebellum ;  (2)  the  biventral 
lobule  (lobulus  biventer),  which  is  placed  immediately  behind  the  flocculus  and  is 
partially  divided  into  two  parts  by  a  curved  fissure  which  traverses  its  surface ; 
(3)  the  tonsil  or  amygdala  (tonsilla),  a  rounded  lobule  whicli  bounds  the  vallecula 
on  the  inner  side  of  the  biventral  lobule ;  (4)  the  postero-inferior  lobule,  which  is 
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situated  behind  the  biventral  lobule  and  bounds  the  great  horizontal  fissure 
below. 

Tliese  lobules,  with  the  corresponding  portions  of  the  vermis  inferior,  constitute 
the  lobes  on  tlie  under  aspect  of  the  cerebellum. 

Lobus  Noduli. — The  lobus  noduli  comprises  the  nodule  and  the  fiocculus  of 


I  Pyramid  Tuber  valvula> 

Fig.  349. — Lower  Surface  of  the  Cerebellum. 
The  tonsil  on  the  right  .side  has  been  removed  so  as  to  display  more  fully  the  inferior  medullary  velum  and 

the  furrowed  band. 

each  side,  with  a  delicate  connecting  lamina  of  white  matter,  termed  the  inferior 
medullary  velum. 

Lobus  Uvulae. — The  uvula  is  a  triangular  elevation  of  the  vermis  inferior 
which  lies  between  the  two  tonsils.  It  is  connected  across  the  sulcus  valleculiB 
with  each  tonsil  by  a  low-lying  ridge  of  gray  matter  scored  by  a  few  shallovV^' 
furrows,  and  in  consequence  termed  the  furrowed  band.  The  two  tonsils  and  the 
uvula  form  the  lobus  uvuke. 

Lobus  Pyramidis. — ^The  pyramid  is  connected  with  the  biventral  lobule  on 
each  side  by  a  faint  ridge  which  crosses  the  sulcus  valleculie.  The  term 
lobus  pyramidis  is  applied  to  the  three  lobules,  which  are  thus  associated  with 
each  other. 

Lobus  Tuberis. — The  tuber  valvulte,  which  forms  the  most  posterior  part  of 
the  vermis  inferior,  is  composed  of  several  folia  which  run  directly  into  ■  the 
postero-inferior  lobule  on  each  side.  The  three  parts  of  the  lobus  tuberis  are 
thus  linked  together.  The  postero-inferior  lobule  is  traversed  by  three  curved 
fissures,  which  divide  it  more  or  less  distinctly  into  four  parts.  Of  these  the  two 
anterior  form  the  lobulus  gracilis,  and  the  two  posterior  ■  the  lobulus  semilunaris 
inferior. 

Arrangement  of  the  Gray  and  White  Matter  of  the  Cerebellum. — The  white 
matter  of  the  cereljelhun  forms  a  solid  compact  mass  in  the  interior,  and  over  this 
is  spread  a  continuous  and  uniform  layer  of  gray  matter.  In  each  lateral  hemi- 
sphere the  white  central  core  is  more  bulky  than  in  the  median  lobe  or  worm,  in 
which  the  central  white  matter  is  reduced  to  a  relatively  thin  bridge  thrown 
across  between  the  two  lateral  hemispheres.  The  white  matter  in  the  interior  of 
the  median  lobe  or  worm  is  termed  the  corpus  trapezoides.  When  sagittal  sections 
are  made  through  the  cerebellum,  the  gray  matter  on  the  surface  stands  out  clearly 
from  the  white  matter  in  the  interior.  Further,  from  all  parts  of  the  surface  of 
the  central  core  stout  stems  of  white  matter  are  seen  projecting  into  the  lobes  of 
the  cerebellum.  From  the  sides  of  these  white  stems  secondary  branches  proceed 
at  various  angles,  and  from  these  again  tertiary  branches  are  given  off.  (3ver  the 
various  lamellae  of  white  matter  thus  formed  the  gray  cortex  is  spread,  and  the 
fissures  on  the  surface  show  a  corresponding  arrangement,  dividing  up  the  organ 
into  lobes,  lobules,  and  folia.    AVhen  the  cerebellum  is  divided  at  right  angles  to 
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Fig.  350. — Sagittal  Section  through  this  Left  Lateral  Hemisphere 
THE  Cerebellum, 
Showing  the  "arbor  vitse  "  and  the  corpus  dentatum. 


the  general  direction  of  its  fissures  and  folia,  a  higlily  arborescent  appearance  is 
thus  presented  by  the  cut  surface.    To  this  the  term  arbor  vitse  cerebelli  is  applied. 

Corpus  Dentatum  and  other  Gray  Nuclei  in  the  White  Matter  of  the 
Cerebellum. — Embedded  in  the  midst  of  the  mass  of  white  matter  which  forms  the 
central  core  of  each  lateral  hemisphere  there  is  an  isolated  nucleus  of  gray  matter, 

which  presents  a  Cuhnen  u.onticuli 

strong  resem- 
blance to  the  in- 
ferior olivary 
nucleus  of  the 
medulla.  It  is 
called  the  corpus 
dentatum  (nucleus 
dentatus),  and  it 
consists  of  a 
corrugated  or 
plicated  lamina 
of  gray  matter, 
which  is  folded 
on  itself  so  as  to 
enclose,  in  a  flask- 
like manner,  a 
portion  of  the 
central  white 

matter.  This  gray  capsule  is  not  completely  closed.  It  presents  an  open  mouth, 
termed  the  hilum,  whicli  is  directed  inwards  and  upwards,  and  out  of  this  stream 
the  great  majority  of  the  fibres  of  the  superior  cerebellar  peduncle. 

Three  small  additional  masses  of  gray  matter  are  also  present  on  either  side  of  the  mesial 
plane  in  the  central  white  matter  of  the  cerebellum.  These  are  termed  the  nucleus  emboli- 
formis,  the  nucleus  globosus,  and  the  nucleus  fastigii.  The  nucleus  emboliformis  or  embolus  is  a 
small  lamina  of  gray  matter  Avhich  lies  immediately  internal  to  the  hilum  of  the  corpus  dentatum, 
being  thus  related  to  it  somewhat  in  the  same  manner  that  the  mesial  accessory  olivary  nucleus 
is  related  to  the  main  inferior  olivary  nucleus.  The  nucleus  globosus  lies  internal  to  the  embolus 
and  on  a  somewhat  deeper  horizontal  plane.  The  nucleus  fastigii  or  roof  nucleus  is  placed  in 
the  white  substance  of  the  worm  (corjjus  trapezoides)  close  to  the  mesial  plane  and  its  fellow  of 
the  opposite  side.    It  is,  therefore,  situated  on  the  mesial  aspect  of  the  nucleus  globosus. 

Although  isolated  from  the  gray  matter  of  the  surface,  these  small  nuclei  and  the  corpus 
dentatum  are  connected  at  certain  points  with  each  other.  The  corpus  dentatum  and  the 
embolus  present  a  structure  very  similar  to  that  of  the  inferior  olivary  nucleus.  In  the  nucleus 
globosus  and  the  nvicleus  fastigii  the  cells  are  somewhat  larger  in  size. 

Cerebellar  Peduncles. — These  are  three  in  nmnber  on  each  side,  viz.  the 
middle,  the  inferior,  and  the  superior.  The  fibres  of  which  they  are  composed  all 
enter  or  emerge  from  the  white  medullary  centre  of  the  cerebellum. 

The  middle  peduncle  is  much  the  laigest  of  the  three,  and  has  already  been 
described  on  pp.  450  and  462.  It  is  formed  by  the  transverse  fibres  of  the  pons, 
and  it  enters  the  cerebellar  hemisphere  on  the  outer  aspect  of  the  other  two 
peduncles.  The  lips  of  the  anterior  part  of  the  great  horizontal  fissure  are 
separated  widely  from  each  other  to  give  it  admission.  Within  the  cerebellar 
hemisphere  its  fibres  are  distributed  in  two  great  bundles.  Of  these,  one,  com- 
posed of  the  upper  transverse  fibres  of  the  pons,  radiates  out  in  the  lower  part  of 
the  hemisphere ;  whilst  the  other,  consisting  of  the  lower  transverse  fibres  of  the 
pons,  spreads  out  in  the  upper  part  of  the  hemisphere.  -  , 

The  inferior  peduncle  is  simply  the  restiform  body  of  the  medulla.  -  After 
leaving  the  medulla  it  ascends  for  a  short  distance  on  the  dorsal  surface  of  the 
pons  and  then  turns  sharply  backwards,  to  enter  the  cerebellum  between  the  other 
two  peduncles. 

'The  superior  peduncle,  as  it  issues  _froin  the  cerebellum,  lies  close  to  the  inner 
side  of  the  middle  peduncle  (Fig.  349).  Its  further  course  upwards  on  the  dorsum 
of  the  pons  to  the  inferior  quadrigeminal  body  has  been  previously  described  (p.  451). 

-The  fibres  of  the  middle 


Connexions  established  by  the  Peduncular  Fibres.- 

30  a- 
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peduncle  are  both  afferent  and  efferent.  The  connexions  winch  they  estabhsh  in  the 
pons  are  described  on  p.  463.  The  efferent  fibres  arise  from  cells  in  the  gray  cortex  of  the 
lateral  hemisphere  (also  probably  to  some  small  extent  in  the  cortex  of  the  vermis),  and 
end  in  connexion  with  the  cells  of  the  nucleus  pontis,  and  likewise  in  the  tegmental  part 
of  the  pons.  The  afferent  fibres,  arising  in  the  pons,  end  in  the  gray  cortex  of  the  lateral 
hemisphere  of  the  cerebellum,  and  perhaps  also  in  the  cortex  of  the  worm. 

The  inferior  peduncle  is  also  composed  of  afferent  and  efferent  fibres  (see  p.  459) ;  only 
the  more  important  connexions  which  these  establish  in  the  cerebellum  can  be  touched  on 
here.  The  principal  afferent  sti'and  is  the  direct  cerebellar  tract.  The  fibres  of  this 
strand  end  in  the  cortex  of  the  superior  worm  on  both  sides  of  the  mesial  plane,  but 
chiefly  on  the  opposite  side.  The  principal  efferent  tract  consists  of  the  cerehello-olivary 
fibres,  and  the  precise  origin  of  these  is  doubtful.  It  appears  probable  that  they  come 
from  cells  in  the  cortex  of  both  the  worm  and  hemisphere,  and  also  from  cells  in  the 
nucleus  dentatus.  The  numerous  arcuate  fibres  which  enter  the  inferior  peduncle  establish 
connexions  with  cells  in  the  cortex  of  the  lateral  hemisphere  and  of  the  worm. 

The  superior  peduncle  is  an  efferent  tract.  The  majority  of  its  fibres  come  from 
the  cells  of  the  nucleus  dentatus,  whilst  a  small  proportion  appear  to  come  from  the  cere- 
bellar cortex.  According  to  Risien  Russell,  the  fibres  which  form  the  dorsal  edge  of  the 
band  come  from  the  opposite  side  of  the  cerebellum  and  cross  the  mesial  plane  to  join  the 
peduncle. 

Our  knowledge  of  the  connexions  of  the  peduncles  of  the  cerebellum  has  been  greatly 
extended  by  Ferrier  and  Aldren  Turner  ;  and  the  account  which  is  given  above,  and  also  at 
p.  463,  is  largely  derived  from  their  memoir  on  this  subject. 

As  already  mentioned,  the  views  of  Klimoff  upon  the  cerebellar  connexions  do  not  coincide 
with  those  exjjressed  above.  He  Ijelieves  that  the  efferent  tracts  to  the  parts  above  (viz.  the 
mesencephalon  and  cerebrum)  are  the  sui^erior  cerebellar  tracts ;  whilst  the  efferent  tracts  to  tlie 
parts  below  are  the  direct  sensory  cerebellar  tracts  of  Ediuger  {vide  p.  482),  which  spring  from 
the  vermis  and  pass  down  to  Deiters's  nuclei.  From  these  internodes  tracts  pi'oceed  downwards 
in  the  antero-lateral  columns  of  the  cord  as  far  as  the  lumbar  region.  These  latter  are  termed 
Lowenthal's  anterior  marginal  bundles.  Further,  according  to  Klimoff,  the  middle  and  inferior 
peduncles  are  entirely  afferent — the  foi'mer  binding  the  cerebellum  to  the  cerebral  cortex  through 
the  nucleus  pontis  as  an  internode,  and  the  latter  binding  it  to  the  medulla  and  cord.' 

Commissural  and  Association  Fibres. — In  addition  to  those  fibres  of  the  white 
medullary  centre  which  belong  to  the  system  of  peduncles,  there  are  others  which  have 
exclusively  cerebellar  connexions.  Thus  the  various  folia  are  boimd  together  by  numerous 
association  fibres,  which  pass  from  one  folium  into  another  around  the  bottom  of  the  inter- 
vening fissure.  Tracts  of  transversely-directed  commissural  fibres  cross  the  mesial  plane 
in  the  white  centre  of  the  vermis,  connecting  corresponding  parts  of  opposite  sides.  These, 
in  some  measure,  are  analogous  to  the  corpus  callosum  of  the  cerebrum.  The  roof  nuclei 
are  also  closely  bound  by  connecting  fibres  with  the  cortex. 

Medullary  Vela. — The  medullary  vela  are  closely  associated  with  the  cerebellar 
peduncles.  Tliey  consist  of  two  thin  laminte  of  white  matter,  which  are  projected 
out  from  the  white  central  core  of  the  cerebellum. 

The  superior  medullary  velum  is  described  on  p.  451.  Laterally,  it  is  continuous 
with  the  dorsal  edges  of  the  superior  cerebellar  peduncles ;  whilst,  inferiorly,  it 
is  prolonged  downwards  and  backwards  under  the  lingula  and  the  central  lobule  of 
the  superior  worm,  to  become  continuous  with  the  central  white  matter  or  corpus 
trapezoides  of  the  worm. 

The  inferior  medullary  velum  is  more  complicated  in  its  connexions.  It  presents 
much  the  same  relations  to  the  nodule  of  the  inferior  vermiform  process  that  the 
superior  velum  presents  to  the  lingula  of  the  superior  vermiform  process.  It  is  a 
wide  thin  lamina  of  white  matter — so  thin  that  it  is  translucent — which  is  pro- 
longed out  from  the  white  centre  of  the  cerebellum  above  the  nodule.  From  the 
nodule  it  stretches  outwards  to  the  flocculus  on  each  side,  thereby  bringing  these 
three  small  portions  of  the  cerebellum  into  association  with  each  other  (Fig.  ;M9). 
Where  it  issues  from  the  white  matter  of  the  cerebellum  it  is  in  contact  with  the 
superior  medullary  velum,  but,  as  the  two  laminte  are  traced  forwards,  they 
immediately  diverge  from  each  other.  The  superior  velum  is  carried  upwards 
between  the  two  superior  cerebellar  peduncles,  whilst  the  inferior  medullary  velum 
is  curved  forwards  and  then  downwards  round  the  nodule,  and  ends  at  a  variable 
point  in  a  free,  slightly  thickened,  crescentic  edge.     The  cavity  of  the  fourth 


THE  EOOF  OF  THE  FOUETH  VENTRICLE. 


473 


ventricle  is  carried  backwards  into  the  cerebellum  between  'the  two  vela,  which 
thus  form  a  peaked  and  tent-like  root  for  it. 

Relation  of  the  Tract  of  Gowers  to  the  Superior  Medullary  Velum.— The 

ascending  tract  of  Gowers  has  been  noticed  in  connexion  with  tiie  lateral  column  of  the 
cord  (p.  433).    The  fibres  which  compose  it  are  carried  upwards  through  the  formatio 

Middle  commissure  Taenia  thalami 


Choroid  plexus  ventricle  IV. 


Fig.  351. — Mesial -Section  through  the  Corpus  Callosum,  the  Mesencephalon,  the  Pons,  Medulla, 

AND  Cerebellum, 

Shovi'ing  the  third  and  fourtli  ventricles  joined  by  the  aqueduct  of  Sylvius. 

reticularis  grisea  of  the  medulla  and  the  corresponding  part  of  the  tegmental  portion  of 
the  pons.  In  this  part  of  its  course  the  fibres  are  scattered  and  do  not  form  a  compact 
strand.  Reaching  the  upper  end  of  the  pons  the  tract  turns  backwards,  enters  the 
superior  medullary  velum,  and  proceeds  downwards  in  it  into  the  cerebellum. 

Roof  of  the  Fourth  Ventricle. — In  its  upper  part  the  roof  of  the  fourth 
ventricle  is  formed  by  the  superior  medullary  velum  as  it  stretches  across  between 
the  two  superior  cerebellar  peduncles,  and  also,  to  some  extent,  by  the  approximation 
of  these  peduncles  themselves  as  they  approach  the  mesencephalon. 

In  its  lower  part  the  roof  of  the  ventricle  is  exceedingly  thin  and  is  not  all 
formed  of  nervous  matter.  The  inferior  medullary  velum  enters  into  its  formation, 
and,  where  this  fails,  the  epithelial  lining  of  the  cavity,  supported  by  pia  mater,  is 
carried  downwards  towards  the  lower  boundaries  of  the  floor  of  the  ventricle.  At 
the  lowest  part  of  the  calamus  scriptorius,  and  also  along  each  lateral  boundary  of 
the  floor,  a  ■  thin  lamina  of  white  matter  is  carried  for  a  short  distance  over  the 
epithelial  roof.  The  small  lamina  at  the  calamus  scriptoxnus  overhangs  the  opening 
of  the  central  canal,  and  is  termed  the  obex.  The  lamina  in  connexion  with  the 
lateral  boundary  of  the  ventricular  floor  is  more  extensive,  and  is  called  the  ligula 
{Figs.  333  and  335).  It  begins  on  the  clava  and  passes  upwards  over  the  cuneate 
tubercle  to  the  restiform  body.  On  the  outer  surface  of  the  restiform  body  it  turns 
outwards  so  as  to  bound  the  lateral  recess  of  the  ventricle  below,  and  in  some 
cases  it  may  be  seen  to  become  continuous  around  the  extremity  of  the  lateral 
recess  with  the  inferior  medullary  velum. 

A  short  distance  above  the  calamus  scriptorius  there  is,  in  the  mesial  plane,  an 
opening  in  the  epithelial  and  pial  roof  of  the  ventricle,  by  which  the  cavity  of  the 
ventricle  communicates  with  the  subarachnoid  space.  This  opening  is  termed  the 
foramen  of  Majendie.  There  is  also  an  aperture  of  a  similar  nature  in  the  epithelial 
and  pial  roof  at  the  extremity  of  each  lateral  recess. 

Two  choroid  plexuses,  or  highly  vascular  infoldings  of  the  pia  mater,  invaginate 
the  lower  part  of  the  roof  of  the  fourth  ventricle.    These  are  placed  one  on  either 
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side  of  the  mesial  plane,  and,  although  they  appear  to  lie  within  the  cavity,  they 
are  in  reality  excluded  from  it  by  the  epithelial  lining  of  the  ventricle,  which  covers 
over  and  is  adapted  to  every  sinuosity  on  their  surface. 

Two  lateral  oft'shoots  from  these  longitudinal  choroid  plexuses  proceed  outwards, 
and  protrude  in  a  similar  manner  into  the  lateral  recesses. 


Minute  Structure  of  a  Cerebellar  Folium. 

A  cerebellar  folium  is  composed  of  a  central  core  of  white  matter,  covered  by  a  layer  of 
gray  matter.  The  gray  cortex  is  arranged  in  two  very  evident  layers,  viz.  a  superficial 
molecular  layer  and  a  subjacent  rust-coloured  granular  layer.  Between  these  strata  a 
single  layer  of  large  cells,  termed  the  cells  of  Purkinje,  are  disposed  in  the  form  of  a 
very  nearly  continuous  sheet.  The  cells  of  Purkinje  constitute  the  most  characteristic, 
and  probably  the  most  essential,  constituents  of  the  cerebellar  cortex. 

The  cells  of  Purkinje  are  most  numerous  on  the  summit  of  the  folium,  and  at  the 
bottom  of  the  sulci  .which  intervene  between  the  folia  they  become  fewer  in  nund:)er,  and, 
therefore,  looser  in  their  arrangement.  Each  consists  of  a  large  flask-shaped  or  pyriform  cell 
body,  the  narrow  end  of  which  projects  into  the  molecular  layer,  whilst  the  thicker, 
deeper  end  rests  on  the  granular  layer.    From  the  latter  arises  a  single  axon,  which  passes 

into  the  granular  layer  and 
presents  the  peculiarity  of 
almost  immediately  assum- 
ing its  medullary  sheath. 
From  this  axon  a  few  col- 
lateral branches  soon  arise, 
which,  taking  a  recurrent 
course,  enter  the  molecular 
layer,  to  end  in  connexion 
with  certain  of  the  adjoin- 
ing cells  of  Purkinje.  They 
would  seem  to  have  the 
function  of  binding  together 
adjacent  cells,  and  thus  en- 
abling them  to  carry  on 
their  opei'ations  in  harmony 
with  eacli  other. 

The  dendritic  processes 
spring  from  the  narrow  end 
of  the  cell  either  in  the 
form  of  one  or  perhaps  two 
stout  stalks.  These  ascend 
into  the  molecular  layer, 
branching  and  rebranching 
until  an  arborescent  arrange- 
ment of  extraordinary  rich- 
ness and  extent  results. 
The  dendritic  branches  ex- 
tend throughout  the  entire 
thickness  of  the  molecular 
layer,  and  the  branching 
takes  place  in  one  plane 
only,  viz.  in  a  plane  which 
is  transverse  to  the  long  axis 
of  the  folium.  Consequently, 
it  is  only  when  transverse 
sections  are  made  through 
a  folium  that  the  full  den- 
dritic effect  is  obtained  ;  in 


Fig.  352. — Tra>-sverse  Skction  throdok  a  Cerebellar  Folium 
(after  Kolliker), 

Treated  by  the  Golgi  metliod. 

P.       A.xon  of  cell  of  Purkinje. 
F.       Moss  fibres. 

K  and  K^.  Fibres  from  white  core  of  folium  ending  iu  molecular  layer  in 

connexion  with  the  dendrites  of  the  cells  of  Purkinje. 
M.      Small  cell  of  the  molecular  layer. 
GR.    Granule  cell. 

GR.'  Axons  of  granule  cells  in  molecular  layer  cut  transversely. 
W.  Basket-cells. 

Basket-work  around  the  cells  of  Purkinje. 
Neuroglial  cell. 
Axon  of  an  association  cell. 


ZK. 
GL. 
N. 


sections  made  parallel  to  the  long  axis  of  the  folium  the  cells  are  seen  in  profile  and  are 
observed  to  occupy  quite  a  naiTow  area.  The  branching  of  the  dendrites  of  a  cell  of 
Purkinje  may,  therefore,  be  compared  to  that  which  takes  place  in  the  case  of  a  fruit-tree 
which  is  trained  against  a  wall. 

In  the  molecular  layer  the  cells  are  not  particularly  numerous,  and  of  these  the 
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most  cliaracteristic  are  the  basket-cells,  which  lie  in  the  deeper  part  of  the  hxyer.  In  addi- 
tion to  numerous  dendrites  the  basket-cell  gives  oft'  an  axon,  which  runs  transversely,  as 
regards  the  long  axis  of  the  folium,  between  the  planes  of  adjacent  dendritic  arborisations 
of  the  cells  of  Purkinje.  At  first  very  fine  these  axons  gradually  become  coarse  and 
thick,  and  at  intervals  they  give  oft"  collaterals,  which  run  towards  the  bodies  of  the  cells  of 
Purkinje.  Keaching  these,  they  break  up  into  an  enormous  number  of  fine  terminal 
branches,  which  enclose  the  cells  of  Purkinje,  as  well  as  the  short  non-medullated  portions 
of  their  axons,  in  a  close  basket-work  of  fine  filaments. 

The  granular  layer  is,  for  the  most  pai-t,  composed  of  large  numbers  of  small 
granule-like  bodies  closely  packed  together.  Each  of  these  possesses  a  somewhat  large 
nucleus,  with  a  very  small  amount  of  surrounding  protoplasm.  From  the  cell  body  three 
or  four,  or  perhaps  five,  dendrites  and  one  axon  proceed.  The  dendrites  are  short  and 
radiate  out  from  dift'erent  aspects  of  the  cell  body.  They  end  in  tufts  of  claw-like  twigs, 
which  either  embrace  or  are  otherwise  in  contact  with  neighbouring  granule-cells.  The 
whole  multitude  of  granule- cells,  therefore,  are  brought  into  intimate  connexion  with 
each  other.  The  axon  passes  into  the  molecular  layer,  in  which  it  ends  at  a  varying 
distance  from  the  surface  by  dividing  into  two 
'branches.  These  diverge  so  sharply  from  each 
other  that  they  almost  form  a  right  angle  with 
the  parent  stem,  and  they  run  parallel  to  the  long- 
axis  of  the  folium,  threading  their  way  between 
the  branches  of  the  various  dendritic  planes  of 
the  cells  of  Purkinje  and  entering  into  contact 
association  with  them.  When  the  great  number 
of  granule-cells  is  borne  in  mind,  and  the  fact 
that  each  sends  an  axon  into  the  molecular  layer, 
the  important  part  which  these  fibres,  with  their 
longitudinal  branches,  take  in  building  up  the 
molecular  layer  will  be  understood.  They  are 
found  pervading  its  entire  thickness — from  the 
surface  down  to  the  bodies  of  the  cells  of  Purkinje. 

Near  the  cells  of  Purkinje  a  few  scattered 
cells  are  seen  in  the  granular  layer  of  a  different 
kind.  These  are  much  larger  than  the  ordinary 
granule-cells,  and  are  probably  of  the  nature  of 
association  cells.  They  are  stellate  in  form,  and 
have  numerous  long  branching  dendrites  and  an 
axon  which  divides  up  in  the  granular  layer  to 
a  singular  extent. 

The  white  centre  of  the  folium  gradually 
becomes  thinner  as  it  approaches  the  summit.  P-    Cell  of  Purkinje. 
This  is  due   to  the  fibres  which  compose  it  S^-  Granule  cells. 

,1,        .     •      ,1  ,,  ,1  (.  Axon  01  a  grannie  cell, 

gradually  entermg  the  gray  matter  on  the  surface,  ^i.  Axons  of  granule  cells  in  molecular  layer. 
These  fibres  are  of  three  kinds,  viz.  :  (1)  axons 

of  the  cells  of  Purkinje;  (2)  fibres  which  apparently  end  in  the  granular  layer;  and 
(3)  fibres  which  end  in  the  molecular  layer. 

The  axons  of  the  cells  of  Purkinje  are  medullated  fibres  which,  entering  the  white 
centre  of  the  folium,  form  a  not  inconsiderable  part  of  it. 

The  fibres  which  end  in  the  granular  layer  are  called  moss-fibres.  This  name  is 
applied  to  them  because,  in  the  granular  layer,  they  pi'esent  at  certain  points  moss-like 
thickenings,  from  which  short  I'ough  twigs  proceed. 

The  fibres  which  proceed  into  the  molecular  layer  give  oft'  few  or  perhaps  no  branches 
as  they  traverse  the  granular  layer.  In  the  deeper  part  of  the  molecular  layer  they  break 
up  into  varicose  branches,  which  twine  around  the  primary  and  secondary  stems  of  the 
Purkinje  dendrites. 

Entering  into  the  constitution  of  the  molecular  layer  are  the  following  elements  :  (1) 
dendrites  of  the  cells  of  Purkinje  ;  (2)  basket-cells  and  somewhat  smaller  cells  nearer  the 
surface  ;  (3)  axons  of  the  granule-cells,  with  their  longitudinally  arranged  branches  ;  (4) 
the  terminations  of  certain  fibres  from  the  white  core  of  the  folium,  which  end  in  contact 
with  the  Purkinje  dendrites. 

In  the  granular  layer  are  found:  (1)  granule-cells;  (2)  larger  stellate  association 
cells  ;  (3)  axons  of  the  cells  of  Purkinje  ;  (4)  moss-fibres  ;  (5)  fibres  traversing  this  layer, 
to  end  in  the  molecular  layer. 


Fig.  353. — Section  thuough  the  Molecular 
AND  Ghandlar  Layers  in  the  Long  Axis 
OF  A  Cerebellar  Folium  (after  Kfilliker), 
Treated  by  the  Golgi  nietliod. 
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THE  DEEP  CONNEXIONS  OF  THE  CRANIAL  NERVES  ATTACHED  TO  THE 

MEDULLA  AND  PONS. 

There  are  twelve  pairs  of  cranial  nerves,  of  which  the  lower  eight  are  attached 
to  the  medulla  and  pons  Varolii.  From  above  downwards  these  are  named  the 
fifth  or  trigeminal,  the  sixth  or  abducent,  the  seventh  or  facial,  the  eighth  or 
auditory,  the  ninth  or  glosso-pharyngeal,  the  tenth  or  vagus,  the  eleventh  or  spinal 
accessory,  and  the  twelfth  or  hypoglossal.  The  hypoglossal,  the  spinal  accessory, 
the  greater  part  of  the  facial,  the  abdixcent,  and  the  motor  root  of  the  trigeminal 
are  efferent  nerves ;  the  auditory,  the  pars  intermedia  of  the  facial,  and  the  sensory 
root  of  the  trigeminal  are  purely  afferent  nerves ;  whilst  the  vagus  and  glosso- 
pharyngeal are  composed  of  both  efferent  and  afferent  fibres.  In  all  cases,  afferent 
filjres  arise  from  ganglionic  cells  placed  outside  the  brain  and  penetrate  the  brain- 
stem, to  end  in  connexion  with  the  cells  of  certain  nuclei  of  termination.  Efferent 
fibres,  on  the  other  hand,  take  origin  within  the  brain  as  the  axons  of  cells  which 
are  grouped  together  in  certain  places  in  the  form  of  nuclei  of  origin. 

Nuclei  of  Origin,  or  Motor  Nuclei. — In  the  spinal  cord  there  is  a  continuous 
nucleus  of  origin  or  column  of  cells  running  within  the  whole  length  of  the 
anterior  horn  of  gray  matter,  from  which  the  series  of  efferent  anterior  nerve- 
roots  take  origin.  In  the  medulla  and  pons  the  nuclei  of  origin,  or,  in  other 
words,  the  motor  nuclei,  become  discontinuous,  and  are  represented  by  certain 
more  or  less  isolated  clumps  of  compact  gray  matter,  in  which  are  placed  the 
clusters  of  cells  from  which  the  fibres  of  the  efferent  nerves  arise.  At  the  decus- 
sation of  the  pyramids,  the  anterior  horn  of  gray  matter  of  the  cord  is  broken 
up  by  the  intercrossing  bundles  into  a  detached  head  and  a  basal  part  which 
remains  in  relation  with  the  ventro-lateral  aspect  of  the  central  canal.  Certain 
of  the  efferent  or  motor  nuclei  of  the  medulla  and  pons  lie  in  the  line  of  the  basal 
portion  of  the  ventral  horn  of  gray  matter  of  the  spinal  cord,  and  thus  close  to 
the  mesial  plane.  These  are  termed  mesial  nuclei  of  origin,  and  are  met  with  at 
different  levels  in  the  brain-stem.  This  group  comprises  the  hypoglossal  nucleus, 
the  abducent  nucleus  (and,  in  the  mesencephalon,  the  trochlear  nucleus  and 
the  oculo-motor  nucleus).  Other  motor  nuclei  of  origin  are  present  in  the  form 
of  isolated  chmips  of  gray  matter,  which  lie  at  different  levels  in  the  medulla 
and  pons  in  the  line  of  the  detached  head  of  the  anterior  horn  of  gray  matter. 
They  are  the  medullary  nucleus  of  the  spinal  accessory,  the  nucleus  ambiguus  of 
the  vagus  and  glosso-pharyngeal,  the  facial  nucleus,  and  the  nucleus  of  the  motor 
root  of  the  trigeminal  nerve.  From  their  position  in  the  tegmental  substance  of 
the  medulla  and  pons,  they  constitute  a  group  to  which  the  name  of  lateral  motor 
nuclei  is  applied.  The  different  nuclei  of  origin  of  the  efferent  fibres  which  belong 
to  the  various  cranial  nerves,  both  mesial  and  lateral,  are  connected  with  the  motor 
area  of  the  cerebral  cortex  by  fibres  from  the  pyramidal  tract,  which  enter  the 
nuclei  and  end  in  connexion  with  their  cells. 

Nuclei  of  Termination. — In  the  brain  the  nuclei  of  termination  are  likewise 
discontinuous,  and  are  represented  by  more  or  less  isolated  clusters  of  cells.  Unlike 
the  motor  nuclei,  however,  these  nuclei  show  no  regular  or  definite  position  within 
the  medulla  and  pons.  Some  are  found  in  the  gray  matter  which  surrounds  the 
central  canal,  and,  in  its  continuation  upwards,  as  the  gray  matter  in  the  floor  of  the 
fourth  ventricle  ;  others  are  placed  in  the  tegmental  substance  ;  whilst  two  actually 
lie  on  the  surface  of  the  brain-stem,  viz.  the  lateral  and  ventral  nuclei  of  the 
cochlear  or  outer  division  of  the  auditory  nerve.  The  axons  of  the  cells  of  the 
nuclei  of  termination  enter  the  reticular  formation  of  the  tegmental  substance  as 
arcuate  fibres,  and,  crossing  the  mesial  plane,  are  carried  upwards  in  the  tegmental 
substance  of  the  opposite  side  to  establish  direct  or  indirect  connexions  with  the 
cerebral  cortex. 

Hypoglossal  Nerve  (nervus  hypoglossus). — The  nucleus  of  origin  of  the  hypo- 
glossal nerve,  the  motor  nerve  of  the  tongue,  lies  in  the  substance  of  the  medulla 
oblongata.  It  is  composed  of  several  groups  of  large  multipolar  cells,  which  closely 
resemble  the  cells  in  the  ventral  horn  of  gray  matter  in  the  spinal  cord,  and  is 
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pervaded  by  an  intricate  network  of  fine  fibrils.  In  form  it  is  elongated  and 
rod-like,  and  in  length  it  is  somewhere  abont  18  mm.  It  extends  from  a  point 
immediately  above  the  decussation  of. the  pyramids  up  to  the  level  of  the  strite 
acustica\  The  lower  portion  of  the  nucleus  is  thus  placed  in  the  closed  part  of  the 
medulla  (Fig.  340,  p.  457),  whilst  its  upper  part  is  situated  in  the  open  part  of  the 
medulla  (Fig.  343,  p.  460).  The  former  lies  in  that  part  of  the  central  gray  matter 
which  is  continuous  with  the  basal  part  of  the  ventral  horn  of  gray  matter  of  the 
cord.  It  is  thus  placed  on  the  ventral  and  lateral  aspect  of  the  central  canal, 
close  to  the  mesial  plane  and  the  correspondilig  nucleus  of  the  opposite  side.  The 
upper  part  of  the  nucleus  occupies  a  position  in  the  gray  matter  on  the  floor  of 
the  fourth  ventricle,  subjacent  to  the  surface  area,  which  has  been  described  under 
the  name  of  the  trigonum  hypoglossi.  Within  the  nucleus  the  axons  of  the  cells 
arrange  themselves  in  converging  bundles  of  fine  fibrils,  which  come  together  and 
leave  the  ventral  aspect  of  the  nucleus  as  the  fasciculi  of  the  nerve.  The  nerve 
bundles  thus  formed  traverse  the  entire  antero-posterior  thickness  of  the  medulla 
between  the  formatio  reticularis  grisea  and  the  formatio  reticularis  alba,  and 
emerge  on  the  surface  in  linear  order  at  the  bottom  of  the  furrow  between  the 
olivary  eminence  and  the  pyramid.  In  the  substance  of  the  medulla,  the  root- 
bundles  of  the  hypoglossal  pass  between  the  main  inferior  olivary  nucleus  and  the 
mesial  accessory  olivary  nucleus,  and  many  of  them  on  their  way  to  the  surface 
pierce  the  ventral  lamina  of  the  main  olivary  nucleus. 

No  decussation  between  the  nerves  of  opiDosite  sides  takes  place  in  the  medulla, 
but  commissural  fibres  pass  between  the  two  nuclei  (Kolliker).  Further,  numerous  fibres 
from  the  opposite  pyramidal  tract  enter  the  nucleus  and  end  in  connexion  with  its  cells. 
The  nucleus  is  thus  brought  into  connexion  with  the  motor  area  of  the  opposite  side  of 
the  cerebral  cortex. 

Spinal  Accessory  Nerve  (nervus  accessorius). — The  spinal  accessory  is  likewise 
a  motor  nerve,  and  it  is  generally  described  as  consisting  of  a  spinal  and  a 
medullary  or  accessory  part. 

The  spinal  part  of  the  nerve  emerges  by  a  series  of  roots,  which  issue  from  the 
surface  of  the  lateral  column  of  the  upper  part  of  the  cord  as  low  down  as  the  fifth 
cervical  nerve.  These  take  origin  in  a  column  of  cells  situated  in  the  anterior  horn 
of  gray  matter  of  the  cord  close  to  its  lateral  margin,  and  immediately  behind  the 
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Nerve  (after  Bruce).  „ 

Fig.  355. — Section  through  the  Upper  Part  op  the 
Cervical  Region  op  the  Cord  (Orang), 
Showing  the  origin  of  the  spinal  part  of  tlie  spinal  accessory 
nerve. 

nerve-cells  which  give  rise  to  the  fibres  of  the  anterior  roots  of  the  upper  five 
cervical  nerves.  The  cells  of  the  accessory  nucleus  are  large,  multipolar,  and  in 
every  respect  similar  to  the  motor  cells  of  the  spinal  nerves.    The  axons  from  these 
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cells  leave  tlie  dorsal  aspect  of  the  nucleus  in  converging  groups  to  form  the  root- 
bundles  of  the  nerve.  These,  in  the  first  place,  proceed  straight  backwards  in  the 
anterior  horn  of  gray  matter,  lieaching  the  bay  between  the  two  horns  of  gray 
matter,  they  t\un  sharply  outwards  into  the  white  matter  and  traverse  the  lateral 
column  to  gain  their  points  of  exit  from  the  cord.  At  the  decussation  of  the 
pyramids,  root-bundles,  which  join  the  spinal  accessory  nerve,  are  seen  to  proceed 
from  the  detached  head  of  the  anterior  horn  of  gray  matter. 

The  medullary  part  of  the  spinal  accessory  nerve  has  its  nucleus  of  origin  in  the 
medulla ;  and  its  root-bundles,  as  they  proceed  outwards  from  this,  can  be  distin- 
guished by  the  fact  that  they  pursue  a  course  on  the  ventral  side  of  the  spinal  root 
of  the  trigeminal  nerve,  whereas  the  vagus  roots,  with  which  they  are  apt  to  be 
confused,  pass  tluough  or  lie  on  the  dorsal  aspect  of  the  trigeminal  root  (Kolliker). 
The  nucleus  of  origin  of  the  medullary  part  of  tlie  accessory  nerve  is  formed  by  the 
same  colunni  of  cells  which  constitutes  the  nucleus  ambiguus,  and  which,  at  a  higher 
level,  gives  motor  fibres  to  the  vagus  and  glosso-pharyngeal  nerves. 

It  is  usual  to  describe  the  medullary  part  of  the  .spinal  accessory  nerve  as  arising  in  the 
nucleus  of  teriiiination  of  the  afferent  part  of  tlie  vagus.  In  the  present  state  of  oiu"  knowledge 
tliis  is  inconsistent  with  the  I'act  that  the  medullary  part  of  the  spinal  accessory  is  a  motor  nerve 
which  supj)lies  the  muscles  of  the  larynx,  etc.  Collaterals  and  fibres  of  the  opposite  pyramidal 
tract  end  in  connexion  with  the  cells  of  origin  of  the  accessory  nerve,  and  thus  bring  its  nucleus 
into  connexion  with  the  motor  area  of  the  cerebral  cortex.  Fibres  also  from  the  posterior  roots 
of  the  s])inal  nerves  (afferent  or  sensory  fibres)  end  in  the  nucleus. 

Vagus  and  Glosso-pharyngeal  Nerves  (nervus  vagus,  nervus  glosso-pharyngeus). 
— These  nerves  present  similar  connexions  with  the  brain,  and  they  may  therefore 
be  studied  together.  The  greater  part  of  both  nerves  is  composed  of  afferent  fibres, 
which  arise  outside  the  brain-stem  from  ganglionic  cells  placed  in  relation  to  the 
nerve-trunks.  Both  nerves  likewise  possess  motor  or  efferent  fibres,  which  spring 
from  a  special  nucleus  of  origin  situated  within  the  medulla  and  termed  the 
nucleus  ambiguus.  The  afferent  ganglionic  fibres  of  the  vagus  and  glosso-pharyngeal 
enter  the  brain  by  a  series  of  roots  which  penetrate  the  medulla  along  the  outer  or 
ventral  side  of  the  restiform  body.  Within  the  medulla  they  separate  into  two 
sets,  viz.  a  series  of  bundles  (chiefly  composed  of  vagus  fibres),  which  end  in  the 
nucleus  of  termination  of  the  vagus  and  glosso-pharyngeal  nerves,  and  another  series 
of  bundles  (chiefly  composed  of  glosso-pharyngeal  fibres),  which  join  a  conspicuous 
longitudinal  tract  of  fibres  called  the  fasciculus  solitarius. 

The  nucleus  of  termination  (Figs.  341,  p.  458,  and  .■)43,  p.  4G0)  of  the  vagus 
and  glosso  -  pharyngeal  nerves  very  nearly  equals  in  length  the  nucleus  of  the 
hypoglossal  nerve,  with  which  it  is  closely  related.  Above,  it  reaches  as  high  as 
tlie  strii3e  acusticte,  whilst  below  its  lower  end  falls  slightly  short  of  that  of  the 
hypoglossal  nucleus.  In  specimens  stained  by  the  Weigert-Pal  method  the  two 
nticlei  offer  a  marked  contrast.  The  hypoglossal  nucleus  presents  a  dark  hue, 
owing  to  the  enormous  numbers  of  fine  fibres  which  twine  in  and  out  amidst  its 
cells ;  the  vago-glosso-pharyngeal  nucleus  is  pale  from  the  scarcity  of  such  fibres 
within  it.  In  the  closed  part  of  the  medulla  the  vago-glosso-pharyngeal  nucleus 
lies  in  the  central  gray  matter  immediately  beliind  the  hypoglossal  nucleus ;  in 
the  open  part  of  the  medulla  it  lies  in  the  gray  matter  of  the  floor  of  the  fourth 
ventricle,  immediately  to  the  outer  side  of  the  hypoglossal  nucleus  and  subjacent 
to  the  surface  area  termed  the  trigonum  vagi.  Its  cells  are  spindle-shaped  in 
form  and  very  similar  to  those  found  in  the  posterior  horn  of  giay  matter  in 
the  cord.  In  connexion  with  these  cells,  the  greater  number  of  the  afferent  fibres 
of  the  vagus  nerve,  and  a  small  proportion  of  the  afferent  fibres  of  the  glosso- 
pharyngeal nerve  end  in  fine  terminal  arborisations.  A  small  part  of  the  upper 
portion  of  the  nucleus  may  be  said  to  belong  to  the  glosso-pharyngeal  nerve  and 
the  remainder  of  the  nucleus  to  the  vagus  nerve. 

Several  authorities  consider  the  nucleus  which  we  have  described  as  the  terminal 
nucleus  of  the  vagus  and  glosso-pharyngeal  to  be  in  reality  a  nucleus  of  origin,  and  to  give 
off  motor  fibres,  which  enter  these  nerves.  Quite  recently  Dr.  A.  Bruce  has  lent  to  this 
theory  the  weight  of  his  name  and  experience. 

The  fasciculus  solitarius  (Figs.  340,  p  457  ;  341,  p.  458;  and  343,  p.  4G0)  is  a 
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round  bundle  of  longitudinal  filtres  which  forms  a  ver)^  conspicuous  object  in  trans- 
verse sections  through  the  medulla.  It  begins  at  the  upper  Ihnit  of  the  medulla, 
and  can  be  traced  downwards  through  its  whole  length.  Its  precise  point  of 
termination  is  not  known,  but  it  is  believed  that  it  is  carried  for  some  distance 
downwards  into  the  upper  part  of  the  cord,  viz.  to  the  level  of  the  fourth  cervical 
nerve,  according  to  Kiilliker.  The  relations  of  the  fasciculus  solitarius  are  not 
the  same  in  all  parts  of  its  course.  It  lies  immediately  to  the  outer  side  of  the 
vago-glosso-pharyngeal  nucleus;  but  whereas  in  the  upper  part  of  the  medulla 
it  is  situated  somewhat  on  the  ventral  si'de  of  that  nucleus,  in  the  lower 
closed  part  of  the  medulla 
it  is  placed  on  its  doi'sal 
aspect.  Throughout  its 
entire  length  it  is  inti- 
mately associated  with  a 
column  of  gelatinous  gray 
substance  which  consti- 
tutes the  nucleus  of  ter- 
mination, in  which  its 
fibres  end.  When  traced 
from  above  downwards, 
the  solitary  tract  is  ob- 
served to  become  gradu- 
ally smaller  from  the 
loss  of  fibres  which  it 
thus  sustains.  The  great 
bulk  of  the  solitary  tract 
is  formed  of  fibres  derived 
from  the  glosso-pharyn- 
geal  nerve ;  only  a  few  of 
the  afferent  fibres  of  the 
vagus  enter  it.  As  the 
fibres  of  the  two  nerves 
join  the  tract  they  im- 
mediately turn  down- 
wards, and  at  different 
levels  come  to  an  end  in 
the  associated  gelatinous 
gray  nucleus. 

As  the  root-bundles  of 

the  vagus  and  the  glosso-  Fia.  .356. — Diagram,  showing  the  brain  connexions  of  the  vagus,  glosso- 

phai'yno'eal  nerves  traverse  pharyngeal,  auditory,  facial,  abducent,  and  trigeminal  nerves  (founded 

the    substance   of    the  on  a  somewhat  similar  diagram  by  Obersteiner). 

medulla  in  a  backward  and  inward  direction  to  reach  the  fasciculus  solitarius  and  the 
nucleus  of  termination,  they  pass  through  the  spinal  root  of  the  trigeminal  nerve  and  the 
substantia  gelatinosa  Rolandi  associated  with  it.  The  term  ascending  root  is  sometimes 
applied  to  the  fasciculus  solitarius ;  but  as  this  conveys  an  altogether  false  conception 
of  its  character,  it  should  be  discarded.  The  axons  of  the  nucleus  of  termination  and 
of  the  nucleus  of  the  fasciculus  solitarius  form  central  connexions  with  other  parts  of 
the  brain,  but  these  have  not  as  yet  been  completely  elucidated. 

The  nucleus  ambiguus  (Figs.  341,  p.  458,  and  343,  p.  460)  is  the  nucleus  of 
origin  of  the  motor  or  efferent  fibres  which  join  the  vagus  and  glosso-pharyngeal 
nerves.  The  cells  which  compose  it  are  large,  multipolar,  and  similar  in  every 
respect  to  the  large  cells  in  the  ventral  horn  of  gray  matter  of  the  spinal  cord. 
These  cells  are  arranged  in  a  slender  column  which  is  best  developed  in  the 
upper  open  part  of  the  medulla.  Here  the  nucleus  can  easily  be  detected  in 
transverse  sections  as  a  small  area  of  compact  gray  matter  which  lies  in  the 
formatio  reticularis  grisea,  midway  between  the  dorsal  accessory  olive  and  the  sub- 
stantia gelatinosa  Rolandi.    It  therefore  lies  more  deeply  in  the  substance  of  the 
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medulla  than  the  vago-glosso-pharyngeal  nucleus  of  termination.  Kolliker  states 
that  it  can  be  traced,  downwards  as  low  as  the  level  of  the  decussation  of  the 
fillet,  and  iipwards  as  high  as  the  place  of  entrance  of  the  cochlear  root  of  the 
auditory  nerve.  From  its  dorsal  aspect  the  axons  of  the  cells  proceed,  and  in  the 
first  instance  they  pass  backwards  towards  the  fioor  of  the  fourth  ventricle ;  then, 
bending  suddenly  outwards  and  forwards,  they  join  the  afferent  roots  of  the  vagus 
and  glosso-pharyngeal  nerves,  and  emerge  from  the  brain  in  company  with  these. 

Auditory  Nerve  (nervus  acusticus). — This  is  a  large  nerve  which  joins  the  brain 
at  the  lower  border  of  the  pons  Varolii  and  on  the  ventral  aspect  of  the  restiform 
body.  It  is  an  afferent  nerve,  and  its  fibres  spring  from  bipolar  ganglionic  cells 
either  within  or  in  the  immediate  neighbourhood  of  the  labyrinth  or  internal  ear 
(see  section  dealing  with  the  organs  of  sense).  Keaching  the  brain  the  auditory 
nerve  divides  into  two  parts,  viz.  the  nervus  cochlearis  and  the  nervus  vestibularis, 
which  present  totally  different  connexions  and  apparently  exercise  absolutely 
distinct  functions.  In  their  further  course  these  two  divisions  deviate  from  each 
other  so  as  to  embrace  the  restiform  body — the  vestibular  part  entering  the  pons 
on  the  inner  or  mesial  aspect  of  the  restiform  body,  whilst  the  cochlear  part 
sweeps  round  its  outer  surface.  Special  nuclei  of  termination  require  to  be 
studied  in  connexion  with  each  part  of  the  nerve. 

The  cochlear  nerve  is  composed  of  finer  fibres  than  the  vestibular  nerve, 
and  these  acquire  their  medullary  sheaths  at  a  later  period.  It  is  the  true  nerve 
of  hearing,  and  its  fibres  end  in  a  ganglion  which  lies  in  intimate  relation  to  the 
restiform  body,  and  which  may  be  described  as  consisting  of  two  parts.  Of  these 
one,  called  the  tuberculum  acusticum  or  the  lateral  cochlear  nucleus,  is  a  pyriform 

mass  which  is  placed  on 
the  outer  aspect  of  the 
restiform  body — between 
it  and  the  flocculus  I  of 
the  cerebellum.  The 
second  part,  termed  the 
ventral  cochlear  nucleus, 
does  not  extend  so  low 
down  as  the  tuberculum 
acusticum.  It  is  a  wedge- 
shaped  nuclear  mass  which 
is  placed  on  the  ventral 
aspect  of  the  restiform 
body  in  the  interval  be- 
tween the  cochlear  and 
vestibular  divisions  of  tlie 
auditory  nerve,  after  they 
have  separated  from  each 
other.  The  fibres  of  the 
cochlear  nerve  enter  these 
two  ganglia  and  end  around 
the  cells  in  terminal  arbor- 
isations, which  are  finer, 
closer,  and  more  intricate 
than  those  met  with  in 
any  other  nerve  nucleus 
in  the  brain. 

The  vestibular  nerve 
enters    the    brain   at  a 
Fia.  357.— Central  Connexions  of  the  Cochlear  and  Vestibular  slightly  higher  level  than 
Divisions  of  the  Auditory  Nerve.  tJie  cochlear  nerve  and  on 

(Diagram  founded  ou  drawings  by  Ediuger  and  Ferrier  and  Turner.)        ^j^^  ^^^^^-^^  ^^^^^^  ^j^^ 

ventral  cochlear  nucleus.  It  forces  its  way  backwards  through  the  pons  between 
the  restiform  body,  which  lies  on  its  outer  side,  .and  the  spinal  root  of  the 
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fiftli  nerve,  which  is  placed  on  its  inner  side.  Its  fibres  come  to  an  end  in  three 
nuclei  of  termination,  which  are  situated  in  the  dorsal  part  of  the  pons  and  medulla, 
Adz.  (1)  the  principal  nucleus  or  dorsal  nucleus ;  (2)  the  nucleus  of  the  descending 
root ;  and  (3)  the  nucleus  of  Deiters. 

The  principal  nucleus  (Figs.  334,  p.  463,  and  357,  p.  480)  is  a  large  diffuse 
nuclear  mass,  which  lies  in  the  floor  of  the  fourth  ventricle  subjacent  to  the 
surface  district  known  as  the  area  acuslica.  It  is  situated,  therefore,  in  both  the 
pons  and  the  medulla  to  the  outer  side  of  the  fovea  superior  and  the  fovea 
inferior.  In  section  it  is  prismatic  in  ou{line,  and  crossing  its  surface  immedi- 
ately under  the  ependyma  of  the  ventricle  are  the  striae  aeustica?. 

When  the  nervus  vestibularis,  as  it  traverses  the  brain,  reaches  the  inner  aspect 
of  the  dorsal  portion  of  the  restiform  body,  a  very  large  proportion  of  its  fibres 
turn  vertically  downwards  in  separate  bundles  and  form  the  descending  root  of 
the  vestibular  nerve  (Figs.  341,  p.  458 ;  343,  p.  460 ;  344,  p.  463 ;  357,  p.  480). 
This  proceeds  through  the  lower  part  af  the  pons  into  the  medulla,  in  which  it 
may  be  traced  as  far  as  the  level  of  the  decussation  of  the  fillet.  Associated  with 
the  descending  root  there  is  a  column  of  gray  matter,  with  nerve-cells  strewn 
sparsely  throughout  it.  This  is  the  nucleus  of  the  descending  root,  and  the  fibres 
end  in  fine  arborisations  around  these  nerve-cells. 

The  fibres  of  the  vestibular  nerve  end  mainly  in  the  nucleus  of  Deiters.  This 
nucleus  is  composed  of  a  number  of  large  and  conspicuous  multipolar  nerve-cells, 
which  are  scattered  amidst  the  bundles  of  the  descending  root  of  the  vestibular 
nerve.  As  it  is  traced  upwards  into  the  pons  the  nucleus  gradually  inclines  back- 
wards, and  finally  it  occupies  a  place  in  the  lateral  wall  of  the  fourth  ventricle.  It 
attains  its  greatest  development  at  the  level  of  the  emerging  part  of  the  facial  nerve, 
and  this  upper  part  is  sometimes  termed  the  nucleus  of  Bechterew. 

Central  Connexions  of  the  Cochlear  Nerve. — The  cochlear  nerve  is  brought 
into  connexion  with  the  inferior  quadrigeminal  body,  and  the  corpus  geniculatum 
internum  of  the  opposite  side  by  the  fibres  of  the  corpus  trapezoides  and  the  lateral 
fillet.  But  this  connection  is  not  direct ;  the  chain  is  composed  of  several  separate  links 
or  neurons  superimposed  one  over  the  other. 

The  fibres  of  tlie  cochlear  nerve  end  in  the  ventral  cochlear  nucleus  and  in  the  tuber- 
culum  acusticum.  From  the  cells  of  these  nuclei  two  tracts  arise,  viz.  a  ventral  tract, 
composed  of  the  fibres  of  the  corpus  trapezoides,  and  a  dorsal  tract,  which  is  represented 
by  the  strife  acusticte. 

The  corpus  trapezoides  (Figs.  357  and  358)  is  formed  of  the  axons  of  the  cells  of  the 
ventral  cochlear  nucleus,  as  well  as  certain  of  the  axons  of  the  cells  of  tuberculum 
acusticum.  Many  of  these  fibres  end  in  the  superior  olive,  whilst  others  are  added  to  the 
tract  from  the  cells  of  that  nuclear  mass.  So  constituted,  the  trapezial  fibres  cross  the 
mesial  plane  and  decussate  with  the  corresponding  fibres  of  the  opposite  side.  Reaching 
the  opposite  superior  olivary  nucleus  a  further  interchange  of  fibres  takes  place,  and 
almost  immediately  after  this  the  strand  turns  upwards  and  becomes  the  lateral  fillet 
(Figs.  346,  p.  466  ;  347,  p.  467).  But  still  another  nucleus  is  interposed  in  its  path,  viz. 
the  nucleus  of  the  lateral  fillet.  Here  some  fibres  are  droj)ped,  whilst  from  the  nuclear 
cells  others  are  acquired,  and  the  lateral  fillet  then  proceeds  onwards  without  further 
interruption  until  it  reaches  the  inferior  quadrigeminal  body  and  the  corpus  geniculatum 
internum,  in  which  its  fibres  end.  It  is  probable,  however,  that  some  likewise  extend 
nto  the  superior  quadrigeminal  body. 

But  the  lateral  fillet  also  includes  the  fibres  of  the  striae  acusticae  of  the  opposite 
side.  These  fibres  arise  from  the  cells  of  the  tuberculum  acusticum,  and  arrange  them- 
selves in  the  conspicuous  bundles  which  sweep  round  the  dorsal  aspect  of  the  resti- 
form body  and  proceed  inwards  across  the  floor  of  the  fourth  ventricle,  immediately 
beneath  the  ependyma  (Fig.  333,  p.  447).  Reaching  the  middle  line  they  dip  forwards 
into  the  substance  of  the  medulla,  and,  crossing  the  mesial  plane,  they  join  the  lateral 
fillet. 

It  is  well  to  remember  that  the  connexion  between  the  terminal  cochlear  nuclei  and 
the  inferior  quadrigeminal  body  is  not  altogether  with  that  of  the  opposite  side,  as  the 
foregoing  description  and  the  diagram  (Fig.  357)  might  lead  one  to  infer.  A  few  fibres 
pass  directly  to  the  inferior  quadrigeminal  body  of  the  same  side,  but  none  to  the  corre- 
sponding corpus  geniculatum  internum ;  the  connexion  with  the  latter  is  entirely  crossed 
(Ferrier  and  Turner). 
31 
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From  the  corpus  geniculatum  internum  there  proceeds  a  ti-act  to  the  gray  cortex  of 
the  superior  convolution  of  the  temporal  lobe.  The  Avhole  nervous  apparatus  is  thus 
linked  on  to  the  cerebral  cortex,  and  the  succession  of  neurons  which  build  up  the  entire 
chain  are  therefore:  (1)  the  bipolar  cells  of  the  ganglion  spiral  e ;  (2)  the  neurons  of  the 
terminal  cochlear  nuclei ;  (3)  the  neurons  of  the  superior  olive  and  the  nucleus  of  the 
lateral  fillet ;  (4)  the  neurons  of  the  corpus  geniculatum  internum. 

It  must  be  borne  in  mind  that  all  the  axons  of  the  cells  of  the  superior  olive  do  not 
join  the  trapezoid  strand.  Many  leave  its  dorsal  aspect  and  pass  backwards  in  a  group 
called  the  pedicle  of  the  superior  olive,  to  end  in  the  nucleus  of  the  sixth  nerve,  and, 
through  the  posterior  longitudinal  bundle,  in  the  nuclei  of  the  fourth  and  third  nerves. 
In  this  way  the  organ  of  hearing  is  brought  into  connexion  with  the  nuclei,  which  preside 
over  the  movements  of  the  eyeballs  (Figs.  344,  p.  463,  and  359,  p.  484). 

Central  Connexions  of  the  Vestibular  Nerve. — Although  the  central  con- 
nexions of  the  vestibular  nerve  have  been  closely  studied  by  many  observers,  they  are 
still  very  far  from  being  fully  understood.  The  principal  nucleus  and  the  nucleus  of 
Deiters  both  stand  in  intimate  relation  with  the  superior  vermis  of  the  cerebellum ;  and 
in  consideration  of  the  fact  that  the  vestibular  nerve  is  the  nerve  of  equilibration,  this 
is  an  important  and  significant  circumstance.  The  strand  which  establishes  this  con- 
nexion is  termed  by  Edinger  "the  direct  sensory  cerebellar  tract,"  and  in  all  probability 
it  is  an  efferent  tract  from  the  cerebellum.  Its  fibres  arise  to  a  large  extent  in  the 
cerebellar  roof  nuclei  of  the  opposite  side,  and,  crossing  the  mesial  plane,  they  sweep 
forwards  around  the  outer  side  of  the  superior  cerebellar  peduncle  to  end  in  the  nucleus 
of  Deiters,  the  chief  vestibular  nucleus,  and  very  possibly  also  in  the  terminal  sensory 
nuclei  of  certain  other  cranial  nerves,  such  as  the  trigeminal,  vagus,  and  glosso- 
pharyngeal. 

Until  the  precise  nature  of  the  nucleus  of  Deiters  is  discovered,  the  exact  character 
of  the  central  connexions  of  the  vestibular  nerve  will  remain  more  or  less  obscure.  It 
cannot  be  regarded  as  a  nucleus  specially  given  over  to  the  vestibidar  nerve.  Composed 
of  large  cells  scattered  amidst  the  bundles  of  the  descending  root  of  the  vestibular  nerve, 
it  only  becomes  a  compact  nucleus  above  the  level  of  that  nerve,  viz.  at  the  point  where 
the  restiform  body  turns  backwards  into  the  cerebellum,  or,  in  other  words,  at  the  level 
of  the  emerging  facial  nerve  and  the  lower  end  of  the  abducent  nucleus.  Here,  in  the 
outer  part  of  the  floor  of  the  fourth  ventricle,  its  cells  are  gathered  together  in  a  crowded 
mass.  Deiters  himself  considered  that  this  nucleus  should  be  regarded  as  an  internode 
between  the  cerebellum  and  the  spinal  cord,  and  Ferricr  and  Turner  have  brought  forward 
strong  evidence  in  support  of  this  view.  Klimoft'  attaches  a  very  high  importance  to  the 
direct  "  sensory  "  tract  of  Edinger.  From  his  description,  it  would  appear  that  he  regards 
it  as  the  only  cerebellar  efferent  tract  which  takes  a  downward  direction.  He  believes, 
further,  that  the  axons  of  the  cells  of  Deiters  form  the  anterior  marginal  tract  of  Lowenthal, 
which  descends  in  the  antero-lateral  column  of  the  cord  as  far  as  the  lumbar  region.  It 
is  supposed  that  the  fibres  of  this  tract  end  in  the  cord  in  arborescent  terminations 
around  the  motor  cells  in  the  ventral  horn  of  gray  matter.  Opinion  is  also  divided  as 
to  the  composition  and  nature  of  the  so-called  descending  root  of  the  vestibular  nerve. 
After  division  of  the  eighth  nerve,  Ferrier  and  Tvirner  were  unable  to  detect  any 
degeneration  in  this  root,  and  they  therefore  are  inclined  to  call  in  question  its  direct 
continuity  with  the  nerve.  They  consider  that  in  all  probability  it  forms  an  internuncial 
connexion  between  the  nucleus  of  Deiters  and  the  cuneate  nucleus,  in  which  Bruce  has 
seen  its  lower  end  to  terminate. 

Facial  Nerve  (nervus  facialis)  (Figs.  358  and  359). — The  facial  nerve  is  com- 
posed of  two  distinct  parts,  viz.  a  large  efferent  or  motor  portion,  the  facial  nerve 
proper,  and  a  small  afferent  sensory  portion  termed  the  pars  intermedia  of  Wrisberg. 
The  facial  nerve  emerges  from  the  brain  at  the  lower  border  of  the  pons,  innnediately 
in  front  and  to  the  inner  side  of  the  auditory  nerve,  whilst  the  pars  intermedia 
sinks  into  the  upper  part  of  the  medulla  between  the  facial  and  auditory  nerves. 
The  three  nerves,  therefore,  lie  in  intimate  relation  with  each  other,  where  they 
are  attached  to  the  surface  of  the  brain,  and  they  pass  in  company  into  tlie  internal 
auditory  meatus. 

The  nucleus  of  origin  of  the  facial  nerve  is  an  oval  mass  of  gray  matter,  about 
five  mm.  in  length,  and  containing  numerous  groups  of  large  multipolar  cells.  It 
is  sunk  deeply  in  the  dorsal  or  tegmental  part  of  the  lower  portion  of  the  pons 
Varolii,  and  is  placed  close  to  the  inner  side  of  the  spinal  root  of  tlie  fifth  nerve. 
When  transverse  sections  are  made  through  the  In-ain-stem,  the  facial  nucleus  is 
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encountered  the  moment  the  boundary  line  between  the  medulla  and  pons  is 
passed,  and  the  region  immediately  above  the  inferior  olivary  nucleus  is  reached. 
At  first  it  lies  so  deeply  in  the  tegmentum  of  the  pons  that  it  actually  rests  upon 
the  dorsal  aspect  of  the  corpus  trapezoides ;  but  a  little  farther  up  the  superior 
olive  comes  into  view,  and  insinuates  itself  between  the  facial  nucleus  and  the 
trapezial  fibres.  The  upper  part  of  the  nucleus  is  in  this  way  tilted  somewhat 
backwards,  and  thus  comes  to  lie  on  the  dorsal  and  outer  aspect  of  the  superior^ 
olive. 

The  facial  nucleus  is  situated  close  to  the  place  where  the  nerve  emerges  from 
the  brain,  but  the  nerve  does  not  at  once  pass  to  this  point  of  exit.  It  pursues 
a  long  and  devious  path  within  the  pons  before  it  finally  reaches  the  surface. 
This  intrapontine  part  of  the  nerve  may  be  divided  into  three  parts,  viz. :  (1)  a 
radicular  part,  (2)  an  ascending  portion,  and  (3)  an  emergent  part. 


Ml,  -r' 


Fig.  358. — Section  through  the  Pons  Varolii  of  the  Orang, 
Sliovviiig  the  nucleus  and  intrapontine  course  of  the  facial  nerve.    The  left  side  of  the  drawing  is  taken 
from  a  section  at  a  slightly  lower  level  than  the  section  from  which  the  right  side  is  talien. 


1.  Ascending  part  of  facial  nerve. 

2.  Posterior  longitudinal  bundle. 

3.  Descending  root  of  eighth  nerve. 

4.  Radicular  fibres  of  facial  nerve. 

5.  Restiforni  body. 

6.  Facial  nucleus. 

7.  Spinal  root  of  fifth  nerve. 

8.  Vestibular  nerve. 

9.  Superior  olive. 

10.  Fillet. 

11.  Pyramidal  tract. 

12.  Transverse  fibres  of  jious. 


B 

1.  Ascending  jjart  of  facial  nerve. 

2.  Emergent  portion  of  facial  nerve. 

3.  Restiforni  body. 

4.  Nucleus  of  sixth  nerve. 

5.  Sixth  nerve. 

6.  Emergent  part  of  facial  nei've. 

7.  Peduncle  of  superior  olive. 

8.  Superior  olive. 

9.  Corpns  trapezoides. 

10.  Facial  nerve. 

11.  Sixth  nerve. 

12.  Pyramidal  tract. 

13.  Transverse  fibres  of  pons. 


The  radicular  part  of  the  facial  nerve  (Fig.  359)  is  composed  of  a  large  number 
of  fine  loosely-arranged  bundles  of  fibres,  which  issue  from  the  outer  and  dorsal 
aspect  of  the  nucleus  and  proceed  backwards  and  slightly  inwards  through  the 
pons.  Beaching  the  floor  of  the  fourth  ventricle  they  curve  inwards,  and  the 
bundles  which  lie  highest  up  sweep  over  the  outer  and  dorsal  aspect  of  the  lower 
part  of  the  nucleus  of  the  sixth  nerve.  Close  to  the  mesial  plane  they  turn 
sharply  upwards  and  are  collected  into  a  single  solid  nerve-bundle,  which  consti- 
tutes the  ascending  part  of  the  facial  nerve  (Figs.  358  and  359).  This  proceeds 
vertically  upwards  immediately  beneath  the  ependyma  of  the  ventricular  floor,  on 
the  dorsal  aspect  of  the  posterior  longitudinal  bundle,  and  along  the  inner  side  of 
the  sixth  or  abducent  nucleus,  for  a  distance  of  about  five  millimetres.  Suddenly  the 
nerve  bends  outwards  at  a  right  angle  and  curves  a  second  time  over  the  dorsal  aspect 
of  the  sixth  or  abducent  nucleus.  The  nerve  now  passes  straight  to  the  place,  of 
exit  from  the  brain,  and  this  part  of  the  intrapontine  trunk  may  be  termed  the 
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emergent  portion  (Figs.  358  and  359).  The  facial  nerve  thus  forms  a  curved  loop 
over  the  dorsal  aspect  of  the  abducent  nucleus.  The  emergent  part  of  the  nerve 
takes  an  oblique  course  through  the  pons  to  reach  the  surface.  It  inclines  out- 
wards and  downwards  as  it  proceeds  towards  the  ventral  aspect  of  the  pons, 


of  the  column  of  gray  matter  in  connexion  with  the  fasciculus  solitarius,  and  in 
this  they  end.  The  pars  intermedia  presents,  therefore,  the  same  terminal  con- 
nexions within  the  brain  as  the  glosso-pharyngeal  nerve. 

Abducent  or  Sixth  Nerve  (nervus  abducens)  (Figs.  358  and  359). — This  is  a 
small  motor  nerve,  which  emerges  from  the  brain  at  the  lower  border  of  the  pons 
on  the  outer  side  of  the  pyramid  of  the  medulla.  It  is  the  nerve  of  supply  to 
the  external  rectus  muscle  of  the  eyeball.  Its  nucleus  of  origin  is  a  small 
spherical  mass  of  gray  matter,  containing  large  multipolar  cells,  which  lies  in 
the  dorsal  part  of  the  tegmental  portion  of  the  pons,  close  to  the  mesial  plane  and 
immediately  subjacent  to  the  gray  matter  of  the  floor  of  the  fourth  ventricle.  Its 
position  can  be  easily  indicated  on  the  ventricular  floor,  seeing  that  it  is  placed 
subjacent  to  the  emenentia  teres  and  immediately  above  the  level  of  the  strife 
acusticte.  Its  peculiar  and  intimate  relation  to  the  intrapontine  portion  of  the 
facial  nerve  has  already  been  indicated.  It  lies  on  the  ventral  aspect  of,  and  within 
the  concavity  formed  by,  the  two  limbs  of  the  loop  of  that  nerve. 

The  axons  of  the  multipolar  cells  of  this  nucleus  emerge  from  the  inner  aspect 
of  the  nucleus  in  the  form  of  several  bundles,  which  proceed  through  the  whole 
antero-posterior  thickness  of  the  pons  towards  the  place  of  exit.  In  this  course 
they  incline  downwards  and  slightly  outwards  as  they  pass  forwards.  In  the 
tegmental  part  of  the  pons  they  proceed  forwards  on  the  inner  side  of  the  superior 
olive,  whilst  in  the  ventral  part  of  the  pons  they  keep  for  the  most  part  to  the 
outer  side  of  the  pyramidal  bundles,  although  several  of  the  nerve  fasciculi  pierce 
these  on  their  way  to  the  surface. 

It  would  appear  probable  that  certain  of  the  axons  of  the  cells  of  the  abducent  nucleus  enter 
the  posterior  longitudinal  fasciculus  and  proceed  upwards  in  it  to  join  the  [third  or  oculo- 
motor nerve  of  the  opposite  side.    Further  mention  of  these  will  be  made  later  on.  Fibres 


and  on  its  way  it  passes  between 
its  own  nucleus  and  the  spinal  root 
of  the  fifth  nerve. 


Entering  the  facial  nucleus,  and  end- 
ing in  fine  terminal  arborisations  around 
its  cells,  are  many  fibres  from  the  op- 
posite pyramidal  tract ;  fibres  from  the 
spinal  root  of  the  fifth  nerve  ;  fibres  from 
the  corpus  trapezoides,  etc.  The  nucleus 
is  thus  brought  into  connexion  with  the 
motor  area  of  the  cerebral  cortex,  with 
the  trigeminal  nerve  or  sensory  nerve  of 
the  face,  and  with  the  auditory  nerve,  etc. 


Fig.  359. — Diagram  of  the  Intrapontine  Course  pursded 
BY  THE  Facial  Nerve. 


The  fibres  of  the  pars  intermedia 
of  Wrisberg  arise  from  the  cells  of 
the  geniculate  ganglion  of  the  facial 
nerve.  These,  like  the  cells  of  a 
spinal  ganglion,  are  unipolar,  the 
single  process  in  each  case  dividing 
into  a  peripheral  and  a  central 
branch.  The  group  of  peripheral 
fibres  represent  the  chorda  tympani 
branch  of  the  facial  nerve,  whilst 
the  central  fibres  form  the  pars 
intermedia.  The  latter  penetrate 
the  brain,  and,  passing  either 
through  or  on  the  dorsal  side  of 
the  spinal  root  of  the  fifth  nerve, 
they  finally  reach  the  upper  part 
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and  collaterals  from  the  pyramidal  tract  of  the  opposite  side  enter  the  nucleus,  and,  ending 
around  the  cells,  bring  the  nucleus  into  connexion  with  the  motor  area  of  the  cerebral  cortex. 
The  pedicle  of  the  superior  olive  ends  partly  within  the  nucleus  of  the  abducent  nerve  (p.  482). 

Trigeminal  or  Fifth  Nerve  (nervus  trigeminus). — The  trigeminal  nerve  strikes 
its  roots  deeply  into  the  brain  and  establishes  a  connexion  with  it  which  extends 
from  the  upper  part  of  the  mesencephalon  above  to  the  level  of  the  second  cervical 
nerve  below.  No  other  cranial  nerve  presents  so  extensive  a  connexion  (Fig. 
356,  p.  479).  It  is  composed  of  two  roots— a  large  afterent  or  sensory  root  and 
a  small  efferent  or  motor  root.  Both  roots  appear  close  together  on  the  surface 
of  the  pons,  rather  nearer  its  upper  border  than  its  lower  border,  and  in  the  same 
line  as  the  facial  and  auditory  nerves. 

The  sensory  root  of  the  fifth  nerve  is  composed  of  fibres  which  arise  outside  the 
brain  from  the  cells  of  the  Gasserian  ganglion.    They  end  within  the  brain  in  two 

Superior  medullary  velum 


Fig.  360. — Section  through  the  Pons  Vaeolii  of  the  Oeang,  at  the  Level  of  the  Nuclei 

op  THE  Trigeminal  Nerve. 


nuclei  of  termination.  One  of  these  is  situated  in  the  pons  and  is  termed  the 
sensory  nucleus  of  the  trigeminal  nerve,  and  the  other  is  a  long  column  of 
gelatinous  gray  matter,  which  is  directly  continuous  below  with  the  substantia 
gelatinosa  Eolandi  of  the  spinal  cord. 

The  sensory  nucleus  (Fig.  360)  is  an  oval  mass  of  gray  matter  which  is  placed 
halfway  up  the  pons  in  the  outer  part  of  its  tegmental  portion.  It  lies  close  to 
the  outer  surface  of  the  pons  and  immediately  subjacent  to  the  ventral  submerged 
margin  of  the  superior  cerebellar  peduncle.  It  is  directly  continuous  with  the 
substantia  gelatinosa  Eolandi,  and  may  be  regarded  as  being  merely  the  enlarged 
upper  end  of  that  column  of  gray  matter. 

The  sensory  root  of  the  fifth  nerve,  on  reaching  the  sensory  nucleus,  divides  into 
two  parts  (Fig.  356,  p.  479).  A  portion  of  the  fibres  enter  that  nucleus  and  end 
within  it,  but  the  great  proportion  of  the  fibres  turn  sharply  downwards  and  form 
the  spinal  root  (tractus  spinalis  :  the  ascending  root  of  most  text-books).    This  root 
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descends  on  tlie  outer  side  of  the  column  of  gray  matter  formed  by  the  substantia 
gelatinosa  Kolandi,  which  constitutes  its  terminal  nucleus.  Fibres  constantly  leave 
it  to  enter  the  nucleus,  so  that  the  lower  it  gets  the  smaller  does  the  spinal  root 
become  until,  in  the  upper  part  of  the  spinal  cord  about  the  level  of  the  first  or 
second  spinal  nerve,  it  disappears  altogether. 

Tlie  large  spinal  root  of  the  fifth  nerve  is  a  conspicuous  object  in  sections  through  the 
pons  and  medulla.  In  the  former  it  traverses  the  tegmental  part,  first,  between  tlie 
emergent  part  of  the  facial  nerve  and  the  vestibular  nerve ;  and  then  lower  down,  between 
the  restiform  body  and  the  nucleus  of  the  facial  nerve  (Fig.  358,  A,  p.  483).  In  cross 
sections  it  presents  a  well-defined  semilunar  or  curved  pyriform  outline.  In  the  iipper 
I)art  of  the  medulla,  it  lies  on  the  ventral  aspect  of  the  restiform  body  and  nearer  to  the 
surface  (Fig.  341,  p.  458).  Here  it  is  traversed  and  broken  up  into  separate  bundles  by 
the  cerebello-olivary  fibres  and  the  roots  of  the  glosso-pharyngeal  and  vagus  nerves. 
Finall}',  it  comes  to  the  surface  and  its  fibres  are  spread  over  the  area  on  the  side  of  the 
medulhi  known  as  the  tubercle  and  funiculus  of  Eolando  (Fig.  338,  p.  455). 

The  small  motor  part  of  the  trigeminal  nerve  is  chiefly  distributed  to  the  muscles 
of  mastication  and  derives  its  hljres  from  two  sources,  viz.  from  the  motor  nucleus 
and  from  the  mesencephalic  root  of  the  trigeminal  nerve. 

The  motor  nucleus  (Fig.  360)  lies  in  the  lateral  part  of  the  tegmental  portion  of 
the  pons,  close  to  the  inner  side  of  the  sensory  terminal  nucleus,  but  somewhat 
nearer  to  the  floor  of  the  fourth  ventricle.  It  is  not  placed  in  the  exact  line  of  tlie 
facial  nucleus,  as  it  is  situated  somewhat  nearer  the  dorsal  aspect  of  tlie  pons ;  but, 
nevertheless,  it  may  be  considered  as  being  equivalent  in  this  region  to  the  detached 
head  of  the  anterior  horn  of  gray  matter  in  the  lower  part  of  the  medulla.  The 
cells  of  this  nucleus  are  large  and  multipolar,  and  their  axons  run  togetlier  to  form 
the  motor  part  of  the  fifth  nerve. 

The  mesencephalic  root  takes  origin  in  the  mesencephalon  from  a  column  of 
large  loosely-arranged  cells  which  are  placed  in  the  extreme  lateral  part  of  the 
gray  matter  which  surrounds  the  Sylvian  aqueduct.  As  this  root  is  traced  down- 
wards it  gradually  gains  strength  by  the  addition  of  new  fibres,  and  it  assumes  a 
crescentic  form  in  transverse  section  (Figs.  365,  p.  494;  367,  p.  496;  347,  p.  467; 
346,  p.  466).  In  the  lower  part  of  the  mesencephalon  it  lies  on  the  inner  side  of 
the  superior  cerebellar  peduncle ;  and  the  fourth  nerve,  on  its  way  to  the  surface, 
runs  downwards  in  its  concavity  and  on  its  mesial  aspect.  In  the  upper  part  of 
the  pons,  it  continues  its  course  downwards  on  the  outer  and  deep  aspect  of  the 
gray  matter  which  forms  the  floor  of  the  fourth  ventricle.  Finally,  reaching  the 
level  of  the  nuclei  of  the  trigeminal  nerve,  the  fibres  of  the  mesencephalic  root 
turn  forwards  and  join  the  motor  part  of  the  trigeminal  nerve. 

(1)  It  is  not  known  to  what  ])arts  the  fibres  of  the  mesencephalic  root  go.  Kcilliker  suggests 
that  they  supply  tlie  tensor  veli  jialatini  and  the  tensor  tympani ;  perhaps,  also,  they  may  lie  dis- 
tributed to  the  mylo-liyoid  and  tlie  anterior  belly  of  tlie  digastric.  (2)"  Filn-es  from  the  opposite 
pyramidal  tract  go  to  the  motor  nucleus  and  bring  it  into  connexion  with  the  motor  area  of  the 
cereljral  cortex.  (3)  By  degeneration  methods  the  root  of  the  fiftli  nerve  has  been  traced  down  to 
tlie  level  of  the  second  cervical  nerve  (Ferrier  and  Turner).  (4)  Many  of  tlie  axons  of  tlie  terminal 
nuclei  emerge  as  arcuate  fibres,  and,  proceeding  through  the  raphe,  assume  a  longitudinal  course  in 
the  fillet  of  the  oj^iiosite  side,  and  thus  establish  connexions  with  parts  higher  up.  (5)  Some  of 
the  axons  of  the  cells  of  the  terminal  nucleus  enter  the  motor  nucleus,  and  thus  establish  a  simijle 
reflex  apparatus. 

The  Development  of  the  Parts  derived  from  the  Ehombencephalon. 

A  general  sketch  of  the  development  of  the  medulla,  pons,  and  cerebellum  has  already 
been  given  (p.  441).  It  is  only  necessary,  therefore,  in  this  section  to  call  attention  to 
some  of  the  more  important  details  connected  with  the  process. 

Medulla. — In  the  embryo  the  cervical  flexure  indicates  in  a  sharp  and  definite  manner 
the  point  of  junction  between  the  cord  and  the  brain  (Fig.  327,  p.  441).  In  the  early 
condition  of  the  rhombencephalon  the  calamus  scriptorius  extends  downwards  to  tliis  level, 
so  tliat,  in  the  first  instance,  there  is  no  part  of  the  medulla  which  corresponds  to  the 
closed  portion  present  in  the  adult.  The  lower  closed  part  of  the  medulla  makes  its 
appearance  at  a  later  period,  and  is  termed  by  His  the  intercalated  portion  (Schaltstiick). 

In  our  study  of  the  development  of  that  part  of  the  neural  tube  which  forms  the  spinal 
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cord  we  have  recognised  two  thick  lateral  walls  connected  in  front  and  behind  by  narrow 
mid-ventral  and  mid-dorsal  laminte.  The  same  parts  are  seen  in  the  developing  medulla. 
Owing,  however,  to  the  expansion  of  the  cavity  in  this  portion  of  the  tube  the  mid-dorsal 
lamina  is  stretched  out  into  an  extensive  and  thin  epithelial  membrane,  which  forms  the 
dorsal  wall  or  roof  of  the  ventricle  at  this  level.  The  tliick  lateral  walls  have  also  fallen 
away  from  each  other,  and  are  joined  in  front  by  the  narrow  mid-ventral  lamina.  On 
section,  therefore,  the  medullary  part  of  the 
neural  tube  presents  a  triangular  figure — the 
base,  which  is  directed  backwards,  being 
formed  by  the  thin  epithelial  expansion  derived 
from  the  mid-dorsal  lamina,  the  apex  by  the 
narrow  mid-ventral  lamina,  and  the  sides  by 
the  thick  lateral  walls  of  the  tube.  Further, 
each  lateral  wall  consists  of  an  alar  or 
dorsal  and  a  basal  or  ventral  lamina.  This 
subdivision  is  more  clearly  indicated  than  in 
the  cord,  and  on  the  inner  surface  of  the 
lateral  wall  a  strongly-marked  longitudinal 
furrow  marks  the  line  of  junction  of  the  two 
laminae.  The  histological  development  of 
these  several  parts  of  the  wall  of  the  medul- 
lary portion  of  the  neural  tube  proceeds  in  a 
manner  very  similar  to  that  already  detailed 
in  the  case  of  the  cord.  No  neuroblasts  are 
formed  in  the  mid -ventral  and  mid -dorsal 
laminae ;  the  entire  neuroblastic  formation  is 
confined  to  the  basal  and  alar  laminfe. 
Within  the  basal  lamina,  likewise,  ai"e  col- 
lected the  neuroblasts  which  form  the  nuclei 
of  origin  of  the  efferent  nerves  ;  whilst  within 
the  alar  lamina  are  developed  the  neuroblasts 
which  constitute  the  nuclei  of  termination 
for  the  fibres  of  the  afferent  nerves. 

As  development  proceeds,  the  two  laminse 
of  the  lateral  wall  fall  outwards  to  a  still 
greater  extent,  so  that  they  come  to  lie  very 
nearly  in  the  same  horizontal  plane.  In  this 
manner  their  originally  mesial  or  ventricular 
surfaces  come  to  form  the  floor  of  the  fourth 
ventricle.  Even  in  the  adult  the  groove, 
which  separates  the  basal  and  alar  laminae 
so  clearly  from  each  other  in  the  early  con- 
dition, is  more  or  less  distinctly  perceptible 
on  the  ventricular  floor.  It  is  represented 
by  the  fovea  inferior  and  by  the  fovea 
superior.  Between  these  depressions  and 
the  mesial  groove  on  the  floor  of  the  fully- 
developed  fourth  ventricle  there  is  an  elon- 
gated elevation,  which,  in  its  lower  part, 
forms  the  trigonum  hypoglossi,  above  this 
the  emenentia  teres,  whilst  higher  up  it  is 
continued"  towards  the  commencement  of  the 
Sylvian  aqueduct.  This  clearly-marked  and 
bulging  mesial  strip  of  the  ventricular  floor 
corresponds  to  the  basal  lamina,  whilst  the  part  of  the  floor  which  lies  to  the  outer  side  of 
it  and  the  two  foveac  is  derived  from  the  alar  lamina.  The  latter,  therefore,  includes 
the  trigonum  vagi,  the  area  acustica,  and  the  locus  coeruleus. 

The  further  development  of  the  med  ulla  takes  place  on  the  ventral  aspect  of  the  two 
laminae  by  the  deposition  of  new  parts  on  those  which  are  already  formed.  An  oval 
bimdle  of  longitudinal  fibres  makes  its  appearance  on  the  outer  surface  of  the  alar 
lamina,  at  the  point  where  this  joins  the  basal  lamina.  This  is  the  early  fasciculus 
solitarius.  It  is  composed  of  afl'erent  fibres  from  the  glosso-pharyngeal  and  vagus  nerves. 
These,  on  reaching  the  sui'face  of  the  medulla,  turn  downwards  upon  it.    At  first  the 
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connexion  of  the  fascicnlus  solitarins  witli  the  medulla  is  very  loose,  and  it  may  be 
regarded  as  being  the  equivalent  in  this  part  of  the  neural  tube  of  the  oval  bundle 
of  longitudinal  fibres  whicii,  in  the  early  cord,  constitutes  the  first  stage  of  the  column 
of  Burdach.  Throughout  the  further  stages  of  development  the  fasciculus  solitarius 
indicates  in  a  sufficiently  clear  manner  the  point  of  junction  between  the  alar  and 
basal  laminae.  Very  soon  it  becomes  covered  over  by  parts  developed  on  its  ventral 
aspect,  and  it  ultimately  comes  to  lie  deeply  in  the  substance  of  the  medidla.  This 
change  in  the  position  of  the  fasciculus  solitarius  with  reference  to  the  surface  is  asso- 
ciated with  a  striking  developmental  process  which  leads  to  certain  remarkable  results, 
and  which  is  termed  the  formation  of  the  rhombic  lip  of  His  (Fig.  361,  B  and  C).  Before 
the  alar  lamina  falls  outwards,  while  it  still  stands  erect  and  its  inner  surface  faces  the 
corresponding  surface  of  the  opposite  lamina,  its  dorsal  edge  is  folded  outwards  and 
becomes  fused  with  the  outer  surface  of  the  remaining  portion  of  the  alar  lamina.  This 
is  the  rhombic  lip,  and,  when  the  fusion  is  complete,  a  multitude  of  neuroblasts  take  form 
within  it  and  migrate  in  a  forward  and  inwards  direction  into  the  ventral  parts  of  the 
alar  and  basal  lamina;.  The  mid-venti-al  lamina — which  consists  of  spongioblastic  cells 
alone  and  which  forms  a  narrow  partition  between  the  two  basal  laminae — is  reached  on 
either  side  by  the  axons  of  many  of  these  migrating  cells.  Whilst  acting  as  an  impassable 
barrier  to  the  neuroblasts,  this  spongioblastic  septum  gives  free  passage  from  one  side  to 
the  other  to  their  axons,  and  a  decussation  of  arcuate  fibres  in  the  mesial  plane  results. 
In  this  way  the  raphe  of  the  medulla  is  formed.  The  process  is  very  similar  to  that  which 
takes  place  in  the  course  of  the  formation  of  the  anterior  commissure  of  the  cord,  of 
which  the  raphe  may  be  regarded  as  the  equivalent  in  the  medulla. 

The  development  of  the  inferior  olivary  nucleus  and  of  its  two  accessory  parts  is  like- 
wise closely  connected  with  the  migration  of  the  neuroblasts  from  the  region  of  the 
rhombic  lip.  Many  of  these  cells  collect  together  so  as  to  form  a  nuclear  lamella,  which 
afterwards  assumes  its  characteristic  crumpled  form. 

As  the  neuroblasts  of  the  rhombic  lip  stream  inwards  they  pass  both  on  the  dorsal 
and  the  ventral  aspects  of  the  fasciculus  solitarius,  which  thus  comes  to  be  covered  over 
and  separated  from  the  surface.  The  spinal  root  of  the  trigeminal  nerve,  like  the 
fasciculus  solitarius,  is  also,  in  the  first  instance,  throughout  its  entire  course  on  the 
surface  of  the  medulla,  and  its  change  of  position  in  the  greater  part  of  its  course  within 
the  pons  and  medulla  is  due  to  the  subsequent  development  of  those  parts  which  cover  it 
over. 

The  importance  of  the  rhombic  lip  in  the  development  of  the  medulla  will  be  better 
appreciated  if  we  enumei'ate  the  parts  which  spring  from  it :  (1)  the  inferior  olivary  nuclei  ; 
(2)  the  cuneate  nucleus  ;  (3)  the  substantia  gelatinosa  Rolandi ;  (4)  the  arcuate  nucleus  ; 
(5)  the  internal  arcuate  fibres  ;  (6)  the  olivary  system  of  fil>res  ;  (7)  the  restiform  body. 

Tlie  p3"ramidal  tracts  which  come  down  from  the  cerebral  cortex  are  late  in  making 
their  appearance  in  the  medulla.  The  formatio  reticularis  precedes  them  in  development. 
They  appear  in  the  fourth  month  of  foetal  life,  and  as  they  are  developed  the  antero- 
median furrow  between  them  takes  form  on  the  ventral  aspect  of  the  medulla. 

His  has  pointed  out  that  the  earliest-formed  part  of  the  medulla  is  the  floor  of  the 
fourth  ventricle,  and  that  the  other  parts,  speaking  generally,  are  added  in  succession  as 
we  pass  towards  the  surface.  "The  oldest  layer  of  the  medulla  is" the  floor  of  the  fourth 
ventricle  with  its  nuclei.  It  is  followed,  in  the  first  instance,  by  the  reticular  formation, 
and  afterwards  by  the  layer  containing  the  olivary  and  other  nuclei.  Last  of  all  come 
the  pyramids  and  the  outer  (superficial)  arcuate  fibres  "  (His). 

Pons  Varolii. — The  information  which  we  possess  at  the  present  moment  regarding 
tiie  development  of  the  pons  Varolii  is  somewhat  deficient ;  but  there  is  little  doubt  that 
the  course  pursued  is,  in  general,  very  similar  to  that  which  has  been  described  for  the 
medulla.  It  has  been  seen  to  be  composed  of  parts  which  are  in  a  great  measure 
equivalent  to  those  met  with  in  the  medulla,  the  formatio  reticularis  of  the  latter 
passing  into  the  tegmental  substance  in  the  former,  while  the  pyramids  and  arcuate  nuclei 
and  anterior  superhcial  arcuate  fibres  of  the  medulla  are  represented  by  the  large  ventral 
part  of  the  pons.  Further,  as  His  points  out,  similar  relations  between  the  chronological 
and  local  succession  of  layers  may  be  recognised.  Thus  the  primitive  position  of  the 
motor  nucleus  of  the  trigeminal  nerve,  and  also  of  its  spinal  root,  is  a  superficial  one,  and 
it  is  only  by  a  later  process  of  development  that  the  nucleus  jjontis  and  the  thick  layer 
of  transverse  and  longitudinal  fibres  are  formed. 

Cerebellum. — The  following  account  of  the  development  of  the  cerebellum  is  framed 
largely  upon  the  information  supplied  in  an  excellent  paper  on  the  subject  by  Dr.  Walther 
Kiuthan. 


DEVELOPMENT  OF  THE  CEREBELLUM. 


489 


The  roof  of  the  fourth  ventricle  is  formed  for  the  most  part  by  the  thin  epithelial 
layer  already  described  as  being  formed  by  the  expanded  mid-dorsal  lamina.  This  does 
not  stretch,  however,  over  its  entire  extent.  As  we  approach  the  upper  part  of  the 
ventricle,  it  is  seen  to  become  continuous  in  the  region  of  the  isthmus  with  a  thicker 
lamella.  This  lamella  is  bounded  above  by  the  intercrossing  of  the  two  trochlear 
nerves,  which  marks  on  the  dorsal  aspect  of  the  neural  tube  the  place  of  junction 
between  the  rhombencephalon  and  the  mesencephalon ;  below,  it  is  limited  by  a  for- 
wardly-directed  semilunar  fold  of  the  thin  epithelial  ventricular  roof,  which  takes  place 
into  the  ventricular  cavity  at  the  level  of  the, pontine  flexure  of  the  brain.  The  fold 
so  constituted  is  termed  the  plica  choroidea,  seeing  that  mesoderm  is  introduced  be- 
tween its  two  layers, 
and  this  ultimately 
gives  rise  to  the 
choroid  plexus  of 
the  fourth  ventricle 
(Fig.  362,  D).  The 
lamella  whicla  forms 
the  roof  or  dorsal 
wall  of  the  ven- 
tricle in  front  of 
the  plica  choroidea 
is  developed  into 
the  inferior  medul- 
lary velum,  the  cere- 
bellum,  and  the 
superior  medullary 
velum  (valve  of 
Vieussens). 

The  cerebellar 
portion  of  this 
lamella  in  mesial 
sections  through 
the  brain  is  soon 
strongly  demar- 
cated from  the 
medullary  vela  by 
tlie  great  thicken- 
ing it  undergoes  in 
a  dorsal  direction. 
At  first  the  thick- 
ened cerebellar 

lamella  forms  a  simple  uniform  arch  around  the  dorsal  aspect  of  the  upper  part  of  the 
fourth  ventricle.  In  a  short  time,  however,  it  becomes  thinner  along  the  median  plane, 
whilst  it  increases  in  bulk  on  either  side  (Fig.  362,  A).  As  a  result  of  this,  the  cerebellum 
is  now  seen  to  consist  of  two  thick  plates  joined  by  a  narrow  and  thin  median  portion. 
This  bilateral  condition  of  the  organ  is  transitory.  In  the  fiu'ther  course  of  development 
the  two  plates  fuse  completely  in  the  middle  line  (Fig.  362,  B),  and  sulci  then  begin  to 
make  their  appearance  on  the  dorsal  aspect  of  the  organ. 

The  sulci  which  come  earliest  into  view  are  limited  to  the  region  of  the  worm.  The 
first  sulcus  appears  between  the  regions  corresponding  to  the  monticulus  cerebelli  and 
the  clivus  cerebelli,  and  in  the  adult  cerebellum  this  may  be  seen  to  be  the  deepest  of  all 
the  fissures  of  the  vermiform  process.  It  may  be  termed  the  sulcus  primarius  (Fig. 
362,  C,  D,  E).  The  portion  of  the  vermis  which  lies  below  this  fissure  soon  shows  other 
sulci.  One  appears  above  the  region  of  the  pyramid,  another  between  the  pyramid  and 
uvula,  whilst  a  third  marks  off  the  nodule.  All  this  time  the  portion  of  the  vermis  above 
the  sulcus  primarius  remains  more  or  less  smooth,  but  very  soon  it  becomes  divided  up  into 
its  constituent  parts.  The  earliest  sulcus  to  appear  in  the  lateral  hemisphere  is  the  great 
horizontal  sulcus  (Fig.  362,  C).  This  at  first  consists  of  separate  portions  in  the  two 
hemispheres,  and  it  is  only  in  the  later  months  of  development  that  these  run  together  over 
the  vei'mis,  so  as  to  separate  the  tuber  valvulse  from  the  declive  monticuli.  Even  at  the 
time  of  birth  the  folium  cacuminis  is  not  seen  on  the  surface.  It  rises  up  from  the  bottom 
of  the  horizontal  sulcus  in  the  form  of  a  secondary'  folium  of  the  declive  monticuli. 

Very  early  a  transverse  groove  appears  on  the  smooth  anterior  or  ventricular  surface 


Fig.  362. — Feom  Drawings  by  Dr.  Walther  Kuithan,  to  illustrate  the 
Development  of  the  Cerebellum. 

A.  Transverse  section  through  the  forepart  of  the  cerebellum  of  a  sheep  embryo. 

B.  Transverse  section  through  the  hinder  part  of  the  cerebellum  of  a  sheep  embryo. 

C.  Cerebellum  of  a  human  foetus  17  cm.  long. 

D.  Median  section  through  the  cerebellum  of  a  sheep  embryo  .5  cm.  long. 

E.  Median  section  through  cerebellum  of  human  fcetus  17  cm.  long. 

1.  Sulcus  primarius.  3.  Sulcus  between  pyramid  and  uvula. 

2.  Sulcus  above  aud  afterwards  behind  4.  Great  horizontal  fissure. 

the  pyramid.  T.  Transverse  groove  in  roof  of  veu- 

r.l.  Lateral  recess  ventricle  IV.  tricle  IV. 
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of  the  cerebellum  (Fig.  362,  E,  t.).  This  is  placed  much  nearer  the 'lower  than  the  ujjper 
border  of  the  organ,  and  it  represents  at  this  stage  the  angular  peak  of  the  tent-like  roof 
of  the  fourth  ventricle  in  the  adult  brain.  As  growth  goes  on,  the  portions  of  the  cere- 
bellum in  front  and  behind  this  groove  approach  each  other,  so  as  to  deepen  the  groove 
and  bring  about  the  backward  prolongation  of  the  ventricular  cavity  towards  the  cerebellum. 

THE  MESENCEPHALON. 

The  mesencephalon  or  mid-brain  is  tlie  short,  narrow  part  of  the  brain-stem 
which  occupies  the  aperture  of  the  tentorium  cerebelli  (incisura  tentorii),  and 
connects  the  cerebrum  which  lies  above  with  the  parts  which  occupy  the  posterior 
cranial  fossa.  It  is  about  three-quarters  of  an  inch  in  length,  and  it  consists  of  a 
dorsal  part,  composed  of  the  corpora  oLuadrigemina,  and  a  much  larger  ventral  part, 
which  is  formed  by  the  two  crura  cerebri. 

In  the  imdissected  brain  the  corpora  quadrigemina  are  completely  hidden  from 
view  by  the  splenium  of  the  corpus  callosum,  which  projects  backwards  over  them, 
and  also  by  the  superimposed  cerebral  hemispheres.  The  hinder  end  of  each  optic 
thalamus  likewise,  to  some  extent,  overhangs  the  upper  part  of  the  mesencephalon 
on  its  dorsal  and  lateral  aspect  (Fig.  333,  p.  447).  On  this  portion  of  the  optic 
thalamus  are  seen  two  projections,  which  are  specially  related  to  the  mesencephalon. 
These  are  the  cushion-like  pulvinar,  which  forms  the  inner  and  hinder  part  of  the 
thalamus,  and  the  corpus  geiiiculatum  externum,  an  ill-defined  oval  swelling  on  the 
outer  and  ixnder  aspect  of  the  posterior  end  of  the  thalamus. 

The  crura  cerebri  can  to  some  extent  be  seen  on  the  base  of  the  brain,  where 
they  bound  the  posterior  part  of  the  interpeduncular  space.  Encircling  the  upper 
end  of  each  cms  cerebri,  where  it  blunges  into  the  cerebrum,  is  the  optic  tract 
(Fig.  325,  p.  439). 

The  mesencephalon  is  tunnelled  from  below  upwards  by  a  narrow  passage, 
called  the  aqueduct  of  Sylvius,  which  connects  the  fourth  ventricle  with  the  third 
ventricle  (Fig.  364,  p.  492).  This  channel  lies  much  nearer  the  dorsal  than  the 
ventral  aspect  of  the  mesencephalon. 

Corpora  Quadrigemina. — This  name  is  applied  to  four  rounded  eminences  on 
tlie  posterior  aspect  of  the  mesencephalon  (Fig.  333,  p.  447).  The  superior  pair  are 
larger  and  broader  than  the  inferior  pair,  but  they  are  not  so  well  defined  nor  are 
they  so  prominent.  A  longitudinal  and  a  transverse  groove  separate  the  quad- 
rigeminal  bodies  from  each  other.  The  longitudinal  groove  occupies  the  mesial  plane 
and  extends  upwards  to  the  posterior  commissure  of  the  brain.  The  upper  end  of 
this  groove  widens  out  into  a  shallow  depression,  in  which  the  pineal  body,  a  small 
conical  structure  which  belongs  to  the  diencephalon,  rests.  From  the  lower  end  of 
the  same  groove  a  short  but  well-defined  and  projecting  band  of  white  fibres,  the 
frenulum  veli,  passes  to  the  valve  of  Vieussens,  which  lies  "immediately  below  the 
infei'ior  pair  of  quadrigeminal  bodies.  The  transverse  groove  curves  round  behind 
each  of  the  superior  pair  of  quadrigeminal  bodies  and  separates  them  from  the 
inferior  pair.  It  is  also  continued  in  an  upward  and  forward  direction  on  the 
lateral  aspect  of  the  mesencephalon. 

The  quadrigeminal  bodies  are  not  marked  off  laterally  from  the  sides  of  the 
mesencephalon,  but  each  has  in  connexion  with  it,  on  this  aspect,  a  prominent 
strand  of  white  matter,  which  is  prolonged  upwards  and  forwards  under  the 
projecting  pulvinar  and  corpus  geniculatum  externum.  These  strands  are  called 
the  brachia  of  the  corpora  quadrigemina,  and  they  are  separated  from  each  other  by 
a  continuation  on  the  side  of  the  mesencephalon  of  the  transverse  groove,  which 
intei"venes  between  the  two  pairs  of  bodies. 

The  corpus  geniculatum  internum  (corpus  geniculatum  mediale)  is  closely 
associated  with  the  brachia.  It  is  a  small,  sharply-defined  oval  eminence,  which 
lies  on  the  side  of  the  upper  part  of  the  mesencephalon  under  shelter  of  the  pulvinar 
of  the  optic  thalamus. 

The  inferior  brachium  (brachium  quadrigeminum  inferius),  proceeding  upwards 
from  the  lower  quadrigeminal  body,  advances  towards  the  corpus  geniculatum 
internum  and  disappears  from  view  under  covei'  of  this  prominence.    Upon  the 
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LATERAL  ROOT. 


^SUPR.  BRACHIUM. 
^INFR-  BRACHIUM, 
^SUPR.  QUAD.BODYi 
'iNFR,  QUAD. BODY. 


Opposite  side  of  the  same  geniculate  body  the  mesial  root  of  origin  of  the  optic  tract 
takes  shape  on  the  surface,  and  the  appearance  is  such  that  the  conclusion  might 
very  naturally  be  arrived  at  that  the  inferior  brachium  and  this  root  of  the  optic 
tract  are  continuous  with  each  other  under  the  geniculate 

~  PULVINAR 

elevation.    This  is  not  the  case,  however ;  the  fibres  of  /  jOorp:gen;ext: 

the  inferior  brachium,  to  a  large  extent,  proceed  into 
the  subjacent  tegmentum  under  cover  of  the  internal 
geniculate  body  and  help  to  constitute  an.  ascending 

tract  from  the  inferior  C|uadrigeminal  body,  which  pro-  WW  ^  mesial  root. 

ceeds  upwards  to  the  optic  thalamus.    Of  the  fibres  lill^^-^ 

of  the  mesial  root  of  the  optic  tract  some  end  in  the 

gray  matter  of  the  internal  geniculate  body,  whilst 

others  arise  within  it.  They  constitute  what  is  called 
n„            „«w.^;„<,„^«  Fio.  363. — Diagram  of  the  Roots 

(jrudcieii  s  commissure.  ^  t.t 

^.wiixiiiiijoiiio.  ^  ^jj^  Optic  Nerve. 

The  superior  brachium  (brachium  quadrigeminuin 

supeiius)  is  carried  upwards  and  forwards  between  the  overhanging  pulvinar  and 

the  corpus  geniculatum  internum.    A  surface  examination  of  the  mesencephalon  is 

sufficient  to  show  that,  while  a  large  part  of  this  strand  enters  the  corpus 

geniculatum  externum,  a  considerable  portion  runs  into  tlie  lateral  root  of  the 

optic  tract. 

The  optic  tract  is  thus  attached  to  the  brain-stem  by  two  roots,  viz.  a  mesial 
and  a  lateral,  which  are  separated  from  each  other  by  a  distinct  groove.  The 
mesial  root  disappears  under  the  internal  geniculate  body.  The  lateral  root  spreads 
out  and  some  of  its  fibres  enter  the  superior  quadrigeminal  body  through  its 
brachium,  whilst  others  find  their  way  into  the  corpus  geniculatum  externum  and 
the  pulvinar  of  the  optic  thalamus. 

Crura  cerebri  (pedunculi  cerebri). — The  crura  cerebri  constitute  the  chief  bulk 
of  the  mesencephalon  (Fig.  364,  p.  492).  Upon  the  basal  aspect  of  the  brain  they 
appear  as  two  large  rope-like  strands,  which  emerge  close  together  from  the  upper 
aspect  of  the  pons  Varolii  and  diverge  as  they  proceed  upwards  to  enter  the 
cerebrum.  At  the  place  where  each  crus  disappears  into  the  corresponding  side 
of  the  cerebrum,  it  is  encircled  by  the  optic  tract. 

Each  crus  cerebri  is  composed  of  two  parts,  viz.  a  dorsal  tegmental  part  (teg- 
mentum), which  is  prolonged  upwards  into  the  region  below  the  optic  thalamus 
(subthalamic  tegmental  region),  and  a  ventral  pedal  portion  or  crusta  (basis  pedun- 
culi), which,  when  traced  upwards  into  the  cerebrum,  is  seen  to  take  up  a  position 
on  the  outer  side  of  the  optic  thalamus  and  to  be  continuous  with  the  internal 
capsule.  When  the  base  of  the  brain  is  examined  it  is  the  crusta  which  is  seen, 
and  it  is  observed  to  be  white  in  colour  and  streaked  in  the  longitudinal  direction. 
In  the  tegmentum  the  longitudinally-arranged  fibres  are,  for  the  most  part,  cortici- 
petal,  or,  in  other  words,  fibres  which  are  ascending  towards  the  cortex  of  the 
cerebrum ;  the  crusta,  on  the  other  hand,  is  entirely  composed  of  longitudinal 
strands  of  fibres  which  are  corticifugal  or  fibres  which  descend  from  the  cortex 
cerebri. 

On  the  surface  of  the  mesencephalon  the  separation  between  the  tegmental  and 
pedal  portions  of  the  crus  cerebri  is  clearly  indicated  by  an  inner  and  an  outer  groove. 
The  inner  or  mesial  furrow  is  the  more  distinct  of  the  two.  It  looks  into  the 
interpeduncular  space,  and  from  it  emerge  the  fascicles  of  the  third  or  oculo-motor 
nerve.  It  is,  therefore,  termed  the  sulcus  oculo-motorii  (sulcus  nervi  oculo-motorii). 
The  outer  groove,  which  is  placed  on  the  lateral  aspect  of  the  mesencephalon, 
receives  the  name  of  the  sulcus  lateralis  mesencephali.  When  traced  downwards,  it 
is  observed  to  become  continuous  with  the  furrow  which  intervenes  between  the 
middle  and  superior  peduncles  of  the  cerebellum. 

A  close  inspection  of  the  outer  surface  of  the  tegmental  part  of  the  crus  cerebri, 
below  the  level  of  the  quadrigeminal  brachia,  will  reveal  some  faintly-marked 
bundles  of  fibres  curving  obliquely  upwards  and  backwards  to  reach  the  inferior 
quadrigeminal  body  (Fig.  335,  p.  449).  These  are  fibres  of  the  lateral  fillet,  coining 
to  the  surface  at  the  sulcus  lateralis  and  sweeping  over  the  subjacent  superior 
cerebellar  peduncle  to  gain  the  inferior  quadrigeminal  body. 
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INTERNAL  STRUCTURE  OF  THE  MESENCEPHALON. 

When  transverse  sections  are  made  through  the  mesencephalon  the  aqueduct  of 
Sylvius  is  seen  to  be  surrounded  by  a  thick  layer  of  gray  matter,  which  receives  the 
name  of  the  Sylvian  gray  matter  or  the  central  gray  matter  of  the  aqtueduct  (stratum 
griseum  centrale).  On  the  dorsal  aspect  of  the  Sylvian  gray  matter  the  corpora 
quadrigemina  form  a  layer  which  separates  it  from  the  surface,  and  to  which  the 

term  lamina  quadrigemina  is  applied. 
On  the  ventral  and  lateral  aspects 
of  the  Sylvian  gray  matter  are  the 
tegmental  portions  of  the  crura 
cerebri,  whilst,  intervening  between 
each  of  the  latter  and  the  correspond- 
ing crusta,  there  is  a  conspicuous  mass 
of  dark  pigmented  matter  termed 
the  substantia  nigra. 

Sylvian  aqueduct  and  Sylvian 
gray  matter  (aqu;eductus  cerebri — 
stratum  griseum  centrale). —  The 
aqueduct  of  Sylvius  is  the  canal 
which  leads  from  the  fourth  ven- 
tricle below,  upwards  through  the 
mesencephalon,  to  the  third  ventricle 
above.  It  is  not  quite  three-quarters  of  an  inch  in  length,  and  it  lies  much  nearer 
the  dorsal  than  the  ventral  surface  of  the  mesencephalon.  When  examined  in 
transverse  section,  it  presents  a  triangular  outline  as  it  passes  into  the  fourth 
ventricle  and  a  T-shaped  outline  close  to  the  third  ventricle.  In  the  intermediate 
part  of  its  course  it  assumes  different  outlines,  and  not  always  the  same  form  at  the 
same  level  in  different  individuals. 

The  aqueduct  of  Sylvius  is  lined  by  ciliated  epithelium,  and  outside  this  is  the 
thick  layer  of  Sylvian  gray  matter,  which  is  directly  continuous  below  with  the  gray 
matter  spread  out  on  the  floor  of  the  fourth  ventricle,  and  above  with  gray  matter 
on  the  floor  and  sides  of  the  third  ventricle.  Scattered  more  or  less  irregularly 
throughout  the  Sylvian  gray  matter  are  numerous  nerve-cells  of  varyiiag  forms  and 
sizes,  whilst  in  addition  to  these  there  are  three  definite  collections  or  clusters  of 
cells,  which  constitute  the  nuclei  of  origin  of  the  trochlear  nerve,  the  oculo-motor 
nerve,  and  the  mesencephalic  root  of  the  trigeminal  nerve.  The  position  and 
relations  of  these  will  be  given  at  a  later  stage. 

Substantia  Nigra. — When  seen  in  transverse  section,  the  substantia  nigra 
presents  a  semilunar  outline.  It  consists  of  a  mass  of  gray  matter,  in  the  midst  of 
wliich  are  large  numbers  of  deeply  pigmented  nerve-cells.  It  is  only  when  this 
substance  is  examined  in  bulk  that  it  appears  dark ;  in  thin  sections  it  does  not 
differ  much  in  colour  from  ordinary  gray  matter,  although,  under  the  microscope, 
the  brown-coloured  cells  stand  out  very  conspicuously,  even  under  low  powers. 
The  substantia  nigra  is,  in  reality,  disposed  in  the  form  of  a  thick  band,  interposed 
between  the  tegmental  and  pedal  portions  of  the  crus  cerebri.  It  begins  below  at 
the  upper  border  of  the  pons  Varolii  and  extends  upwards  into  the  subthalamic 
region.  The  margins  of  this  band  of  dark-coloured  substance  come  to  the  surface 
at  the  oculo-motor  and  the  lateral  sulci  of  the  mesencephalon,  and  its  inner  part  is 
traversed  by  the  emerging  fascicles  of  the  oculo-motor  nerve.  It  is  not  equally 
thick  throughout.  Towards  the  lateral  sulcus  it  becomes  thin,  whilst  it  thickens 
considerably  near  the  inner  aspect  of  the  crus  cerebri.  The  surface  of  the  sub- 
stantia nigra,  which  is  turned  towards  the  tegmentum,  is  concave  and  uniform ;  the 
opposite  surface  is  convex  and  rendered  irregular  by  the  presence  of  numerous 
slender  prolongations  of  the  substance  into  the  crusta. 

The  morphological  and  physiological  significance  of  the  substantia  nigra  is  not 
fully  understood,  and  the  connexions  established  by  its  cells  are  imperfectly 
known. 

Inferior  Quadrigeminal  Bodies  (colliculi  inferiores). — Each  of  the  inferior 


INTEENAL  STKUCTUEE  OF  THE  MESENCEPHALON. 


493 


qiiadrigeminal  bodies  is  largely  composed  of  a  mass  of  gray  matter  which,  in 
transverse  section,  presents  an  oval  outline  (Fig.  367,  p.  496).  This  central 
nucleus  is,  to  a  large  extent,  encapsulated  by  white  matter.  Numerous  cells  of 
different  sizes  are  scattered  throughout  it,  and  the  whole  mass  is  pervaded  by  an 
intricate  interlacement  of  fine  fibres,  which  are  derived  from  the  lateral  fillet 
and  the  inferior  brachium. 

In  transverse  sections,  througli  this  region,  the  lateral  fillet  is  seen  to  abut 
against  the  outer  margin  of  the  central  nucleus.  Many  of  the  fibres  of  this  tract 
enter  it  at  once  and  become  dispersed  amo'ngst  its  cells;  others  sweep  over  its 
dorsal  surface,  so  as  to  give  it  a  superficial  covering ;  whilst  a  third  group  is  carried 
in  the  form  of  a  thin  layer  inwards  on  its  ventral  aspect,  so  as  to  mark  it  off  from 
the  subjacent  Sylvian  gray  matter  of  the  aqueduct  (Fig.  367,  p.  496).  In  this 
manner,  therefore,  the  inferior  quadrigeminal  nucleus  becomes  partially  circum- 
scribed by  the  fibres  of  the  lateral  fillet.  Several  of  the  lateral  fillet  fibres,  which 
proceed  over  the  superficial  or  dorsal  aspect  of  the  nucleus,  reach  the  mesial  plane 
and  form  a  loose  decussation  with  the  corresponding  fibres  of  the  opposite  side. 

The  mtimate  connexion  which  is  thus  exhibited  between  the  fibres  of  the  lateral  fillet  and 
the  nucleus  of  the  inferior  quadrigeminal  body  is  very  significant.  It  has  already  been  shown 
that  the  lateral  fillet,  to  a  large  extent,  comes  from  the  nuclei  of  termination  of  the  cochlear 
nerve  of  the  opposite  side,  although  most  of  its  fibres  have  to  jjass  through  several  nuclear  inter- 
nodes  before  they  reach  the  inferior  quadrigeminal  body.  We  must  associate,  therefore,  the 
inferior  quadrigeminal  body,  and  also  the  corpus  geniculatum  internum,  which  likewise  receives 
lateral  fillet  fibres,  witli  the  organ  of  hearing. 

This  view  of  the  inferior  quadrigeminal  bodies  is  supported  both  by  experimental  and  by 
morphological  evidence.  Speaking  broadly,  it  may  be  stated  that  the  inferior  quadrigeminal 
bodies  are  only  present  as  distinct  eminences  in  mammals,  and  then  they  are  invariably  correlated 
with_  a  spirally- wound  and  well-developed  cochlea.  That  they  have  nothing  to  do  with  sight 
is  shown  by  the  fact  that,  when  the  eyeballs  are  extirpated  in  a  young  animal,  the  inferior 
quadrigeminal  bodies  remain  unaft'ected,  whilst  the  superior  quadrigeminal  bodies  after  a  time 
atrophy  (Gudden).  When,  on  the  other  hand,  the  cochlear  terminal  nuclei  are  destroyed,  fibres 
which  have  undergone  atrojjhy  may  be  followed  to  the  inferior  quadrigeminal  bodies  of  both 
sides,  but  particularly  to  that  of  the  opposite  side  (Baginski,  Bumm,  and  Ferrier  and  Turner).  A 
very  considerable  tract  of  ascending  fibres  takes  origin  within  the  inferior  quadrigeminal  body 
and  passes  upwards,  in  the  inferior  brachium,  into  the  tegmentum  subjacent  to  the  internal  geni- 
culate body.  Within  the  tegmentum  they  proceed  up  to  the  optic  thalamus  (Ferrier  and 
Turner). 

Superior  Quadrigeminal  Bodies  (coUiculi  superiores). — The  superior  quadri- 
geminal body  presents  a  more  complicated  structure  (Fig.  366).  Siiperficially,  it  is 
coated  with  a  layer  of  white  matter,  which  is  termed  tlie  stratum  zonale.  Underneath 
this  there  is  a  gray  nucleus,  called  the  stratum  cinereum,  which  in  transverse  section 
exhibits  a  crescentic  outHne  and  rests  in  a  cap-like  manner  upon  the  subjacent  part 
of  the  eminence.  The  succeeding  two  strata,  which  respectively  receive  the  names 
of  stratum  opticum  and  the  stratum  lemnisci,  present  this  feature  in  common  that 
they  are  composed  of  gray  matter,  traversed  by  numerous  fibres.  The  source  from 
which  the  fibres  are  derived  differs,  however,  in  each  case. 

Nerve-fibres  reach  the  superior  quadrigeminal  body  through — (1)  the  lateral 
and  mesial  fillets,  and  (2)  through  the  superior  brachium.  The  fillet  fibres  enter 
the  stratum  lemnisci,  and,  in  all  probability,  end  there.  The  superior  brachium 
contains  fibres  of  two  different  kinds,  viz.  fibres  from  the  optic  tract  and  fibres  from 
the  cortex  of  the  occipital  lobe  of  the  cerebrum.  By  the  former  it  is  connected 
with  the  retina,  and  by  the  latter  with  the  visual  centre  in  the  occipital  region  of 
the  cerebral  cortex.  The  retinal  fibres,  for  the  most  part,  spread  out  on  the  surface 
of  the  quadrigeminal  body  and  form  the  stratum  zonale.  Most  of  them  dip  down 
into  the  substance  of  the  body  and  end  in  connexion  with  the  cells  of  the  deeper 
layers ;  several,  however,  are  carried  across  the  mesial  plane,  to  end  in  the  superior 
quadrigeminal  body  of  the  opposite  side.  The  occipital  fibres,  and  probably  also 
some  of  the  retinal  fibres,  enter  the  stratum  opticum.  The  fibres  from  the  occipital 
cortex  form  part  of  the  optic  radiation,  and  the  course  which  they  pursue  will  be 
dealt  with  later  on. 

Tegmental  Portions  of  the  Crura  Cerebri  (tegmenta). — The  tegmentum  of 
the  crus  cerebri  may  be  regarded  as  the  continuation  upwards  of  the  formatio 
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reticularis  of  the  medulla  and  the  dorsal  or  tegmental  portion  of  the  pons  into  the 
mesencephalon.  It  therefore  consists  of  fine  bundles  of  longitudinal  fil)res  inter- 
sected by  arching  fibres,  which  take  a  transverse  and  curved  course.  The  interstices 
between  these  nerve-bundles  is  occupied  by  gray  matter  containing  irregularly 
scattered  nerve-cells.     On  its  dorsal  aspect  the  tegmentum  is  continuous,  at  the 

side  of  the  Sylvian  gray 
matter,  with  the  bases  of 
the  corpora  rpiadrigemina, 
whilst  ventrally  it  is  separ- 
ated from  the  crusta  by 
the  substantia  nigra.  The 
two  tegmenta  of  opposite 
sides  are,  to  some  extent, 
marked  off  from  each  other 
in  the  mesial  plane  by  a 
prolongation  upwards  of 
the  median  raphe  of  the 
pons  and  medulla,  al- 
though, in  the  lower  part 
of  the  mesencephalon,  this 
is  much  obscured  by  the 
decussation  of  the  superior 
peduncles  of  the  cerebel- 
lum. The  two  longitiidinal 
straiids,  termed  the  pos- 
terior longitudinal  bundle 
and  the  fillet,  are  pio- 
longed  upwards  through- 
out the  entire  length  of 
the  mesencephalon ;  and 
they  present  the  same 
relations  to  the  tegmentum 
as  in  the  lower  parts  of 
the  brain.  The  former  is 
placed  in  relation  to  its  dorsal  aspect,  whilst  the  fillet  is  carried  up  in  its  ventral 
part. 

The  tegmentum  of  the  crus  cerebri  may  be  considered  as  presenting  two  parts : 
viz.  (1)  a  lower  part,  which  is  placed  subjacent  to  the  inferior  quadrigeminal  bodies 
and  which  is  largely  occiipied  by  the  decussation  of  the  superior  cerebellar  peduncles 
(Fig.  365) ;  and  (2)  a  superior  part,  sul:)jacent  to  the  superior  quadrigeminal 
bodies,  which  is  traversed  by  the  emerging  bundles  of  the  third  nerve  and  which 
contains  a  large  and  striking  nuclear  mass,  termed  the  nucleus  ruber  or  the  red  teg- 
mental nucleus  (Fig.  366).  In  the  lower  part  of  the  mesencephalon  is  the  nucleus 
of  the  fourth  nerve ;  in  the  upper  part,  the  nucleus  of  the  third  nerve. 

Superior  Cerebellar  Peduncles  (brachia  conjunctiva). — As  the  superior  cere- 
bellar peduncles  leave  the  pons  and  sink  into  the  tegmenta  of  the  mesencephalon, 
they  undergo  a  complete  decussation  subjacent  to  the  inferior  quadrigeminal 
bodies  and  the  Sylvian  gray  matter  {¥igs.  347,  p.  467 ;  367,  p.  496 ;  and  365).  • 
In  this  manner  each  peduncle  is  transferred  from  one  side,  across  the  mesial 
plane,  to  the  opposite  side.  The  decussation  is  completed  at  the  level  of 
the  upper  borders  of  the  inferior  quadrigeminal  bodies,  and  then  each  peduncle 
proceeds  upwards  into  the  superior  part  of  the  tegmentum,  where  it  encounters 
the  red  nucleus.  Into  this  a  large  proportion  of  its  fibres  plunge  and  come  to  an 
end  in  connexion  with  the  nuclear  cells.  Many  of  the  peduncular  fibres,  how- 
ever, are  carried  aroiind  the  nucleus  so  as  to  form  for  it  a  capsule  which  is  thicker 
on  the  inner  than  on  the  oiiter  side  (Fig.  366).  These  are  prolonged  into  the 
subthalamic  region,  and  ultimately  reach  the  ventral  aspect  of  the  optic  thala- 
mus, into  which  they  proceed.  A  certain  number  of  these  filjres  end  in  connexion 
with  the  cells  of  the  thalamus,  whilst  it  is  held  by  certain  observers  that  the 
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Fio.  365. — Transverse  Section  through  the  Human  Mesencephalon 
AT  the  Level  of  the  Inferior  Quadrigeminal  Body. 
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remaindei-  make  their  way  tlirough  the  optic  thalamus,  enter  the  posterior  limb 
of  the  internal  capsule,  and,  through  this,  are  carried  upwards  to  the  cerebral  cortex  of 
the  Eolandic  area  (Flechsig  ;  Ferrier,  and  Turner).  The  superior  cerebellar  peduncle 
is,  therefore,  to  be  regarded  as  a  great  efferent  tract  which  issues  from  the  lateral 
hemisphere  of  the  cerebellum,  crosses  the  mesial  plane  in  the  lower  part  of  the 
mesencephalon,  and  ends  in  the  red  nucleus,  the  ventral  part  of  the  optic  thalamus 
and  the  Eolandic  area  of  the  cerebral  cortex  of  the  opposite  side. 


Fig.  366. — Thansveese  Section  through  the  Human  Mesencephalon  at  the  Level  of  the  Superior 

quadrigeminal  body. 


Red  Nucleus  (nucleus  ruber).— This  is  an  elongated  nuclear  mass,  of  a  reddish 
tint  in  the  fresh  brain,  which  lies  in  the  upper  part  of  the  tegmentum,  and  in 
transverse  section  presents  a  circular  outline.  It  begins  at  the  level  of  the  lower 
border  of  the  superior  quadrigeminal  body  and  it  extends  upwards  into  the  siib- 
thalaniic  tegmental  region.  At  first  it  is  small  and  is  placed  at  a  little  distance  from 
the  mesial  plane;  but  as  it  proceeds  towards  the  subthalamic  region,  it  increases  in  bulk 
and  approaches  more  nearly  to  the  mesial  raphe,  and  its  neighboiir  of  the  opposite 
side.  The  curved  emerging  bundles  of  the  third  nerve  pass  through  it  on  their  way 
to  the  surface.  The  relation  which  the  fibres  of  the  opposite  superior  cerebellar 
peduncle  present  to  it  has  been  described.  These  fibres  traverse  its  lower  part  in 
such  numbers  that  in  Weigert-Pal  specimens  it  presents  a  very  dark  colour ;  but 
higher  up,  as  the  fibres  are  gradually  absorbed  by  the  nuclear  mass,  they  become 
less  numerous  in  its  midst,  and  the  nucleus  assumes  a  paler  tint. 

The  posterior  longitudinal  fasciculus  is  a  very  conspicuous  tract  of  longi- 
tudinal fibres  which  extends  throughout  the  whole  length  of  the  medulla,  pons,  and 
mesencephalon,  in  the  formatio  reticularis  or  tegmental  part  of  each.  Below,  at  the 
level  of  the  decussation  of  the  pyramids,  it  becomes  continuous  with  the  anterior 
basis-bundle  of  the  spinal  cord  (p.  455),  whilst,  by  its  opposite  or  upper  end,  it 
establishes  intricate  connexions  in  the  region  immediately  above  the  mesencephalon.. 
Throughout  its  whole  length  it  lies  close  to  the  mesial  plane  and  its  fellow  of  the 
opposite  side.  In  the  mesencephalon  it  is  applied  to  the  ventral  aspect  of  the 
Sylvian  gray  matter,  whilst  in  the  pons  and  medulla  it  is  situated  immediately 
subjacent  to  the  gray  matter  of  the  floor  of  the  fourth  ventricle.    One  of  its  most 
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3()7. — Section  through  the  Inferior  Quadrioeminal 
Body  and  thk  Tegmentum  ok  the  Mesencephalon 
BELOW  the  Level  of  the  Nucleus  of  thk  Foui<TH 
Nehve  in  THE  Orang.  (The  decussation  of  the  .superior 
cerebellar  peduncles  and  the  course  of  tlie  fourth  nerve 
in  the  Sylvian  gray  matter  is  seen.) 


salient  features  is  the  intimate  association  whicli  it  presents  with  the  three  motor 
nuclei  from  which  the  nerves  for  the  supply  of  the  muscles  of  the  eyeball  take 

origin,  viz.  the  oculo  -  motor  or 
third  nucleus,  the  trochlear  or 
fourth  nucleus,  and  the  abducent 
or  sixth  nucleus.  The  first  two 
of  these  are  closely  applied  to  its 
inner  and  dorsal  aspect,  whilst 
the  abducent  nucleus  is  placed  on 
its  outer  side.  Into  each  of  these 
nuclei  it  sends  many  collaterals, 
and  probably  also  some  of  its 
constituent  fibres,  and  these  end 
in  terminal  arborisations  around 
the  nuclear  cells.  It  would  appear, 
therefore,  that  one  of  the  most  im- 
portant functions  of  this  strand  is 
to  bind  together  these  nuclei,  and 
thus  enable  them  to  act  in  harmony 
with  each  other.  Fibres  also  enter 
the  posterior  longitudinal  fasci- 
culus from  the  auditory  system 
and  perhaps,  also,  from  the  facial 
and  other  motor  nuclei.  The 
results  obtained  by  degeneration 
would  seem  to  indicate  that,  to  a 
large  extent,  it  is  formed  of  fibres  which  run  a  short  course  within  it. 

In  spite  of  the  large  amount  of  attention  wliicli  has  been  given  to  the  study  of  the  posterior 
longitudinal  liundle,  it  must  be  admitted  tliat  there  is  little  unanimity  of  opinion  regarding  its 
connexions  and  functions.  That  it  is  a  brain  tract  of  high  importance  is  evident  from  the  fact 
that  it  is  present  in  all  vertebrates,  and,  further,  that  its  fibres  as.sume  their  medullary  sheaths 
at  an  extremely  early  period.  In  fish,  amphibians,  and  reptiles,  it  is  one  of  the  most  powerful 
bundles  of  the  medulla.  In  man  its  fibres  niedullate  between  the  sixth  and  seventh  months  of 
foetal  life,  and  at  the  same  time  as  the  fibres  of  the  anterior  basis-bundle  of  the  cord,  with  which 
it  stands  in  connexion. 

According  to  Van  Gehuchten  and  Edinger,  it  extends  upwards  beyond  the  level  of  the 
oculomotor  nucleus,  and  in  the  sul)thalamic  region  its  fibres  take  origin  from  a  special  nucleus  of 
its  own  in  the  gray  matter  of  the  third 
ventricle,  immediately  below  the  level 
of  the  corpora  mammillaria.  Held  asserts 
that  numerous  fibres,  arising  from  cells 
in  the  superior  quadrigeminal  body, 
curve  in  an  arcuate  manner  in  the  teg- 
mentum outside  the  Sylvian  gray  matter, 
to  take  part  on  the  ventral  asjjeet  of  this 
in  what  is  called  the  "  fountain  decussa- 
tion." Reaching  the  opposite  side  these 
fibres  turn  downwards  and  join  the 
])osterior  longitudinal  fasciculus.  The 
same  authority  considers  that  fibres 
from  the  ventral  part  of  the  posterior 
commissure  can  also  be  traced  down- 
wards into  the  posterior  longitudinal 
bundle.  Edinger,  on  the  other  hand, 
places  these  fibres  as  a  distinct  tract  on 
the  ventral  and  lateral  aspect  of  the 
posterior  longitudinal  bundle,  although 
in  apposition  with  it. 

Mendel  believes  that  fibres  from  the 
ocnlo-motor  nucleus  are  carried  down  in 
the  posterior  longitudinal  bundle,  and, 
from  this,  into  the  facial  nerve  for  the 
supply  of  the  orbicularis  pal]iebrarum 
and  the  corrugator  supercilii,  bringing  these  muscles  therefore  under  the  control  of  the  same 
nucleus  as  the  levator  ])alpebrte  superioris  muscle.  This  view  has  received  corroboration  at 
the  hands  of  Tooth  and  Turner.    It  has  been  further  suggested  that  fibres  from  the  hypoglossal 
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Fig.  368. — Section  through  the  Inferior  Quaurigkminal 
Body  and  the  Tegmentum  of  the  Mesencephalon, 
at  a  slightly  Lower  Level  than  Fig.  307. 
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nucleus  may,  by  the  posterior  longitudinal  fasciculus,  reach  the  facial  nerve,  and  through  it  the 
orbicularis  oris.  In  this  manner,  therefore,  the  same  nucleus  would  hold  sway  over  the  tongue 
and  the  sphincter  muscle  of  the  lips.  The  close  relation  which  exists  between  the  ascending  part 
of  the  intrapontine  portion  of  the  facial  nerve  and  the  posterior  longitudinal  bundle  would  render 
the  passage  of  fil^res  from  one  to  the  other  a  matter  which  could  easily  be  understood.  Another 
interchange  of  filjres  through  the  posterior  longitudinal  bundle  has  been  described  by  Duval 
and  Laborde.  According  to  these  authorities,  fibres  from  the 
abducent  nucleus  ascend  in  the  posterior  longitudinal  bundle 
into  the  mesencephalon,  and,  ci'ossing  the  mesial  plane,  pass 
out  with  the  opposite  oculo-motor  nerve  for  the  supply  of  the 
internal  rectus  muscle.  If  this  view  be  correct,  it  affords  a 
ready  and  simple  anatomical  explanation  of  the  harmonious 
action  of  the  external  and  internal  recti  muscles  in  producing 
movements  of  the  two  eyeballs  simultaneously  to  the  right  and 
to  the  left. 

Lateral  Fillet  (lemniscus  lateralis). — The  lateral 
lillet  is  a  defiuite  tract  of  longitudinal  fibres,  which 
extends  upwards  through  the  lateral  part  of  the  teg- 
mental substance  of  the  upper  portion  of  the  pons  and 
the  mesencephalon.  It  is  formed  by  the  fibres  of  the 
corpus  trapezoides  in  the  lower  part  of  the  pons, 
abruptly  turning  upwards  and  taking  a  course  towards 
the  quadrigeminal  region.  Entering  into  its  consti- 
tution, therefore,  are  fibres  from  several  sources,  viz. 
(1)  from  the  terminal  cochlear  nuclei  of  the  opposite 
side ;  (2)  from  the  terminal  cochlear  nuclei  of  the 
same  side ;  (3)  from  the  superior  olivary  nuclei.  As 
the  tract  proceeds  upwards  a  continuation  of  the  gray 
matter  of  the  superior  olivary  nucleus  is  carried  up  in 
connexion  with  it  to  form  the  nucleus  of  the  lateral 
fillet,  and  from  this  fibres  are  also  added  to  the  strand. 
In  the  mesencephalon  the  fibres  of  the  lateral  fillet 
end  in  the  nucleus  of  the  inferior  quadrigeminal  body 
(p.  493)  and  in  the  gray  substance  of  the  corpus  geniculatum  internum,  whilst  a 
few  are  carried  into  the  superior  quadrigeminal  body.  The  fibres  which  go  to  the 
inferior  quadrigeminal  body  sweep  outwards  round  the  outer  side  of  the  superior 
cerebellar  peduncle,  and  to  some  extent  appear  on  the  surface  of  the  mesencephalon 
(p.  491). 

But  the  lateral  fillet  cannot  be  considered  as  a  tract  comiDosed  entirely  of  ascending  fibres 
belonging  to  the  auditory  system.  It  also  contains  descending  fibres,  the  connexions  and 
functions  of  which  are  not  fully  understood.  These  have  been  traced  by  Fei'rier  and  Turner 
through  the  pons  and  medulla  into  the  lateral  column  of  the  cord. 

Mesial  Fillet  (lemniscus  mesialis). — The  mesial  fillet  has  already  been  followed 
through  the  medulla  and  pons,  and  its  position  in  each  of  these  portions  of  the 
brain-stem  has  been  defined  (pp.  456  and  467).  In  the  tegmentum  of  the  lower 
part  of  the  mesencephalon  it  is  carried  up  in  the  form  of  a  more  or  less  flattened 
band  on  the  ventral  aspect  of  the  decussating  superior  cerebellar  peduncles.  To 
its  outer  side,  and  forming  an  angle  with  it  (as  seen  in  transverse  section),  is  the 
lateral  fillet  (Figs.  367  and  368),  and  at  this  level  there  is  no  clear  demarcation 
between  these  two  tracts.  In  the  upper  part  of  the  mesencephalon  the  appearance 
of  the  red  nucleus  in  the  tegmentum  causes  the  mesial  fillet  to  take  up  a  more  lateral 
and  dorsal  position,  so  that  it  now  comes  to  lie  subjacent  to  the  corpus  geniculatum 
internum  (Fig.  366,  p.  495).  At  this  level  it  exhibits  a  crescentic  outhne  in  trans- 
verse section,  and  the  lateral  fillet  has  to  a  large  extent  disappeared  from  its  outer  side. 

The  mesial  fillet  takes  origin  in  the  lower  part  of  the  medulla  oblongata  from 
the  gracile  and  cuneate  nuclei  of  the  opposite  side  (p.  457).  Seeing  that  the 
posterior  column  of  the  cord  ends  in  these  nuclei,  the  fillet  may  be  considered  to 
continue  that  colunm  upwards  into  the  brain.  In  the  mesencephalon  a  consider- 
able contribution  of  fibres  is  given  by  the  mesial  fillet  to  the  superior  quadrigeminal 
body,  and  then  the  remainder  of  the  tract  proceeds  through  the  subthalamic  teg- 
mental region  into  the  hinder  part  of  the  lateral  nucleus  of  the  optic  thalamus. 
32 


Fig.  369. — Diagram  of  the  Con- 

NKXIONS  of  the  POSTERIOR 
LONOri'DDINAL  BUNDLE  (after 
Held — nioditied). 


498 


THE  NEEVOUS  SYSTEM. 


Here  many  of  its  fibres  end  in  terminal  arborisations  around  the  thalamic  cells ; 
whilst  others,  according  to  certain  observers,  emerge  from  the  thalamus,  enter  the 
posterior  limb  of  the  internal  capsule,  and  ascend  through  the  corona  radiata  to  the 

Eolandic  area  of  the  cerebral  cortex, 
in  which  they,  for  the  most  part,  end 
in  the  posterior  central  convolution 
(Flechsig). 

Ganglion  Interpedunculare  and  Fasci- 
culus Retroflexus. — On  the  A'eiitral  aspect 
(jf  tlie  tegnientuin  close  to  tlie  surface  and  to 
tlie  mesial  plane,  there  is  a  small  gronp  of 
cells  in  the  lower  part  of  the  gray  matter 
whicli  forms  the  locus  perforatus  posticus. 
This  is  termed  the  ganglion  riiteiyedtmcidare. 

The  fasciculus  retroflexus  is  a  small  band 
of  fibres  which  arises  above  in  the  ganglion 
liabenulse — a  nuclear  mass  which  will  be 
studied  in  connexion  with  tlie  diencephalon 
— and  which  runs  downwards  and  forwards 
in  the  tegmentum  of  the  upper  part  of  the 
mesencephalon  between  the  inner  aspect  of 
the  nucleus  ruber  and  the  mesial  jjlane,  to 
end  in  the  ganglion  interpedunculare. 

The  Fountain  Decussation.  —  If  the 
region  in  front  of  the  posterior  longitudinal 
bundles  be  examined  in  the  upper  part  of 
the  mesencephalon  a  very  close  decussation  of 
fibres  in  the  mesial  plane  will  be  observed 
in  tlie  interval  between  the  two  red  nuclei. 
This  is  the  "  fountain  decus.sat  ion."  Accord- 
ing to  Held,  the  fibres  which  take  part  in  the 
dorsal  portion  of  the  fountain  decussation  (de- 
cussation of  Meynert)  come  from  the  superior 
(piadrigeminal  bodies,  and,  after  they  have 
gained  the  opposite  side,  they  turn  down- 
wards in  the  posterior  longitudinal  fasciculus. 
The  ventral  part  of  the  decussation  (decussa- 
tion of  Forel)  would  appear  to  be  formed  by 
arcuate  fibres  of  the  tegmentum  which  arise 
in  the  gray  matter  of  the  Sylvian  aqueduct. 

Crusta  or  Pes  of  the  Crus  Cerebri  (Ijasis  pedunculi). — The  crusta  presents  a 
somewhat  crescentic  outline  when  seen  in  section,  and  it  stands  quite  apart  from 
its  fellow  of  the  opposite  side.  It  is  composed  of  a  compact  mass  of  longitudinally 
directed  fibres,  all  of  which,  as  Dejerine  has  shown,  arise  in  the  cortex  of  the 
cereln'um  and  pursue  an  unbroken  corticifugal  course  into  and  through  the  crusta 
of  the  crus  cerebri.  These  fibres  may  be  classified  into-  two  distinct  sets,  viz. 
cortico-pontine  and  pyramidal. 

The  cortico-pontine  fibres  possess  this  leading  peculiarity  :  in  their  course  down- 
wards they  are  all  arrested  in  the  ventral  part  of  the  pons  Varolii  and  end  in 
fine  terminal  arborisations  around  the  cells  of  the  nucleus  pontis.  They  come  from 
certain  well-defined  areas  of  cerebral  cortex,  viz.  (1)  the  cortex  of  the  prefrontal 
part  of  the  frontal  lobe,  and  (2)  the  cortex  of  the  middle  portion  of  the  temporal 
lobe.  These  tracts  would  appear  to  hold  a  very  definite  position  within  the  crus. 
Thus  it  has  been  satisfactorily  established  that  the  temporo-po7itine  strand  forms  the 
outer  or  lateral  fifth  of  the  crusta,  whilst  the  recent  researches  of  Terrier  and 
Turner  render  it  more  than  likely  that  the  fronto-pontine  strand  holds  a  similar 
position  in  the  inner  or  mesial  part  of  the  crusta. 

The  pyramidal  fibres  constitute  the  great  motor  tract  from  the  cerebral  cortex. 
They  occupy  a  position  corresponding  to  the  middle  third  of  the  crusta.  The  pyra- 
midal tract  differs  from  the  cortico-pontine  strands  in  being  carried  downwards 
through  the  ventral  part  of  the  pons  and  on  the  ventral  aspect  of  the  medulla  into 
the  cord,  which  it  enters  in  the  form  of  the  crossed  and  direct  pyramidal  tracts. 
On  its  way  through  the  pons  and  medulla  it  sends  fibres  to  the  various  motor 
nuclei  in  those  sections  of  the  brain-stem. 


Fig.   370. — Diagram  of  thb   Connexions    op  the 
Mesial  Fillet  and  also  of  certain   of  the 

THALAMO-CORTICAt.  J'TBHES. 
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Deep  Origin  of  the  Cranial  Nerves  which  arise  within  the 

Mesencephalon. 

Two  of  the  motor  cranial  nerves,  viz.  the  ocnlo-motor  and  the  trochlear  nerves, 
as  well  as  the  mesencephalic  root  of  the  trigeminal  nerve,  obtain  origin  within  the 
mesencephalon.  The  nuclei  from  which  they  spring  are  all  situated  within  the 
gray  matter  of  the  Sylvian  aqueduct. 

Mesencephalic  Root  of  the  Trigeminal  Nerve  (radix  descendens).— The  fibres 
of  this  root  arise  from  a  column  of  large,  sparsely-arranged  cells,  which  extends 
throughout  the  entire  length 
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of  the  mesencephalon.  These 
cells  lie  in  the  outer  part  of 
the  Sylvian  gray  matter,  close 
to  the  tegmentum.  The  axons 
which  emerge  from  the  cells 
run  downwards  close  to  the 
outer  surface  of  the  Sylvian 
gray  matter  in  the  form  of 
a  small,  gradually -increasing 
tract.  In  the  lower  part  of 
the  mesencephalon  this  tract 
assumes  a  crescentic  outline, 
and  ultimately  comes  to  lie  on 
the  inner  aspect  of  the  superior 
cerebellar  peduncle  (Fig.  346, 
p.  466).  The  further  course  of 
the  mesencephalic  root  of  the 
fifth  nerve  through  the  upper 
part  of  the  pons,  to  the  point 
where  it  joins  the  emerging 
motor  root  of  the  trigeminal 
nerve,  has  already  been  traced  Fig.  371. 
(p.  485). 

Trochlear  or  Fourth 
Nerve  (nervus  trochlearis). — 
The  trochlear  nerve  supplies  the  superior  oblique  muscle  of  the  eyeball.  It 
emerges  from  the  brain,  on  its  dorsal  aspect,  at  the  upper  part  of  the  superior 
medullary  velum,  immediately  below  the  lower  border  of  the  inferior  quadri- 
geminal body  (Fig.  373,  p.  502).  The  nucleus  from  which  it  arises  is  a  small 
oval  mass  of  gray  matter,  placed  in  the  ventral  part  of  the  Sylvian  gray 
matter  at  the  level  of  the  upper  part  of  the  inferior  quadrigeminal  body.  The 
close  association  of  this  nucleus  with  the  posterior  longitudinal  bundle  has  already 
been  alluded  to.  It  is  sunk  deeply  in  a  bay,  which  is  hollowed  out  on  the  dorsal 
and  inner  aspect  of  that  tract.  The  nerve  has  a  course  of  some  length  within  the 
mesencephalon.  The  axons  of  the  cells  leave  the  outer  aspect  of  the  nuclear  mass, 
and  curve  backwards  and  outwards  in  the  Sylvian  gray  matter  until  they  reach  the 
concave  inner  surface  of  the  mesencephalic  root  of  the  trigeminal  nerve.  ^  Here  they 
are  gathered  together  into  one  or  two  round  bundles,  which,  bending  sharply,  turn 
downwards  at  a  right  angle  and  descend  on  the  inner  side  of  the  trigeminal  root. 
"When  the  region  below  the  inferior  quadrigeminal  body  is  reached,  the  nerve 
makes  another  sharp  bend.  This  time  it  turns  inwards,  enters  the  upper  end  of 
the  superior  medullary  velum,  in  which  it  decussates  with  its  fellow  of  the  opposite 
side.  Having  thus  crossed  the  mesial  plane,  the  trochlear  nerve  emerges  at  the 
inner  border  of  the  superior  cerebellar  peduncle.  The  course  pursued  by  the  fourth 
nerve  within  the  Sylvian  gray  matter  may  be  traced  by  examining  in  succession 
Fig.  372  ;  Fig.  367,  p.  496  ;  Fig.  368,  p.  496  ;  and  Fig.  347,  p.  467. 

Oculo-motor  or  Third  Nerve  (nervus  oculo-motorius). — The  oculo-motor  nerve 
supplies  the  levator  palpebral  superioris,  all  the  ocular  muscles,  with  the  exception 
of  the  superior  oblique  and  the  external  rectus,  and  also  two  muscles  within  the 
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Decussation  of 
the  superior 
cerebellar 
peduncles 


eyeball,  viz.  the  sphincter  iridis  and  the  musciilus  ciliaris.  The  nucleus  of  origin  is 
placed  in  the  ventral  part  of  the  Sylvian  gray  matter  subjacent  to  the  superior 

quadrigeminal  body  (Fig.  366, 
p.  495).  In  length  it  measures 
from  5  to  6  mm.  Its  lower 
end  is  partially  continuous 
with  the  nucleus  of  the  troch- 
lear nerve,  whilst  its  upper  end 
extends  upwards  for  a  short 
distance  beyond  the  mesen- 
cephalon into  the  gray  matter 
on  the  lateral  wall  of  the  third 
ventricle.  Its  relation  to  the 
posterior  longitudinal  bundle  is 
even  more  intimate  than  that 
of  the  trochlear  nucleus.  It  is 
closely  applied  to  the  dorsal  and 
inner  aspect  of  this  strand ; 
many  of  its  cells  occupy  a  posi- 
tion in  the  intervals  between 
the  nerve  bundles  of  the  tract, 
and  some  even  are  seen  on  its 
ventral  or  tegmental  aspect. 
KiG.  372. — Section  through  the  Inferior  Quadrigeminal  Body  The  axous  of  the  nuclear  cells 
AND  THE  Tegmentum  of  the  Mesencephalon  at  the  l^gg^yg  i\^q  nucleus  in  numerous 
IjEvel  ok  THE  Lower  Part  of  the  Nucleus  of  the  Troch-   ,  ,  •  i    i  -i 

LEAR  Nerve  (Orang).  bundles,  which  describe  a  series 

of  curves  as  they  proceed  for- 
wards through  the  posterior  longitudinal  bundle,  the  tegmentum,  red  nucleus, 
and  inner  margin  of  the  substantia  nigra,  to  finally  emerge  from  the  brain-stem 
along  the  bottom  of  the  sulcus  oculo-motorius  on  the  inner  aspect  of  the  crus  cerebri. 

The  cells  of  the  oculo-motor  nuclevis  are  not  uniformly  distributed  tliroughout  it.  They  are 
grouped  into  several  more  or  less  distinct  collections  or  clumps,  some  of  which  possess  cells  which 
differ  in  size  and  appearance  from  the  others.  These  cell-clusters  are  very  generally  believed  to 
possess  a  definite  relation  to  the  several  branches  of  the  nerve  and  tlie  nuiscles  which  they 
supply.  Pei'lia  recognises  no  less  than  seven  such  cell-clusters  in  each  luicleus,  with  a  small 
median  nucleus  placed  accurately  on  the  middle  line,  and  from  which  fibres  for  both  nerves 
spring.  Whilst  the  majority  of  the  fibres  in  the  oculo-motor  nerve  arise  from  the  cell-groups 
which  lie  on  its  own  side  of  the  mesial  plane,  it  has  tieeu  satisfactorily  establislied  that  a  certain 
proportion  of  its  fibres  are  derived  from  the  nucleus  of  the  opposite  side,  thus  forming  a  crossed 
connexion  and  giving  rise  to  a  median  decussation.  These  crossed  fibres  are  supposed  by  some 
to  supply  the  internal  rectus  muscle  ;  and  if  this  be  the  case,  the  harmonious  action  of  the  external 
and  internal  recti  muscles  in  producing  the  conjugate  movements  of  the  eyeballs  could  be  under- 
stood without  accei^ting  in  full  the  views  of  Duval  and  Laborde  (p. 

The  oculo-motor  nucleus  is  connected — (1)  with  the  occipital  part  of  the  cerebral  cortex  by 
fibres  which  reach  it  through  the  oj)tic  radiations  ;  (2)  with  the  troclilear  and  abducent  nuclei 
(and  probably  with  other  nuclei)  by  fibres  which  come  to  it  through  the  posterior  longitudinal 
bundle ;  (3)  possibly  with  the  facial  nerve  by  fibres  which  f)ass  out  from  it  into  the  posterior 
longitudinal  bundle  (p.  496) ;  (4)  with  the  visual  system  bj'  fibres  which  enter  it  from  the  cells  of 
the  suj^erior  quadrigeminal  body. 

Development  of  the  Mesencephalon. 

Even  in  the  early  embryo  the  mesencephalon  constitutes  the  smallest  section  of  the 
brain-tube,  although  the  disproportion  in  size  between  it  and  the  other  primitive  sub- 
divisions of  the  brain  is  not  nearly  so  marked  as  in  the  adult.  Owing  to  the  cephalic 
flexure,  the  mid-brain  for  a  time  occupies  the  highest  part  of  the  summit  of  the  head. 
Later  on  it  becomes  completely  covered  over  by  the  expanding  cerebral  hemispheres. 

The  corpora  quadrigemina  are  derived  from  the  alar  laminte  of  the  lateral  walls  of  the 
brain-tube,  wliilst  the  basal  lamin*  thicken  and  idtimately  form  the  tegmenta  and  crustae 
of  the  two  crura  cerebri.  The  original  cavity  of  the  mid  brain  is  retained  as  the  aqueduct 
of  Sylvius. 

For  a  considerable  time  the  cavity  of  the  mesencephalon  remains  relatively  large,  and 
the  lower  part  of  its  dorsal  wall  is  carried  downwards  in  the  form  of  a  diverticulum  or 
recess,  which  overlaps  the  cerebellar  plate.    About  this  time,  also,  the  dorsal  wall  shows  a 
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median  fold  or  ridge.  Both  of  these  conditions  are  transitory.  As  the  corpora  qnadri- 
gemina  take  shape,  the  median  ridge  disappears  and  is  replaced  by  the  median  longitudinal 
groove,  which  separates  the  quadrigeminal  bodies.  Only  its  lower  part  is  retained,  and  this 
is  represented  by  tiie  frenulum  veli  of  the  adult  brain.  The  diverticulum  of  the  cavity 
gradually  becomes  redviced,  and  finally  disappears  as  the  aqueduct  assimies  form. 

FORE-BRAIN. 
Parts  derived  from  the  Diencephalon. 

Under  this  heading  we  have  to  consider :  (1)  the  thalamus  ;  (2)  the  epithalamus, 
which  comprises  the  pineal  body  and  the  habenular  region ;  (3)  the  metathalamus, 
or  the  corpora  geniculata  ;  and  (4)  the  hypothalamus. 

The  hypothalamus  consists  of  two  portions,  viz.  the  pars  mammillaris  hypothalami, 
which  comprises  the  corpus  mammillare  and  the  portion  of  the  central  gray  matter 
which  forms  the  floor  of  the  third  ventricle  in  its  immediate  vicinity ;  and  the  pars 
optica  hypothalami,  which  embraces  the  tuber  cinereum,  the  infundibuhim,  the 
pituitary  body,  and  the  lamina  cinerea.  Strictly  speaking,  the  optic  part  of  the 
hypothalamus  does  not  belong  to  the  diencephalon,  but  it  is  convenient  to  study 
the  parts  which  it  represents  at  this  stage.  It  is  also  convenient  to  examine,  at 
the  same  time,  the  subthalamic  tegmental  region,  although  a  very  considerable  part  of 
this  is  apparently  developed  in  connexion  with  the  mesencephalon. 

The  original  cavity  of  that  part  of  the  brain- tube  which  forms  the  diencephalon 
is  represented  l)y  the  greater  part  of  the  third  ventricle  of  the  brain. 

Optic  Thalamus  (thalamus). — The  optic  thalamus  is  the  principal  object  in 
this  section  of  the  brain.  It  is  a  large  ovoid  mass  of  gray  matter,  which  lies 
obhquely  across  the  path  of  the  crus  cerebri  as  it  ascends  into  the  cerebrum.  The 
smaller  anterior  end  of  the  thalamus  lies  close  to  the  mesial  plane,  and  is  only 
separated  from  the  corresponding  part  of  the  opposite  side  by  a  very  narrow 
interval.  The  enlarged  posterior  ends  of  the  two  thalami  are  placed  more  widely 
apart,  and  in  the  interval  between  them  the  corpora  quadrigemina  are  situated. 
As  previously  stated,  the  crusta  of  the  crus  cerebri,  composed  of  corticifugal  fibres, 
gradually  incHnes  outwards  as  it  is  traced  upwards,  and  thus  it  assumes  a  place  on 
the  outer  aspect  of  the  optic  thalamus  and  passes  into  the  internal  capsule  of  the 
brain.  The  tegmental  part  of  the  crus,  on  the  other  hand,  comes  into  relation 
with  the  under  surface  of  the  thalamus,  and  forms  in  this  situation  the  sub- 
thalamic tegmental  region.  To  a  very  large  extent  the  longitudinal  fibres  of  the 
tegmentum  are  corticipetal.  For  the  most  part  they  enter  the  thalamus,  and 
either  end  within  it  in  fine  arborisations  around  the  thalamic  cells  or  are  carried 
upwards  through  the  thalamus  into  the  internal  capsule. 

The  two  optic  thalami,  in  their  anterior  two-thirds,  lie  close  together  on  either 
side  of  a  deep  mesial  cleft,  which  receives  the  name  of  the  third  ventricle  of  the 
brain.  Each  thalamus  presents  an  anterior  and  a  posterior  extremity  and  four 
surfaces.  The  inferior  and  external  surfaces  are  in  apposition,  and,  indeed,  directly 
connected  with  adjacent  parts  of  the  brain,  and  on  this  account  it  is  only  possible 
to  study  them  by  means  of  sections  through  the  brain.  The  superior  and  internal 
surfaces  are  free. 

The  external  or  lateral  mrface  of  the  thalamus  is  applied  to  a  thick  layer  of 
white  matter  interposed  between  it  and  the  lenticular  nucleus,  called  the  internal 
capsule,  and  composed  of  fibres  passing  both  upwards  towards,  and  downwards  from, 
the  cerebral  cortex.  A  large  proportion  of  these  fibres  descend  to  form  the 
crusta  or  ventral  part  of  the  crus  cerebri.  From  the  entire  extent  of  the  external 
surface  of  the  thalamus  large  numbers  of  fibres  stream  out  and  enter  the  internal 
capsule,  to  reach  the  cerebral  cortex.  These  fibres  constitute  what  is  termed  the 
thalamic  radiation,  and  by  this  the  thalamus  is  brought  into  connexion  with  the 
entire  extent  of  the  cerebral  cortex.  As  the  fibres  leave  the  thalamus  they  inter- 
sect each  other  at  acute  angles,  and  over  the  whole  of  the  external  surface  of  the 
ganghonic  mass  they  form  a  very  distinct  reticulated  zone  or  stratum,  which  is 
termed  the  external  medullary  lamina. 

The  inferior  or  ventral  surface  of  the  thalamus  rests  chieflv  on  the  subthalamic 
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tegmental  region  and  the  corpus  mammillare.  In  front,  however,  as  the  tegmental 
substance  gradually  disappears,  the  thalamus  comes  to  lie  over  the  outer  part  of  the 
tuber  cinereum.    From  the  subthalamic  region  many  fibres  enter  the  thalamus  on 

its  under  aspect, 
whilst  other 
fibres  leave  this 
surface  of  the 
thalamus  to 
take  part  in  the 
thalamic  radi- 
ation. 

The  superior 
or  dorsal  surface 
of  the  thalamus 
is  free.  Exter- 
nally it  is 
l)ounded  by  a 
groove,  which 
traverses  the 
floor  of  the 
lateral  ventricle 
of  the  brain  and 
intervenes  be- 
tween the  thala- 
]uus  and  the 
caudate  nucleus. 
In  this  groove 
are  placed  a 
slender  band  of 
1 0  n  g  i  t  udinal 
fibres,  termed 
the  taenia  semi- 
cularis,  and  in 
its  fore-part  the 
vein  of  the 
corpus  striatum. 


Non-vpiitricnlar 
part  of  tliaiaiiiiis 


Groove 
correspoiifiiii;; 

to  fornix 
Quailrigeniiiial 
bodies 

Troclilpar  iifirve 
Middle  cere- 
bellar iiediiiicle 
Snjjer  ior  cere- 
bellar peduncle 
Lingula 


Bidb 


Genu  of  corpus 
callosuni 
Coqius  callosuni 
(cut) 


Ventricle  \'. 
Sejitum  luciduui 

Caudate  uuclens 
Foi'uix 

Foramen  of  Monro 

Anterior  commissure 
Anterior  tubcT'cle  of 
thalamus 

•  Jray  commissure 

Tliird  ventricle 

Ta'uia  semicircularis 
Ta-nia  thalau]! 
Trigonuni  habenula- 
Posterior 
commissure 
Stalk  of  pineal  body 
~-Pulvinar 


-Pineal  body 


Fig.  373. — The  Two  Optic  Thalami  (as  seen  from  above). 


Internally,  the  superior  surface  of  the 
mesial  surface  in  its  anterior  half  by 


thalamus  is  separated  from  the  internal  or 
a  sharp  edge  or  yjrominent  ledge  of  the 
ependyma  of  the  third  ventricle.  This  is  termed  the  taenia  thalami,  and  the  ridge 
which  it  forms  is  accentuated  by  the  fact  that,  subjacent  to  it,  there  lies  a 
longitudinal  strand  of  fibres  called  the  stria  meduUaris.  When  these  two  structures, 
viz.  the  ependymal  ridge  and  the  subjacent  tract,  are  traced  liackwards,  they  are 
seen  to  turn  inwards  and  Ijecome  continuous  with  the  stalk  or  peduncle  of  the 
pineal  body.  Behind  the  portion  of  the  taenia  thalami  which  turns  inwards 
towards  the  pineal  body  a  small  depressed  triangular  area,  the  trigonum  habenulse, 
situated  in  front  of  the  superior  qiiadrigeminal  body,  forms  a  very  definite  inner 
boundary  for  the  hinder  part  of  the  superior  surface  of  the  thalamus. 

The  superior  surface  of  the  thalamus  is  slightly  bulging  or  convex,  and  is  of  a 
whitish  colour,  owing  to  the  presence  of  a  thin  superficial  covering  of  nerve-fibres, 
termed  the  stratum  zonale.  It  is  divided  into  two  areas  hj  a  faint  oblique  groove, 
which  begins  in  front  at  tlie  inner  border,  a  short  distance  behind  the  anterior 
extremity  of  the  thalamus,  and  extends  outwards  and  Ijackwards  to  the  outer  part 
of  the  hinder  end.  This  groove  corresponds  to  the  outer  edge  of  the  fornix.  The 
two  areas  which  are  thus  mapped  out  are  very  differently  related  to  the  ventricles 
of  the  brain,  and  also  to  the  parts  which  lie  above  the  thalamus.  The  oiUer  area, 
which  includes  the  anterior  extremity  of  the  thalamus,  forms  a  part  of  the  floor  of 
the  lateral  ventricle.  It  is  covered  with  ependyma,  overlapped  by  .the  choroid 
plexus  of  this  ventricle,  and  lies  immediately  subjacent  to  the  corpus  callosum. 
Along  the  line  of  the  groove  the  epithelial  lining  of  the  lateral  ventricle  is  reflected 
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over  the  choroid  plexus  of  this  cavity.  The  inner  area,  which  iuchides  tlie  hinder 
end  of  the  thalamus,  intervenes  between  the  lateral  and  tliird  ventricles  of  the 
l)rain,  and  takes  no  part  in  the  formation  of  the  walls  of  either.  It  is  covered  by  a 
fold  of  pia  mater,  termed  the  velum  interpositum,  above  which  is  the  fornix,  and 
these  two  structures  intervene  between  the  thalamus  and  the  corpus  callosum. 

The  anterior  extremity  of  the  thalamus,  called  the  anterior  tubercle  (tuberculum 
anterius  thalami),  foi'ms  a  marked  l»ulging.  It  projects  into  the  lateral  ventricle, 
behind  and  to  tlie  oiiter  side  of  the  free  portion  of  the  anterior  pillar  of  the  fornix. 
The  foramen  of  Monro,  a  narrow  aperture 'of  communication  between  the  lateral 
and  third  ventricles  of  the  brain,  is  bounded  in  front  by  the  anterior  pillar  of  the 
fornix  and  behind  by  the  anterior  tubercle  of  the  thalamus. 

The  posterior  extremity  of  the  thalamus  is  very  prominent  and  forms  a  cushion- 
like projection,  which  overhangs  the  brachia  of  the  corpora  cpiadrigemina.  This 
prominence  is  called  the  pulvinar.  Another  oval  bulging  on  the  hinder  part  of  the 
tlialamus  receives  the  name  of  the  corpus  geniculatum  externum.  It  is  situated 
below,  and  to  the  outer  side  of,  the  pulvinar,  and  presents  a  very  intimate  connexion 
with  the  optic  tract. 

The  mesial  surfaces  of  the  two  thalami  are  placed  very  close  together,  and  are 
covered  not  only  by  the  lining  ependyma  of  the  third  ventricle,  but  also  by  a 
tolerably  thick  layer  of  gray  matter,  continuous  below  with  the  central  gray 
substance  which  surrounds  the  aqueduct  of  Sylvius  in  the  mesencephalon.  A  band 
of  gray  matter,  termed  the  gray  or  soft  commissure  (commissura  mollis),  crosses  the 
third  ventricle  and  joins  the  inner  surfaces  of  the  two  thalami  together. 

Intimate  Structure  and  Connexions  of  the  Optic  Thalamus. — The  upper 
surface  of  the  thalamus  is  covered  by  the  stratum  zonale,  a  thin  coating  of  wliite 
fibres  derived  to  some  extent  from  the  optic  tract,  and  probably  also  from  the  optic 
radiation.  The  inner  surface  has  a  thick  coating  of  central  gray  matter,  whilst 
intervening  between  the  internal  capsule  and  the  outer  surface  is  the  lamina 
medullaris  externa.    The  lower  surface  merges  into  the  subthalamic  region. 

The  gray  matter  of  the  optic  thalamus  is  marked  off  into  three  very  apparent 
parts — termed  the  anterior,  the  mesial,  and  the  lateral  thalamic  nuclei — by  a  thin 
vertical  sheet  of  white  matter,  termed  the  lamina  medullaris  interna.  The  lateral 
nucleus  (nucleus  lateralis  thalami)  is  by  far  the  largest  of  the  three.  It  is  placed 
between  the  internal  and  the  external  medullary  laminae,  and  it  stretches  back- 
wards beyond  the  mesial  nucleus,  and  thus  includes  the  whole  of  the  pulvinar  (Fig. 
375).  The  mesial  nucleus  (nucleus  medialis  thalami)  only  reaches  as  far  back  as  the 
habenular  region.  It  is  placed  between  the  central  gray  matter  of  the  third  ven- 
tricle and  the  internal  medullary  lamina.  The  lateral  nucleiis  is  more  extensively 
pervaded  by  fibres  than  the  mesial  nucleus.  From  the  lateral  nucleus  by  far  the 
greatest  number  of  the  fibres  which  form  the  radiatio  thalami  pass,  and  these  are 
seen  crossing  it  in  various  directions  towards  the  lamina  medullaris  externa.  The 
anterior  nucleus  (nucleus  anterior  thalami)  is  the  smallest  of  the  three  thalamic 
nuclei.  It  forms  the  prominent  anterior  tubercle,  and  is  prolonged  in  a  wedge- 
shaped  manner,  for  a  short  distance,  downwards  and  backwards  between  the  anterior 
parts  of  the  mesial  and  lateral  nuclei.  The  internal  medullary  lamina  splits  into 
two  parts  and  partially  encloses  the  anterior  nucleus.  In  connexion^  with  its 
large  cells  a  very  conspicuous  bundle  of  fibres,  the  bundle  of  Vicci  d'Azyr  (fasciculus 
thalamo-mammillaris),  which  arises  in  the  corpus  mammillare,  comes  to  an  end. 

Two  other  small  nuclear  masses  are  found  in  the  snbstance  of  the  ojitic  thalaiuiis  behind  the 
mesial  nucleus.  These  aie  called  the  central  nucleus  of  Luys  and  the  nucleus  arcuatus.  In 
section  the  former  appears  as  a  circular  mass  of  gray  mattc]-,  which  comes  into  view  immediately 
behind  the  point  where  the  internal  medullary  lamina  disappears.  It  would  seem  to  be 
intimately  connected  with  fibres  wliicli  reach  it  from  the  red  nucleus  and  from  the  posterior 
commissure.  These  fibres  pass  round  it  so  as  to  mark  it  off  from  tlie  rest  of  the  thahimus,  and  in 
front  of  the  nucleus  many  of  them  enter  the  internal  medullary  lauiina.  Tlie  nucleus  arcuatus  is 
a  small  semilunar  mass  of  gray  uiatter  placed  below  the  central  nucleus  of  Luys. 

The  connexions  of  the  thalamus  are  of  an  extremely  intricate  kind.  It  would 
appear  to  be  a  ganglionic  mass  interposed  between  the  tegmental  corticipetal  tracts 
and  the  cerebral  cortex.    In  its  hinder  part,  and  through  its  stratum  zonale,  it  also 
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has  important  connexions  with  the  optic  tract.  The  corticipetal  tegmental  tracts, 
which  enter  it  from  below,  will  be  noticed  in  connexion  with  the  subthalamic 
region.  Suffice  it  to  say,  for  the  present,  that  many  of  these  fibres  end  in  the  midst 
of  the  thalamus  in  connexion  with  the  thalamic  cells,  whilst  others  are  apparently 
carried  directly  upwards  through  it  to  enter  the  internal  capsule  ;  the  latter  with- 
out any  break  in  their  continuity,  reach  the  cortex  of  the  cerebrum.  In  addition 
to  these,  enormous  numbers  of  fibres,  arising  within  the  thalamus  as  the  axons  of  its 
cells,  stream  out  from  its  outer  and  under  surfaces  to  form  the  thalamic  radiation. 
These  fibres  pass  to  every  part  of  the  cortex  ;  and  although  there  is  no  separation  of 
them  into  distinct  groups  as  they  leave  the  thalamus,  it  is  customary  to  regard 
them  as  constituting  a  frontal  stalk,  a  parietal  stalk,  an  occipital  stalk,  and  a 
ventral  stalk. 

The  frontal  stalk  of  the  thalamic  radiation  emerges  from  the  anterior  part  of  the  lateral 
surface  of  the  thalamus  and  passes  through  the  anteri(jr  limb  of  the  internal  capsule,  to  reach  the 
cortex  of  the  frontal  lobe.  Many  of  these  fibres  end  in  the  caudate  and  lenticular  nuclei,  between 
which  they  proceed.  The  parietal  stalk  issues  from  the  lateral  surface  of  the  thalamus,  and, 
j)assing  through  the  internal  capsule  (and  to  some  extent,  also,  through  the  lenticular  niicleus 
and  the  external  cajisule),  gains  the  cortex  of  the  hinder  part  of  the  frontal  lobe  and  of  the 
parietal  lobe.    The  occipital  stalk  emerges  from  the  outer  aspect  of  the  pulvinar  and  constitutes 

the  so-called  optic  radiation.  These  fibres 
sweep  outwards  and  backwards  round  the 
outer  side  of  the  j^osterior  horn  of  the 
lateral  ventricle  to  gain  the  cortex  of  the 
occipital  lobe.  The  ventral  stalk  streams 
out  from  the  mider  aspect  of  the  anterior 
part  of  the  thalamus,  in  front  of  the  sub- 
thalamic tegmental  region  and  the  corpus 
mamniillare.  Its  fibres  arise  in  both  the 
mesial  and  lateral  nuclei,  and  sweep  down- 
wards and  outwards  to  reach  the  region 
below  the  lenticular  nucleus.  One  very 
distinct  band  which  lies  dorsal  to  the 
other  fibres  (ansa  lenticularis)  enters  the 
lenticular  nucleus,  whilst  the  remainder 
(ansa  peduncularis)  continue  in  an  outward 
direction  below  the  lenticular  nucleus  and 
gain  the  cortex  of  the  temporal  lobe  and  of 
the  insula  or  island  of  Keil. 

Flechsig  divides  the  thalamo- cortical 
fibres  of  ordinary  sensation  into  three 
sensory  systems.  These  he  has  been  able  to 
distinguish  by  studying  the  order  in  which 
they  assume  their  sheaths  of  myelin  in  the 
foetus  and  infant. 

Ferrier  and  Turner,  by  the  degenera- 
tive method  of  investigation,  corroborate 
Flechsig's  results  in  a  very  remarkable 
manner.  They  confirm  the  observation  of 
Flechsig  that,  while  thalamic  filn-es  are  dis- 
tributed to  the  several  regions  of  the  cere- 
bral cortex  to  an  almost  equal  extent,  there  is 
one  district,  viz.  the  frontal  pole,  to  which 
the  supply  is  scanty.  Another  very  im- 
jjortant  result  has  been  obtained  by  these 
authors.  They  have  estal)lished  the  fact 
that  many  of  the  thalamic  fibres  cross  the 
mesial  plane  in  the  corjjus  callosum,  and  thus  gain  the  cortex  of  the  opposite  cerebral  hemisphere. 
Hamilton's  crossed  callosal  tract  thus  receives  confii'mation. 

Intimate  Structure  of  the  Corpus  Geniculatum  Externum. — Sections  through  the 
external  geniculate  l^ody  reveal  the  fact  that  it  is  composed  of  a  series  of  alternately 
placed  gray  and  white  curved  laminte.  This  gives  it  a  very  characteristic  appear- 
ance. The  white  laminse  are  composed  of  fibres  which  enter  the  body  from  the 
optic  tract  and  the  optic  radiation.  The  connexions  of  the  geniculate  bodies  will 
be  studied  with  the  optic  tract. 

Subthalamic  Tegmental  Region. — The  tegmental  part  of  the  crus  cerebri  is 
prolonged  upwards  and  assumes  a  position  below  the  hinder  part  of  the  thalamus. 


Fig.  374. — Sc'HEM.\.    Founded  on  the  observations  of 
Flechsig,  and  Ferrier  and  Turner. 
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The  red  nucleus  is  a  conspicuous  object  in  sections  through  the  lower  part  of  this 
region.  It  presents  the  same  appearance  as  lower  down  in  the  mesencephalon,  and, 
gradually  diminishing,  it  disappears  before  the  level  of  the  corpus  mammillare  is 
reached.  Carried  up  around  it  are  the  same  longitudinal  tracts  of  fibres  which 
have  been  studied  in  relation  to  it  in  the  tegmental  part  of  the  mesencephalon. 
The  fibres  of  the  superior  cerebellar  peduncle,  as  they  proceed  upwards,  form  a  coat- 
ing for  it,  which  is  distinctly  thicker  on  its  inner  than  on  its  outer  surface.  The 
mesial  fillet,  also,  which  in  the  upper  part  ©f  the  mesencephalon  is  observed  to  take 
up  a  position  on  the  lateral  and  dorsal  aspect  of  the  red  nucleus,  maintains  a 
similar  position  in  the  subthalamic  region.  When  the  red  nucleus  comes  to  an 
end  these  various  fibres  are  continued  onwards  and  form,  in  the  position  previously 
occupied  by  the  nucleus,  a  very  evident  and  dense  mass  of  fibres.  The  fibres  of 
the  mesial  fillet  and  of  the  superior  cerebellar  peduncle  are  prolonged  upwards  into 
the  ventral  part  of  the  thalamus,  where  a  certain  number  of  them  end  in  connexion 
with  the  thalamic  cells.  The  remainder  apparently  proceed  directly  through  the 
ganglionic  mass  into  the  internal  capsule,  and  thus  gain  the  hinder  part  of  the 
Eolandic  area  of  the  cerebral  cortex. 

The  substantia  nigra  is  likewise  carried  into  the  subthalamic  region,  where  it 
maintains  its  original  position  on  the  dorsal  aspect  of  the  crusta  of  the  crus  cerebri. 
As  it  is  traced  iipwards,  it  is  seen  to  gradually  diminish  in  amount.  It  shrinks 
from  within  outwards,  and  finally  disappears  when  the  hinder  part  of  the  corpus 
mammillare  is  reached. 

In  coronal  sections  through  the  subthalamic  region,  the  most  conspicuous  object 
which  comes  into  view  is  the  corpus  subthalamicum  or  the  nucleus  of  Luys.  It  is  a 
small  mass  of  gray 
matter,  shaped  like 
a  biconvex  lens, 
which  makes  its 
appearance  on  the 
dorsal  aspect  of  the 
crusta  of  the  crus 
cerebri  immedi- 
ately to  the  outer 
side  of  the  sub- 
stantia nigra.  At 
fii'st  it  lies  in  an 
angle,  which  is 
formed  by  the 
meeting  of  the 
crusta  and  the  in- 
ternal capsule; 
Itut,  rapidly  en- 
larging in  an  in- 
ward direction,  it 
takes  the  place  of 
the  diminishing 
substantia  nigra 
on  the  dorsal  sur- 
face of  the  crusta 
at  the  level  of  the 
lower  part  of  the 
corpus  mammil- 
lare. The  corpus 
subthalamicum  is 
rendered  all  the 

more  evident  by  the  fact  that  it  is  sharply  defined  by  a  thin  capsule  of  white 
fibres.  On  its  mesial  aspect  these  fibres  proceed  inwards  and  form  a  very  evident 
decussation  across  the  middle  line  in  the  floor  of  the  third  ventricle,  immediately 
above  the  hinder  ends  of  the  corpora  mammillaria. 


Intersection  of 
the  corona 
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Fig.  375.- 
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The  corpus  subbhalaiuioum,  iu  llic  I'resh  condition,  presents  a  brownish  colour, 
partly  from  the  fact  that  its  cells  are  pigmented,  and  partly  also  on  account  of  the 
numerous  capillary  blood-vessels  which  pervade  its  substance. 

Pineal  Body  (corpus  pineale). — This  is  a  small,  dark,  reddish  body,  about  the 
size  of  a  cherrj'-stone  and  shaped  after  the  fashion  of  a  Hr-cone.  Placed  between 
the  hinder  ends  of  the  two  thalami,  it  occupies  the  depression  ou  the  dorsal  aspect 
of  the  mesencephalon,  which  intervenes  between  the  two  superior  quadrigeminal 
bodies.  Its  base,  wliich  is  directed  upwards,  is  attached  by  a  hollow  stalk  or 
peduncle.  This  stalk  is  separated  into  a  dorsal  and  a  ventral  part  hj  the  prolonga- 
tion backwards  into  it  of  a  small  pointed  recess  of  the  cavity  of  the  third  ventricle. 
The  dorsal  part  of  the  stalk  curves  outwards  and  forwards,  and  on  each  optic 
thalamus  becomes  continuous  with  the  taenia  thalami  and  the  subjacent  stria 
medullaris ;  the  ventral  part  is  folded  round  a  narrow  but  conspicuous,  cord-like 
band  of  white  matter,  which  crosses  the  mesial  plane  immediately  above  the  base 
of  the  pineal  body  and  receives  the  name  of  the  posterior  commissure  of  tlie 
cerebrum. 

The  pineal  body  is  not  composed  of  nervous  elements.  The  only  nerves  in  its  midst  are  the 
sympathetic  filaments  which  enter  it,  with  its  blood-vessels.  It  is  composed  of  spherical  and 
tubular  follicles,  filled  with  epithelial  cells,  and  containing  a  A^ariable  amount  of  gritty,  calcareous 
naatter. 

The  pineal  liody  is  a  rudimentary  structure,  but  in  certain  vertebrates  it  attains  a  much 
higher  degree  of  development  than  in  man.  In  the  lizard,  blind-worm,  etc.,  it  is  present  in  the 
form  of  the  so-called  fiineal  eye.  In  structure  it  resembles,  in  these  animals,  an  invertebrate  eye, 
and  it  possesses  a  long  stalk,  in  which  nerve-fibres  are  developed.  Further,  it  is  carried  through 
an  aperture  in  the  cranial  wall,  and  consequently  lies  close  to  the  surface. 

Trigonum  Habenulse. — The  small,  triangular,  depressed  area  which  receives  this 
name  is  placed  immediately  in  front  of  the  superior  quadrigeminal  l)ody  in  the 
interval  between  the  peduncle  of  the  pineal  body  and  the  hinder  end  of  the  thalamus 
(Fig.  o7-'>,  p.  502).  It  marks  the  position  of  an  important  collection  of  nerve-cells, 
which  constitute  the  ganglion  habenulse.  The  axons  of  these  cells  are  collected  ou 
the  ventral  aspect  of  the  ganglion  into  a  bundle,  called  the  fasciculus  retrofiexus, 
which  takes  a  curved  course  downwards  and  forwards  in  the  tegmentum  of  the 
mesencephalon.  The  fasciculus  retrofiexus  lies  close  to  the  inner  side  of  tlie  red 
nucleus,  and  finally  comes  to  an  end  in  a  group  of  cells  termed  the  ganglion  inter- 
pedunculare,  situated  in  the  lower  part  of  the  locus  perforatus  posticus  (see  p.  498). 

The  ganglion  habenuljB  is  likewise  intimately  connected  with  the  stria  medul- 
laris and  the  dorsal  part  of  the  stalk  of  the  pineal  body. 

As  previously  stated,  tlie  stria  medullaris  —  a  very  evident  band  of  white 
matter — lies  on  the  optic  thalamus,  suljjacent  to  the  ependymal  ridge  termed  the 
tienia  thalami.  When  traced  backwards,  many  of  the  fibres  of  the  stria  medullaris 
are  observed  to  end  amongst  the  cells  of  the  ganglion  habenulas,  whilst  others  are 
continued  past  the  ganglion  to  enter  the  peduncle  of  the  pineal  body,  and,  through 
it,  to  reach  the  ganglion  liabenulae  of  the  opposite  side,  in  connexion  with  the  cells 
of  which  they  terminate.  The  stria  medullaris,  therefore,  ends  partly  in  the 
ganglion  habenula?  of  its  own  side  and  partly  in  the  corresponding  ganglion  of  the 
opposite  side.  The  decussation  of  fibres  across  the  middle  line  forms  the  dorsal 
part  of  the  pineal  stalk  or  peduncle,  and  is  frequently  termed  the  commissura 
habenularum. 

AVhen  the  stria  medullaris  is  traced  in  the  opposite  direction,  it  is  noticed  to 
split  into  a  dorsal  and  ventral  part  near  the  anterior  pillar  of  the  fornix.  The 
dorsal  part  turns  abruptly  upwards,  and,  joining  the  fornix,  is  carried  in  it  to  the 
hippocampus  major  or  cornu  ammonis  from  cells  in  whicli  its  fibres  take  origin. 
The  ventral  part  turns  downwards  and  appears  to  spring  from  a  collection  of  cells 
in  the  gray  matter  on  the  base  of  the  brain  close  to  the  optic  chiasma.  The  stria 
medullaris  is  believed  to  form  a  part  of  the  olfactory  apparatus. 

Commissura  Posterior. — The  posterior  commissure  is  a  slender  band  of  white 
matter,  which  crosses  the  middle  line  under  cover  of  the  stalk  of  the  pineal  body 
and  overlies  the  entrance  of  the  aqueduct  of  Sylvius  into  the  third  ventricle.  The 
connexions  of  this  little  band  are  not  satisfactorily  established,  but  Held  believes 
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that  some  of  its  ventral  tibres  pass  downwards  into  the  posterior  longitudinal 
bundle.  Terrier  and  Turner  have  traced  fibres  from  the  optic  radiation  across  tlie 
middle  line  in  the  posterior  commissure. 

The  locus  perforatus  posticus  (substantia  perforata  posterior)  has  already  been 
described  on  p.  440.  Some  delicate  bands  of  white  matter,  termed  the  taenia  pontis, 
may  frequently  be  seen  emerging  from  the  gray  matter  of  this  region ;  they  then 
curve  round  the  crura  cerebri  in  close  relation  to  the  upper  border  of  the  pons, 
into  which  they  ultimately  sink  (¥ig.  335,.p.  449). 

Corpora  Mammillaria. — The  corpora  mammillaria  are  two  round  white  bodies, 
each  about  the  size  of  a  pea,  which  he  side  by  side  in  the  interpeduncular  space  on 
the  base  of  the  brain,  immediately  in  front  of  the  locus  perforatus  posticus. 

Each  corpus  mammillare  is  coated  on  the  outside  by  white  matter  derived 
from  the  anterior  pillar  of  the  fornix  and  contains,  in  its  interior,  a  gray  nucleus 
with  numerous  nerve-cells.  Several  important  strands  of  fibres  are  connected  with 
the  corpus  mammillare :  (1)  The  anterior  pillar  of  the  fornix  curves  downwards  in 
the  lateral  wall  of  the  third  ventricle  to  reach  the  corpus  mammillare,  and  its 
fibres  end  amidst  the  cells  of  that  body.  (2)  A  Ixindle  of  fibres,  called  the  bundle 
of  Vicq  d'Azyr,  which  at  first  sight  appears  to  be  almost  continuous  with  the 
anterior  pillar  of  the  fornix,  takes 
origin  in  its  midst  and  extends 
upwards  into  the  optic  thalamus, 
to  end  in  fine  arborisations  around 
the  large  cells  in  the  anterior 
thalamic  nucleus.  (3)  Another 
bundle  of  fibres,  the  pedunculus 
corporis  mammillaris,  takes  form 
within  the  corpus  mammillare  and 
extends  downwards  in  the  gray 
matter  of  the  fioor  of  the  third 
ventricle,  to  reach  the  tegmentum 
of  the  mesencephalon.  The  ulti- 
mate destination  of  these  fibres  is 
doubtful. 

Tuber  Oinereum  and  Infundi- 
bulum. — The  tuber  cinereum  is  a 
small,  slightly  prominent  field  of 
gray   matter,  which   occupies  the  yig.  376.— Mesial  Sf.ction  through  the  Pituitary  Region 
anterior   part  of  the  interpedun-  in  a  Child  of  Twelve  Months  old. 

Cular   space    between    the  corpora  From  a  pliotograph  by  Professor  Symington. 

mammillaria  behind  and  the  optic 

chiasma  in  front.  From  its  fore-part  the  infundibulum,  or  stalk  of  the  pituitary 
body,  projects  downwards  and  connects  that  body  with  the  base  of  the  brain.  In 
its  upper  part  the  infundibulum  is  hollow,  a  small,  funnel-shaped  diverticulum 
of  the  cavity  of  the  third  ventricle  being  prolonged  downwards  into  it. 

Pituitary  Body  (hypophysis). — This  is  a  small  oval  structure,  flattened  from 
above  downwards,  and  with  its  long  axis  directed  transversely,  which  occupies  the 
pituitary  fossa  in  the  floor  of  the  cranium.  It  is  composed  of  two  lobes — a  large 
anterior  lobe  and  a  smaller  posterior  lobe,  which  are  closely  applied  the  one  to  the 
other.  The  infundibulum,  which  extends  downwards  from  the  tuber  cinereum,  is 
attached  to  the  posterior  lobe. 

The  infundibulum  and  posterior  lobe  of  the  pituitary  body  are  developed  in  the  form  of 
a  hollow  diverticulum,  which  grows  downwards  from  the  floor  of  that  part  of  the 
embryonic  brain,  which  afterwards  forms  the  third  ventricle.  The  original  cavity  of  this 
diverticulum  becomes  obliterated,  except  in  the  upper  part  of  the  infundibulum.  In 
structure,  the  posterior  lobe  of  the  pituitary  body  shows  little  trace  of  its  origin  from  the 
wall  of  the  brain-tube.  It  is  chiefly  composed  of  connective  tissue  and  blood-vessels,  with 
branched  cells  scattered  throughout  it. 

The  anterior  lobe  has  quite  a  difl'erent  origin,  and  if  any  part  of  the  pituitary  body  is 
functional,  it  is  this  lobe.    It  is  derived  by  a  tubular  diverticulum,  which  grows  upwards 
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from  the  buccal  cavity.  Its  connexion  with  the  latter  is  soon  cut  off,  and  it  becomes 
encased  witliin  the  cranial  cavity  in  intimate  association  with  the  cerebral  portion  of  the 

organ.     Structurally,  it  consists  of 


tubules  or  alveoli,  lined  by  epithelial 
cells  and  snrrounded  by  capillary 
vessels.  Its  structure  is  not  unlike 
that  of  the  thyroid  body,  and 
possibly  it  exercises  a  similar  function. 
In  giants,  and  in  cases  of  acromegaly, 
the  pituitary  body  is  usually  greatly 
enlarged. 
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Sphenoidal  sinus 
Fig.  377. — Mesial 


Section  through  the  PiTurrARV  Kegion 
IN  the  Adui.t. 


Lamina  Cinerea. — This  is  a 
thin  lamina  which  passes  upwards 
from  the  optic  chiasma  in  the 
great  longitudinal  fissure  to  be- 
come connected  with  the  rostrum 
of  the  corpus  callosum. 

Anterior  Commissure  of  the 
Cerebrum.  —  In  the  anterior  part 
of  the  cleft,  between  the  two  optic 
thalami  and  immediately  in  front 
of  the  anterior  pillars  of  the  fornix, 
a  round  bundle  of  fibres  ci'osses 
the  mesial  plane.  This  is  the 
anterior  commissure.  It  is  much 
larger  than  the  posterior  com- 
missure. 

Third  Ventricle  (ventriculus  tertius). — This  is  the  narrow  cleft  which 
separates  the  two  optic  thalami.  Its  depth  rapidly  increases  from  behind  for- 
wards, and  it  may  be  said  to  extend  from  the  pineal  body  behind  to  the  lamina 
cinerea  in  front.  Its  floor  is  formed  by  the  structures  already  studied  within 
the  area  of  the  interpeduncular  space  on  the  base  of  the  brain,  viz.  the  tuber 
cinereum,  the  corpora  mammillaria,  the  gray  matter  of  the  locus  perforatus  posticus, 
and  also  to  some  extent  behind  this  by  the  tegmenta  of  the  crura  cerebri.  It  is 
interesting  to  note  that  the  central  gray  matter  which  surrounds  the  Sylvian 
aqueduct  is  directly  continuous  with  the  gray  matter  of  the  locus  perforatus  posti- 
cus and  tuber  cinereum,  and  in  this  way  it  comes  to  the  surface  in  the  base  of  the 
brain.  The  optic  chiasma  crosses  the  floor  in  front  and  marks  the  place  where  the 
latter  becomes  continuous  with  the  anterior  wall  of  the  cavity.  The  front  vmll  of 
the  third  ventricle  is  formed  by  the  lamina  cinerea,  which  extends  upwards  from 
the  optic  chiasma.  The  anterior  commissure,  as  it  crosses  from  one  side  to  the  other, 
projects  into  the  ventricle,  but  of  course  it  is  excluded  from  the  cavity  by  the 
ventricular  epithelial  lining.  It  may  be  taken  as  indicating  the  place  where  the 
roof  joins  the  anterior  wall.  The  roof  of  the  third  ventricle  is  formed  by  a  thin 
epithelial  layer,  continuous  with  the  thin  epithelial  lining  of  the  cavity,  which 
stretches  across  the  mesial  plane  from  one  tsenia  thalami  to  the  other.  Applied 
to  the  upper  surface  of  the  epithelial  roof  is  the  fold  of  pia  mater,  termed  the  velum 
interpositum,  and  the  roof  is  invaginated  into  the  cavity  along  its  whole  length  by 
two  delicate  choroid  plexuses,  which  hang  down  from  the  under  surface  of  this 
fold.  When  the  velum  interpositum  is  removed  the  thin  epithelial  roof  is  torn 
away  with  it,  leaving  only  the  lines  of  attachment  in  the  shape  of  tlie  tasnia 
thalami. 

The  lateral  wall  of  the  third  ventricle  is  formed  for  the  greater  part  of  its 
extent  by  the  inner  surface  of  the  optic  thalamus,  covered  by  a  thick  layer  of 
central  gray  matter  continuous  with  the  Sylvian  gray  matter  of  the  mesencephalon. 
A  little  in  front  of  the  middle  of  the  ventricle  the  cavity  is  crossed  by  the  middle 
or  soft  commissure,  which  connects  the  thalami  with  each  other,  and  in  front  of  this 
the  anterior  pillar  of  the  fornix  is  seen  curving  downwards  and  backwards  in  the 
lateral  wall.    At  first  the  bulging  which  it  forms  is  distinctly  prominent,  but  it 
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gradually  subsides  as  the  strand,  on  its  way  to  end  in  the  corpus  mammillare, 
becomes  more  and  more  sunk  in  the  gray  matter  on  the  side  of  the  ventricle. 

The  third  ventricle  communicates  with  both  of  the  lateral  ventricles,  and  also 

Middle  commissure  Tfenia  thalami 


linis 


lid 


Choroid  plexus  ventricle  IV. 

Fig.  378. — Mesial  Section  through  the  Corpus  Callosum,  Diencephalon,  etc. 
Shows  the  third  and  fourth  ventricles  connected  by  the  aqueduct  of  Sylvius. 


with  the  fourth  ventricle.  The  aqueduct  of  Sylvius,  the  narrow  channel  which 
tunnels  the  mesencephalon,  brings  it  into  communication  with  the  fourth  ventricle. 
The  opening  of  this  aqueduct  is  placed  at  the  posterior  part  of  the  floor  of  the  third 
ventricle,  immediately  below  the  posterior  commissure.    The  foramina  of  Monro 


Fig.  379. — Cast  of  the  Ventricles  of  the  Brain  (from  Retzius). 

B.SP.  Recessus  supiapiuealis.  A.S.  Aqueduct  of  Sylvius. 

R.P.    Recessus  pinealis  inferiiis.  F.M.  Foramen  of  Monro. 

bring  it  into  communication  with  the  lateral  ventricles.  These  apertures  are 
placed  at  the  upper  and  fore  parts  of  the  lateral  walls,  and  lead  outwards  and 
slightly  upwards  between  the  most  prominent  parts  of  the  anterior  pillars  of  the 
fornix  and  the  anterior  tubercles  of  the  optic  thalami.    They  are  just  large  enough 


510 


THE  NEKVOUS  SYSTEM. 


to  admit  a  crow-quill,  and  through  these  passages  the  epithelial  lining  of  the  three 
ventricles  becomes  continuous.  From  the  foramen  of  Monro  a  distinct  groove  on 
the  lateral  wall  of  the  ventricle  leads  backwards  towards  the  mouth  of  the  Sylvian 
aqueduct.  It  is  termed  the  sulcus  of  Monro,  and  is  of  importance,  inasmuch  as  it 
represents  in  the  adult  brain  the  furrow  which  divides  the  lateral  wall  of  the 
embryonic  brain-tube  into  an  alar  and  a  basal  lamina. 

The  outline  of  the  third  ventricle,  when  viewed  from  the  side  in  a  mesial  section 
through  the  brain,  or  as  it  is  exhibited  in  a  plaster  cast  of  the  ventricular  system  of  the 
brain,  is  seen  to  be  very  irregular.  It  presents  several  diverticula  or  recesses.  Thus,  in 
the  fore-part  of  the  floor  there  is  a  deep,  funnel-shaped  j^it  or  recess,  leading  down  through 
the  tuber  cinereum  into  the  infundibulum  of  the  pituitary  bodj'.  Another  recess,  the 
recessus  ojdicus,  leads  forwards  inunediately  in  front  of  "this,  above  the  optic  chiasma. 
Posteriorly  two  diverticula  are  present.  One,  the  recessus  2^ii^^ci^li-s,  passes  backwards 
above  the  posterior  commissure  and  the  mouth  of  the  Sylvian  aqueduct  for  a  short 
distance  into  the  stalk  of  the  pineal  body.  The  second  is  placed  above  this  and  is  carried 
backwards  for  a  greater  distance.  It  is  a  diverticidum  of  the  epithelial  roof,  and,  therefore, 
is  difficult  to  demonstrate.    It  is  termed  the  recessus  sujmijnnealis. 

Cerebkal  Connexions  of  the  Optic  Tract. 

One  nerve,  the  optic  nerve  or  the  nerve  of  sight,  is  connected  with  this  section 
of  the  brain.  At  the  optic  chiasma  the  optic  nerves  of  the  two  sides  are  joined 
together  and  a  partial  decussation  of  fibres  takes  place.  The  fibres  which  arise  in 
the  mesial  half  of  each  retina  cross  the  mesial  plane  and  join  the  optic  tract  of  the 
opposite  side.  The  optic  tract  proceeds  backwards  round  the  crus  cerebri,  and  in 
the  neighbourhood  of  the  corpora  geniculata  divides  into  two  roots,  viz.  a  lateral 
and  a  mesial  (p.  491). 

Mesial  Root  of  the  Optic  Tract — The  Commissure  of  Gudden. — The  mesial 
root  of  the  optic  tract  disappears  under  cover  of  the  corpus  geniculatum  internum 
and  a  large  proportion  of  its  fibres  arise  in  this  nuclear  body.  As  to  the  origin  of 
the  other  fibres,  we  possess  at  present  no  precise  information.  The  mesial  root, 
although  it  is  composed  of  fibres  which  run  in  the  optic  tract,  has  absolutely 
nothing  to  do  with  the  optic  nerve.  These  filjres,  when  traced  forwards,  cross  the 
mesial  plane  in  the  posterior  angle  of  the  optic  chiasma  and  are  carried  backwards 
in  the  opposite  optic  tract,  to  form  on  that  side  its  mesial  root.  The  fibres,  there- 
fore, are  commissural,  and  constitute  a  bond  of  union,  called  the  commissure  of 
Gudden,  between  the  internal  geniculate  bodies. 

Lateral  Root  of  the  Optic  Tract. — The  lateral  or  true  visual  root  of  the 
optic  tract  is  composed  of  fibres  which  come — (1)  from  the  lateral  half  of  the  retina 
of  its  own  side ;  and  (2)  from  the  mesial  half  of  the  retina  of  the  opposite  side,  and 
which  have  crossed  the  mesial  plane  in  the  optic  chiasma.  But  in  addition  to  the 
afferent  retinal  fibres  there  are  a  certain  number  of  efferent  fibres  in  the  optic 
tract,  fibres  which  take  their  origin  in  the  brain  and  end  in  the  retina.  These  are 
distinguished  from  the  afferent  retinal  fibres  by  their  exceeding  fineness. 

The  fibres  of  the  lateral  root  of  the  optic  tract  end  in  the  superior  quadrigeminal 
body,  in  the  external  geniculate  body,  and  in  the  pulvinar  of  the  optic  thalamus. 
The  fibres  to  the  superior  quadrigeminal  body  reach  it  through  the  superior  brachium 
(p.  493),  and  for  the  most  part  spread  out  on  its  surface  in  the  stratum  zonale 
before  they  sink  into  its  suljstance,  to  end  in  terminal  arborisations  around  its  cells. 
The  corpus  geniculatum  externum  receives  the  largest  contribution  of  fibres  from  the 
lateral  root  of  the  optic  tract.  These  partly  sink  into  its  interior  and  partly  spread 
out  over  its  surface.  The  former  enter  into  the  construction  of  the  curved  lamellai 
of  white  matter  which  traverse  this  nuclear  mass,  and  to  a  large  extent  end  in  the 
gray  matter  which  intervenes  between  these  lamellae  The  deep  fibres  which  are 
not  exhausted  in  this  way  proceed  onwards  through  the  external  geniculate  body 
and  enter  the  pulvinar.  Of  the  superficial  fibres  wliich  spread  over  the  surface  of 
the  external  geniculate  body  some  dip  into  its  substance  and  end  there,  l^ut  the 
majority  are  carried  over  it  and  enter  the  stratum  zonale  of  the  pulvinar.  The 
fibres  of  the  lateral  root  of  the  optic  tract,  which  end  in  the  pulvinar,  therefore 
reach  their  destination  by  passing  either  over  or  through  the  external  geniculate  body. 
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Cortical  Connexions  of  the  Optic  Nerve. — The  superior  quadrigeminal  body, 
the  external  geniculate  body,  and  the  pulvinar  constitute  the  lower  visual  centres 


the  optic  tract.  The 


higher 


visual 


or  terminal  nuclei  of  the  visual  part  of 
centre  is  placed  in  the  cortex  of  the 
occipital  lobe  of  the  cerebral  hemisphere, 
and  the  connexions  between  this  and  the 
lower  centres  are  established  by  a  large^ 
strand  of  fibres  which  runs  in  the  central 
white  matter  of  the  hinder  part  of  the 
cerebral  hemisphere,  and  which  constitutes 
the  optic  radiation.  The  optic  radiation 
is  composed  both  of  corticipetal  and  cor- 
ticifugal  fibres.  The  former  arise  as  the 
axons  of  the  cells  in  the  external  geniculate 
body  and  the  pulvinar,  around  which  the 
retinal  fibres  end,  and  they  terminate  in 
the  cortex  of  the  occipital  lobe.  The 
corticifugal  fibres  take  origin  in  the  cortex 
of  the  occipital  lobe  and  end  in  the  pul- 
vinar and  superior  quadrigeminal  body 
(Ferrier  and  Turner).  Thus  formed,  the 
optic  radiation  forms  a  conspicuous  strand 
(Figs.  397,  p.  535;  400,  p.  538;  409,  p.  550), 
which,  reaching  the  retrolenticular  part  of 
the  internal  capsule,  sweeps  backwards  into 
the  occipital  lobe  of  the  cerebral  hemisphere 
on  the  outer  side  of  the  posterior  horn  of 
the  lateral  ventricle.  Its  connexions  will 
be  studied  more  fully  at  a  later  stage. 

Flechsig  does  not  believe  tliat  tlie  pulvinar  is 
an  internode  interposed  in  the  path  of  the  optic 
nerve  as  it  proceeds  towards  tlie  visual  area  of 
the  cerebral  cortex.  He  states  that  he  has  not 
been  able  to  convince  himself  that  any  fibres  of 
the  optic  tract  end  in  the  optic  thalamus. 

Other  Connexions  of  the  Lower  Group  of 
Visual  Centres. — (1)  The  nuclei  of  tlie  nerves  which  supply  the  muscles  which  move  the 
eyeljall  would  appear  to  stand  in  intimate  connexion  with  the  lower  group  of  visual  centres. 
Most  probably  this  connexion  is  established  through  the  posterior  longitudinal  bundle.  As 
previously  stated,  Held  believes  that  axons  of  certain  of  the  cells  of  the  sujJerior  quadri- 
geniinal  body  enter  this  tract.  (2)  Through  the  mesial  fillet,  the  superior  quadrigeminal  Ijody  is 
connected  with  the  medulla  and  cord. 


Fig.  380. — Diagram  of  the  Central  Connex- 
ions OP  THE  Optic  Nerve  and  Optic  Tract. 


THE  PARTS  DERIVED  FROM  THE  TELENCEPHALON. 
Cerebral  Hemispheres. 

The  cerebral  hemispheres  form  the  largest  part  of  the  fully-developed  brain. 
When  viewed  from  above  they  form  an  ovoid  mass,  the  broadest  end  of  which  is 
directed  backwards,  and  the  longest  transverse  diameter  of  which  will  be  found  in 
the  vicinity  of  the  parts  which  lie  subjacent  to  the  parietal  eminences  of  the 
cranium.  The  massive  rounded  character  of  the  anterior  or  frontal  end  of  each 
cerebral  hemisphere  constitutes  a  leading  human  characteristic  ;  but  the  hinder  or 
occipital  end  is  narrow  and  pointed,  and  is  directed  somewhat  downwards.  The  two 
cerebral  hemispheres  are  separated  from  each  other  by  a  deep  mesial  cleft,  termed 
tbe  great  longitudinal  fissure. 

Great  Longitudinal  Fissure  (fissura  longitudinalis  cerebri). — In  front  and 
behind  the  great  longitudinal  fissure  passes  from  the  dorsal  to  the  ventral  aspect  of 
the  cerebral  hemispheres,  so  as  to  separate  them  completely  from  each  other.  In 
its  middle  part,  however,  the  fissure  is  interrupted  and  floored  by  the  corpus 
callosum,  a  white  commissural  band,  which  passes  between  the  hemispheres  and 
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connects  them  together.  The  upper  surface  of  the  corpus  callosum  can  be 
displayed  by  gently  drawing  asunder  the  contiguous  mesial  surfaces  of  the 
cerebral  hemispheres.  The  great  longitudinal  fissure  is  occupied  ])y  a  mesial 
fold  of  dura  mater,  termed  the  falx  cerebri,  which  partially  subdivides  the  part 
of  the  cranial  cavity  allotted  to  the  cerebrum  into  a  right  and  left  chamber. 

External  Configuration  of  each  Cerebral  Hemisphere. — Each  cerebral  hemi- 
sphere presents  an  external,  an  internal,  and  an  inferior  surface.  The  external 
surface  is  convex  and  is  adapted  accurately  to  the  deep  surface  of  the  cranial 
vault.  The  internal  or  mesial  surface  is  flat  and  perpendicular,  and  bounds  the 
great  longitudinal  fissure.  lu  great  part  it  is  in  contact  with  the  falx  cerebri ;  and 
where  that  partition  is  deficient,  it  is  applied  to  the  corresponding  portion  of  the 
internal  surface  of  the  opposite  hemisphere.  The  inferior  surface  is  irregular  and 
is  adapted  to  the  cranial  fioor,  where  it  forms  the  anterior  and  middle  cranial 
lossai,  and,  behind  these,  to  the  upper  surface  of  the  tentorium  cerebelli.  Traversing 
this  surface  in  a  transverse  direction,  nearer  the  anterior  end  of  the  hemisphere 
than  the  posterior  end,  is  the  stem  of  the  Sylvian  fissure.  This  deep  cleft  divides 
the  inferior  surface  into  an  anterior  or  orbital  area,  which  rests  on  the  orbital  plate 
of  the  frontal  bone,  and  is  consequently  concave  from  side  to  side,  and  a  more 
extensive  posterior  or  tentorial  area,  which  lies  on  the  floor  of  the  lateral  part  of  the 
middle  cranial  fossa  and  upon  the  upper  surface  of  the  tentorium  cerebelli.  This 
surface  is  arched  from  before  backwards,  and  looks  inwards  as  well  as  downwards. 
In  its  hinder  two-thirds  it  lies  above  the  cerebellum,  from  which  it  is  separated  by 
the  tentorium  cerebelli. 

The  borders  which  intervene  between  these  surfaces  are  the  supero-mesial,  the 
superciliary,  the  infero-lateral,  and  the  internal  occipital.  The  supero-mesial 
horder,  convex  from  before  backwards,  intervenes  between  the  convex  external 
surface  and  the  fiat  internal  surface  of  the  hemisphere.  The  superciliary  horder  is 
highly  arched  and  separates  the  orbital  surface  from  the  external  surface.  The 
infero-lateral  horder  marks  off  the  tentorial  surface  from  the  external  surface.  The 
internal  occipital  horder  can  only  be  seen  in  cases  where  the  brain  has  been  hardened 
in  situ  and  faithfully  retains  the  natural  form.  It  extends  from  the  posterior  end 
of  the  hemisphere  towards  the  hinder  extremity  of  the  corpus  callosum,  and  inter- 
venes between  the  mesial  and  tentorial  surfaces.  It  is  the  border  which  lies  along 
the  straight  blood  sinus,  and  it  therefore  occupies  the  angle  which  is  formed  by  the 
attachment  of  the  posterior  part  of  the  falx  cerebri  to  the  upper  surface  of  the 
tentorium  cerebelli. 

The  most  projecting  part  of  the  anteiuor  end  of  the  cerebral  hemisphere  is  called 
the  frontal  pole,  whilst  the  most  projecting  part  of  the  hinder  end  is  termed  the 
occipital  pole.  On  the  under  surface  of  the  hemisphere  the  prominent  point  of 
cerebral  substance  which  extends  forwards  below  the  Sylvian  fissure  receives  the 
name  of  the  temporal  pole.  In  a  well-hardened  brain  a  broad  groove  is  usually 
present  on  the  inner  and  lower  aspect  of  the  occipital  pole  of  the  right  hemisphere. 
This  corresponds  to  the  commencement  of  the  right  lateral  venous  sinus.  A  less 
distinct  groove  on  the  occipital  pole  of  the  left  hemisphere  frequently  indicates  the 
commencement  of  the  left  lateral  sinus.  On  the  tentorial  surface,  a  short  distance 
behind  the  temporal  pole,  a  well-marked  depression  is  always  visible.  This  corre- 
sponds to  the  higli  elevation  on  the  anterior  surface  of  the  petrous  portion  of  the 
temporal  bone  over  the  superior  semicircular  canal. 

Cerebral  Gyri  and  Sulci. — The  surface  of  the  cerebral  hemispheres  are  rendered 
highly  irregular  by  the  presence  of  convolutions  or  gyri,  separated  from  each  other 
by  intervening  furrows  of  very  varying  depth,  termed  sulci  or  fissures.  The  surface 
pattern  which  is  presented  by  these  gyri  and  sulci  is,  in  its  general  features,  the 
same  in  all  normal  human  brains ;  but  when  the  comparison  is  pushed  into  minute 
detail  many  differences  become  manifest,  not  only  in  the  brains  of  different  indi- 
viduals, but  also  in  the  two  cerebral  hemispheres  of  the  same  individual. 

There  are  two  varieties  of  furrows,  viz.  complete  and  incomplete.  The  complete 
fissures  are  few  in  number  in  the  adult  brain,  and  are  formed  by  inwardly-directed 
infoldings  involving  the  entire  thickness  of  the  cerebral  wall.  They  consequently 
show  in  the  interior  of  the  cerebral  cavity  or  lateral  ventricle  in  the  form  of  internal 
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elevations  ou  its  wall.  The  complete  fissures  are  the  following :  (1)  the  dentate  or 
hippocampal  fissure ;  (2)  the  anterior  part  of  the  calcarine  fissure ;  and  (3)  a 
portion  of  the  collateral  fissure.  The  incomplete  fissures  are  merely  surface  furrows 
of  very  varying  depth,  which  do  not  produce  any  effect  on  the  inner  surface  of  the 
ventricular  wall. 

General  Structure  of  the  Cerebral  Hemispheres. — Each  cerebral  hemisphere 
is  composed  of  an  outside  coating  of  gray  matter,  spread  in  a  continuous  and  un- 
interrupted layer  over  its  surface,  and  an  internal  mass  of  white  matter,  which  forms 
for  the  most  part  the  immediate  wall  of  the  ventricular  cavity.  The  gray  coating 
is  termed  the  cerebral  cortex,  and  the  internal  white  matter  is  called  the  medullary 
centre.  Each  convolution  shows  a  corresponding  structure.  On  transverse  section 
it  is  seen  to  present  an  external  covering  of  gray  cortex,  supported  by  a  central  core 
of  white  matter. 

But,  in  addition  to  the  gray  matter  on  the  outside,  there  are  certain  large 
deposits  of  gray  matter  embedded  in  the  basal  part  of  eaclr.  cerebral  hemisphere. 
These  cerebral  nuclei  constitute  the  corpus  striatum,  and,  although  to  some  extent 
isolated  from  the  gray  matter  on  the  surface,  it  can  be  easily  shown  that  at  certain 
points  they  are  directly  continuous  with  it. 

By  means  of  the  convolutions  and  sulci,  the  gray  matter  on  the  surface  of  the 
hemisphere  is  enormously  increased  in  quantity  without  unduly  adding  to  the  bulk 
of  the  organ ;  and,  further,  the  vascular  pia  mater,  which  dips  into  every  fissure,  is 
increased  in  extent  to  a  like  degree.  Opportunity  is,  therefore,  afforded  to  the 
cortical  vessels  of  breaking  up  into  twigs  of  exceeding  fineness  before  they  enter  the 
substance  of  the  hemisphere.  The  distribution  of  blood  to  the  gray  cortex  is,  in  this 
way,  equahsed  and  rendered  uniform. 

Cerebral  Lobes  and  Interlobar  Fissures. —  Certain  of  the  fissures  which 
traverse  the  surface  of  the  cerebrum  are  arbitrarily  chosen  for  subdividing  the 
surface  into  districts  or  areas,  which  are  termed  lobes.  These  fissures  are  termed 
interlobar,  and  are  the  following :  (1)  the  fissure  of  Sylvius ;  (2)  the  fissure  little 
Eolando ;  (3)  the  parieto-occipital ;  (4)  the  calloso-marginal ;  (5)  the  collateral ; 
and  (6)  the  limiting  sulcus  of  Eeil. 

The  lobes  which  are  mapped  out  by  these  fissures  are :  (1)  the  frontal ;  (2)  the 
parietal ;  (3)  the  occipital ;  (4)  the  temporal ;  (5)  the  insula,  or  the  Island  of  Eeil ; 
(6)  the  limbic.  To  these  may  be  added  a  seventh  lobe,  in  no  way  related  to  the 
interlobar  fissures,  viz.  the  olfactory  lobe.  With  the  exception  of  the  occipital  and 
olfactory  lobes  and  the  insula,  this  subdivision  of  the  hemisphere  presents  little 
morphological  or  physiological  value,  and  is  chiefly  adopted  for  topographical 
purposes. 

Fissure  of  Sylvius  (fissura  cerebri  lateralis). — This  is  the  most  conspicuous 
fissure  on  the  surface  of  the  cerebral  hemisphere.  It  is  composed  of  a  short  main 
stem,  from  the  outer  extremity  of  which  three  branches  or  limbs  radiate.  The 
stem  of  the  Sylvian  fissure  is  placed  on  the  inferior  surface  of  the  hemisphere.  It 
begins  at  the  locus  perforatus  anticus  in  a  depression  termed  the  vallecula  Sylvii. 
From  this  it  passes  horizontally  outwards,  forming  a  deep  cleft  between  the 
temporal  pole  and  the  orbital  surface  of  the  frontal  lobe.  Appearing  ou  the 
outer  surface  of  the  hemisphere  at  a  point  called  the  Sylvian  point,  the  Sylvian 
fissure  immediately  divides  into  three  radiating  branches.  These  are :  (1)  the 
ramus  horizontalis  posterior ;  (2)  the  ramus  horizontalis  anterior ;  (3)  the  ramus 
anterior  ascendens. 

The  posterior  horizontal  limb  is  the  longest  and  best  marked  of  the  three  limbs. 
It  extends  backwards,  with  a  slight  inclination  upwards  on  the  outer  surface  of  the 
hemisphere  for  a  distance  which  may  vary  from  about  two  to  three  inches.  It 
intervenes  between  the  frontal  and  parietal  lobes  which  lie  above  it  and  the 
temporal  lobe  which  lies  below  it,  and  it  finally  ends  in  the  region  subjacent  to  the 
parietal  eminence  of  the  cranial  wall  by  turning  upwards  into  the  parietal  lobe  in 
the  form  of  an  ascending  tei'minal  'piece. 

The  anterior  horizontal  limb  extends  horizontally  forwards  in  the  frontal  lobe  for 
a  distance  of  about  three-quarters  of  an  inch  immediately  above  and  parallel  to  the 
posterior  part  of  the  superciliary  margin  of  the  hemisphere. 
33 
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The  ascending  limb  proceeds  upwards,  with  a  slight  inclination  forwards,  into  the 
lower  part  of  tlie  outer  surface  of  the  frontal  lobe  for  a  distance  of  about  an  inch. 


Fig.  3S1. — Gvri  and  Sulci,  on  the  outer  surface  of  tlie  cerebral  hemisphere. 


Sulcus  frontalis  superior. 

r. 

Fissure  of  Rolando. 

Sulcus  frontalis  inferior. 

g.s. 

Superior  genu. 

f.ni. 

Sulcus  frontalis  medius. 

g-i- 
(1. 

Inferior  genu. 

p.m. 

Sulcus  paraineiiialis. 

Sulcus  diagonalis. 

A. 

Pars  basilaris. 

t'. 

Superior  temporal  sulcus  (parallel). 

B. 

Pars  triangularis. 

t-. 

Inferior  temporal  sidcus. 

C. 

Pars  orbitalis. 

P^- 

Inferior  postcentral  sulcus. 

S. 

Sylvian  fissure. 

Superior  postcentral  sulcus. 

s\ 

Anterior  horizontal  limb  (Sylvian  fissure). 

Ramus  horizontalis. 

Ascending  limb  (Sylvian  fissure). 

Ramus  occipitalis. 

s-'. 

Posterior  horizontal  limb  (Sylvian  fissure). 

s.o.t. 

Sulcus  occipitalis  transversus. 

p.c.i. 

Inferior  prEecentral  sulcus. 

cm. 

Calloso-marginal  sulcus. 

p  cs. 

Superior  pr<ecentral  sulcus. 

c.t.r. 

Inferior  transverse  furrow. 

In  many  cases  the  two  anterior  limbs  spring  from  a  common  stem  of  greater  or 
less  length,  and  nut  infrequently  both  are  replaced  by  a  single  anterior  limb. 

Limiting  Sulcus  of  Reil  (sulcus  circularis  Eeilii). — If  the  lips  of  the  posterior 
liorizontal  limb  of  the  Sylvian  fissure  be  widely  pulled  asunder  from  each  other,  the 
insula  or  island  of  Reil  will  be  seen  at  the  bottom.  The  insular  district  of  the 
cortex  is  completely  hidden  from  view  when  the  Sylvian  fissure  is  closed  by  over- 
lapping portions  of  the  cerebral  hemisphere,  and,  when  brought  into  view  in  the 
manner  indicated,  it  is  observed  to  present  a  triangular  outline  and  to  be  surrounded 
l)y  a  limiting  sulcus,  of  which  three  parts  may  be  recognised,  viz. :  an  upper  part, 
bounding  it  above  and  separating  it  from  the  parietal  and  frontal  lobes ;  a  lower 
part,  marking  it  off  below  from  the  temporal  lobe ;  and  an  anterior  part,  separating 
it  in  front  from  the  frontal  lobe. 

Opercula  Insulse. — The  overlapping  portions  of  the  cerebral  substance  which 
cover  over  the  insula  are  termed  the  insular  opercula,  and  they  form,  by  the  apposi- 
tion of  their  margins,  the  three  limbs  of  tlie  Sylvian  fissure.  The  opercula  are  four 
in  number  and  are  named:  (1)  temporal;  (2)  fron  to-parietal ;  (3)  frontal;  and  (4) 
orbital.  The  limbs  of  the  Sylvian  fissure  cut  right  through  between  the  different 
opercula  and  extend  from  the  exposed  surface  of  the  hemisphere  to  the  submerged 
surface  of  the  insula,  and,  in  this  manner,  separate  the  opercula  from  each  other. 

The  temporal  operculum  extends  upwards  over  the  insula  from  the  temporal  lobe, 
and  its  upper  margin  forms  the  lower  lip  of  the  posterior  horizontal  limb  of  the 
Sylvian  fissure. 

The  fronto-parietal  operculum  is  carried  downwards  from  the  parietal  and  frontal 
regions  over  the  insula,  and  its  lower  margin,  meeting  the  temporal  operculum, 
forms  the  upper  lip  of  the  posterior  limb  of  the  Sylvian  fissure. 
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The  frontal  operculum  is  the  small  triangular  piece  of  cerebral  substance  which 
intervenes  between  the  ascending  and  anterior  horizontal  limbs  of  the  Sylvian 
fissure.  It  covers  over  a  small  part  of  the  anterior  portion  of  the  insula,  and  is 
sometimes  termed  the  pars  triangularis. 

The  orbital  operculum  is,  for  the  most  part,  on  the  under  surface  of  the  hemi- 
sphere. It  lies  below  and  to  the  inner  side  of  the  anterior  horizontal  limb  of  the 
Sylvian  fissure,  and  proceeds  backwards  from  the  orbital  aspect  of  the  frontal  lobe 
over  the  forepart  of  the  insula.. 


Development  of  the  Sylvian  Fissure  and  of  the  Insular  District  of  the  Cerebral  Hemi- 
sphere.— It  is  onlj^  during  the  latter  half  of  the  intrauterine  period  of  development  that  the 
opercula  take  shape  and  grow  over  the  insula,  so  as  to  shut  it  out  from  the  surface.  In  its  early- 
condition  the  insula  presents  the  form  of  a  depressed  area  on  the  side  of  the  cerebral  hemisphere, 
surrounded  by  a  dis- 
tinct boundary  wall 
formed  by  the  sur- 
rounding more  elevated 
surface  of  the  hemi- 
sphere. After  a  time 
this  depressed  area, 
which  is  called  the 
Sylvian  fossa,  assumes 
a  triangular  outline, 
and  then  the  bounding 
wall  is  observed  to  be 
composed  of  three  dis- 
tinct parts,  viz.  :  an 
upper  or  fronto- 
parietal, a  lower  or 
temporal,  and  an  an- 
terior or  orbital  part. 
The  rounded  angle, 
formed  hy  the  meeting 
of  tlie  upper  and  an- 
terior portions  of  the 
boundary,  now  becomes 
flattened,  and  a  short 
oblique   part   of  the 

limiting  wall,  termed  the  frontal  portion,  assumes  shape  in  this  position.  Each  of  these  four 
portions  of  the  bounding  wall  of  the  Sylvian  fossa  becomes  a  line  of  growth,  from  which  an 
operculum  takes  origin,  and  by  the  approximation  of  these  opercula,  as  they  grow  over  the 
surface  of  the  Sylvian  fossa,  the  insula  becomes  closed  in  and  the  limbs  of  the  Sylvian  fissure 
are  formed. 

The  temporal  and  fronto-parietal  opercula  make  their  appearance  somewhere  about  the  end 
of  the  fifth  month  of  foetal  development,  long  before  the  other  two  opercula  show  any  indication 
of  growth.    The  temporal  operculum  grows  more  rapidly  than  the  fronto-parietal ;  so  that,  when 


Fig.  38'2. — Thrke  Stages  in  the  Development  of  the  Insula  and  the 
Insular  Opercula. 

Right  cerebral  hemisphere  from  a  foetus  in  the  latter  part  of  the  fourth  month 
of  development  ;  B,  Right  cerebral  hemisphere  from  a  foetus  in  the  fifth 
month  of  development  ;  C,  Right  cerebral  hemisphere  from  a  foetus  in  the 
latter  part  of  the  eighth  month  of  development. 
C  the  temporal  operculum  has  been  removed,  and  thus  a  large  part  of  the 
insula  is  exposed. 

F.P,  Fronto-parietal  operculum.      F,  Frontal  operculum.     0,  Orbital  operculum. 


In 


Fig.  383. — Diagram  to  Illustrate  the  Development  op  the  Opercula  which  cover  the  Insula. 

A,  Sylvian  fossa  before  opercula  begin  to  form  ;  B,  Fronto-parietal  and  temporal  opercula  well  advanced  ; 
C,  All  the  four  opercula  developed  but  not  in  apposition. 
F.P.  Fronto-parietal  operculum.     O.R.  Orbital  wall  of  fossa.       s'^.  Anterior  horizontal  limb  of  Sylvian  fissure. 
T.     Temporal  operculum.  F.     Frontal  operculum.         s'*.  Ascending  limb. 

F.R.  Frontal  wall  of  fossa.  0.     Orbital  operculum.  s'*.  Posterior  horizontal  limb. 

the  margins  of  these  two  opercula  come  together  to  form  the  posterior  limb  of  the  Sylvian  fissure, 
there  is  a  greater  extent  of  the  Sylvian  fossa  covered  by  the  temporal  operculum  than  by  the  fronto- 
parietal operculunu  This  accounts  for  the  more  oblique  direction  of  the  Sylvian  fissure  in  the  foetal 
brain.    But  at  this  stage  a  growth-antagonism  between  the  two  opercula  takes  place,  and  in  this 
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the  £roBU>-p«rktal  <^ieKQlam  proves  the  vietor.  The  coniigwMts  lips  of  the  two  opeivuU  become, 
in  the  fim  instmee.  tightly  pressed  together,  and  th^  as  thr  -  -  -^rcaliuu  proves  the  stron^r 
xnd  the  mo««  vigoioas  in  it?  growth,  the  posteiiw  linib  of  ~  ~  i  &fui«  Necomie^  ^•daallr 
depiessed  imtil  it  sfsumes  the  inelination  chaneter         '  It  would  appear  that  the 

Oipncslar  growth-anta^Miism  which  prodnces  thi~  limaan  brain  does  not  occur  to 

the  same  extent,  if  indeed  it  oeous  at  alL  in  the  a:  ■  .  >  ideni  from  the  oWique  direction 
of  the  post^icH'  limb  of  the  Sylvian  fissure  in  ^le  amian  bnin.  The  greater  growth  energy 
of  the  £roBto-parietal  ^>en»ilom  in  the  human  htain  is  not  r.^-  -I  to  the  foetal  sta^  of 
devt^pment,  but  is  mined  into  the  earlier  stages     in&ntile  .  :.d  it  is  probable  that 

it  is  due  to  an  e:cten^oii  of  that  district  of  the  cortex  in  wL.  entres  for  the  skilled 

movemcnrs  of  the  npp^r  limbs  reside,  and  ako  to  an  extension  of  Fiech^s  paiieto-occipital 
aesociasioii  aiva. 

The  iHbital  and  frontal  opocula  are  late  in  appearii]^  a&d  very  taidy  in  their  growth. 
Indeed,  it  is  only  duriiur  the  eooise  of  the  first  year  of  injEintile  life  that  they  come  into  apposition 
with  e«ch  other  and  with  the  other  two  opereola.  so  as  to  cl(«e  in  the  fcnepart  of  the  Sylvian  fosai 
and  fonn  the  anreriiH'  liml^  of  the  Sylvian  fissure.  They  do  not  begin  to  take  shape  until  more 
than  half  of  the  Sylvian  fossa  has  already  been  dosed  by  the  fomto-parietal  and  the  tempmal 
opeacola.  The  wbital  operrnhnn  appears  first  and  b  murh  more  constant  in  its  growth  than 
the  fivotal  c^mcnfaim,  which  indeed  frequently  fiife  awl.  even  when  present,  shoire 

the  gresate^  amoont  of  variatality  in  the  degree  to  wh:  eloj^ 

Vaiiatkns  in  the  degree  o(  development  <rf  the  fron:...  .^-r:  oliun  influence  greatly  the  form 
pnsented  by  the  two  antioior  limbs  of  the  Sylvian  figure.  Wtween  which  ii  lies.  When  strongly 
devdoped,  it  separates  the  two  Sylvian  limbs  from  each  other  to  such  an  extern  that  they  assume 
the  appeaiance  of  the  letter  U :  wboi  the  frontal  operrulum  is  less  str^Higly  marked,  the  anteriw 
Sylvnn  Hmbs  may  assume  a  V  form  or  a  Y  farm.  In  the  latter  case,  the  orbital  ai^l  the  fronto- 
parietal <^>«cnla  meet  helow  the  frontal  <^renliim  to  form  the  stem  oi  the  Y.  In  those  cases 
whexe  the  frontal  operculum  is  al^ent  alt<3geiher,  a  single  anterior  limb  of  the  Sylvian  fissure  is 
the  result. 

The  late  appearance,  the  ^w  growth,  the  variability  of  these  two  opeivnla,  and  also  the 
tendency  to  ab(Hti\¥  growth  or  compile  suppression  of  the  frontal  operrnliun,  all  bespeak  the 
£ks  that,  from  a  phykgenetic  point  of  view,  the  frontal  and  cslMtal.  opereula  are,  cranparatively 
speakii^  re««it  |»<oiiiactiotts  in  the  evolimon  d  the  human  brain.  In  the  anthropoid  ape  they 
axe  abeait,  and,  cai£equenily,  the  ibrepart  oi  the  i^and  of  Beil  is  exposed  on  the  snr&ce  of  the 
siiwian  Isain.  The  same  cii»iditi<»  is  not  at  all  an  uncommon  occnrrraKe  in  the  brain  of  the 
microcephali'C  idiot. 

Hssure  of  Rolando  ^sulcus  centralis). — The  fissure  of  Bolando  takes  an  oblique 
coarse  acroes  the  outer  CMiTex  surface  of  the  cerebral  henusphere  and  intervenes 

between  the  finontal  and  parietal  lobes. 
Its  upper  «id  cuts  the  supero- mesial 
IxHtler  of  the  hemisphere  a  short  distance 
/  ^^^^  .  behind  the  mid-point  between  the  firontal 

*  -        ■A  and  occipital  p:»Ie?.  whilst  its  lower  end 

terminates  at-jve  the  midiJle  of  the  pos- 
terior horizontal  limb  of  the  fissure  of 
.lainiackiE^  Svlvius^  Its  supcrior  extremity,  as  a 
rule,  turns  round  the  supero-meaal  border 
of  the  hemisphere,  and  is  then  continued 
backwards  for  a  short  distance  on  the 
n.esiil  surface.  Although,  in  its  general 
oirection,  the  fissure  is  oblique,  it  is 
very  far  trom  being  straight.  It  takes 
a  anuons  c-ouise  acPDSs  the  hemisf-here 
and  makes  two  t-ends,  which  are  usually 
fairly  conspicuous,  and  which  are  termed 
the  genua.  The  sij-^rior  g^nu  is  plac-ed 
tietween  the  upper  and  middle  thirds  of 
F>^r^  •  &  -.ivz.:  ?riiT  ■  pised  rr,  the  fissure.  and  its  concavitT  is  directed 
Z^'^^^^^^^"^  ior^:  the  inferior  genu  is  situated 

in  front  of  the  supenor  bend  and  a 
^tait  di^ance  Iowa  down.  Its  convexity  is  directed  forwardsL  The  short  f>ortion 
of  the  fissure  between  the  two  genua  is  not  in&equently  very  nearly  horizontal 
in  directkMi.  The  angle  which  the  genial  direction  of  the  fissure  of  Eolando 
makes  with  the  mesial  plane  is  tem^  the  'RniaTuWr.  aagiiR.  In  the  adult  brain 
the  average  Bolandic  angle  is  71'  7',  and  the  limits  of  variation  would  appear  to  be 
69'  and  74'. 
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Wlien  the  fissure  of  Rolando  is  widely  oiDened  up,  so  tliat  its  bottom  and  its  opposed  sides  may 
be  fully  inspected,  it  will  be  seen  that,  in  tlie  neighbourhood  of  the  superior  genu,  the  two  bound- 
ing gyri  are  dovetailed  into  each  other  by  a  number  of  interlocking  gyri,  which  do  not  appear  on 
the  surface.  Further,  two  of  these,  placed  on  opposite  sides  of  the  fissure,  are  frec[uently  joined 
across  the  bottom  of  the  sulcus  in  the  form  of  a  sunken  bridge  of  connexion,  which  constitutes 
what  is  termed  a  deep  annectant  gyrus.  The  continuity  of  the  fissure  is  thus,  to  some  extent, 
interrupted.  This  condition  is  rendered  interesting  when  considered  in  connexion  with  the 
de-\'elo})ment  of  the  sulcus.  The  deep  interlocking  gyri  indicate  a  great  exuberance  of  cortical 
growth  in  this  situation  in  the  early  stages  of  the  development  of  the  fissure  ;  and  the  presence  of 
the  deep  annectant  gyrus  is  explained  by  the  fact,  that  the  fissure  of  Rolando  generally  develops  in 
two  pieces,  which  run  into  each  other  to  form  the  continuous  sulcus  of  the  adult,  viz.  a  part  cor- 
responding to  the  lower  two-thirds,  and  an  upper  part,  which  represents  the  upper  third  and 
which  appears  at  a  slightly  later  date.  In  certain  very  rare  cases  the  fissure  of  Rolando  is  found  to 
remain  double  throughout  life,  through  a  failure  of  its  two  pieces  to  unite.  In  such  cases  the  deep 
annectant  gyrus,  which  is  frequently  seen  at 
the  bottom  of  the  furrow,  remains  on  the 
surface.  Heschl,  who  examined  2174  cerebral 
hemispheres,  only  found  this  anomaly  six 
times ;  Eberstaller  met  with  it  twice  in 
200  brains. 

Parieto  -  occipital  Fissure.  —  A 

small  part  of  this  fissure  appears  ou 
the  outer  face  of  the  cerebral  hemi- 
sphere. For  the  most  part  it  is  situ- 
ated on  the  internal  surface.  It  is 
customary,  therefore,  to  describe  an 
external  parieto-occipital  and  an  in- 
ternal parieto-occipital  fissure.  It 
must  be  clearly  understood,  however, 
that  they  are  directly  continuous  with 
each  other  round  the  supero-mesial 
border  of  the  hemisphere.  The  parieto- 
occipital fissure  intervenes  between 
the  parietal  and  occipital  lobes. 

The  external  parieto  -  occipital 
fissure  cuts  the  supero-mesial  border 
of  the  hemisphere  in  a  transverse 
direction  at  a  distance  of  from  one 
and  a  half  to  two  inches  in  front  of 
the  occipital  pole.  It  is,  as  a  rule, 
not  more  than  about  a  half  an  inch  long,  and  it  is  brought  to  an  abrupt  termina- 
tion by  an  arching  convolution,  which  winds  round  its  extremity  and  receives  the 
name  of  arcus  parieto-occipitalis. 

The  internal  parieto-occipital  fissure  is  carried  downwards  on  the  inner  surface  of 
the  hemisphere  in  a  nearly  vertical  direction  as  a  conspicuous  and  deep  cleft.  A 
short  distance  behind  the  hinder  end  of  the  corpus  callosum  its  lower  end  runs  into 
the  calcarine  fissure. 

The  parieto-occipital  fissure  is  developed,  as  a  rule,  after  the  manner  of  a  complete  fissure.  In 
the  fcctal  brain  it  forms  a  very  evident  infolding  of  the  cerebral  wall.  In  the  adult  brain,  how- 
ever, it  does  not  form  any  eminence  on  the  inner  wall  of  the  ventricle,  because  it  does  not  extend 
downwards  as  far  as  the  cavity.  The  wall  of  the  ventricle  diuing  the  growth  of  the  hemisphere 
has  thickened  to  such  an  extent  that  the  part  corresponding  to  the  fissure  has  become  solid. 

Collateral  Fissure  (fissura  coUateralis). — The  collateral  sulcus  is  a  strongly- 
marked  fissure  on  the  tentorial  face  of  the  cerebral  hemisphere.  It  begins  near  the 
occipital  pole  and  extends  forwards  towards  the  temporal  pole.  In  its  posterior 
part  it  is  j)laced  below,  and  parallel  to,  the  calcarine  fissure,  whilst  in  front  it  is 
separated  from  the  hippocampal  or  dentate  fissure  by  the  hippocampal  gyrus,  which 
is  the  innermost  convolution  on  the  tentorial  surface  of  the  hemisphere. 

In  front  of  the  anterior  end  of  the  collateral  fissure  a  shallow  sulcus  turns 
round  the  anterior  end  of  the  temporal  lobe,  so  as  to  intervene  between  the  temporal 
pole  and  the  uncinate  or  hook-like  extremity  of  the  hippocampal  convolution. 
This  is  the  incisura  temporalis,  and  it  may  be  regarded  as  a  forward  prolongation 


r.2 


Fi(i.  385. — Left  Cerebral  Hemisphere,  from  a  foetus  in 
the  early  part  of  the  seventh  mouth  of  development. 

p.c.s.  Sulcus  praiceutralis  superior. 

p.c.i.  Sulcus  prsecentralis  infei'ior. 

1^  Lower  part  of  Rohiiidio  fissure. 

r'.  Upjjer  part  of  Rolandic  fissure. 

p^  Inferior  postcentral  sulcus  1 

p-'.  Ramus  horizontalis  j-Iutraparietal  fissure. 

p"*.  Ramus  occipitalis  J 

e.p.  External  perpendicular  fissure. 

t^  Parallel  sulcus. 

S.  Sylvian  fossa. 

F.P.  Frouto-parietal  wall. 

F.  Frontal  wall. 

0.  Orbital  wall. 
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of  the  collateral  fissure ;  at  the  same  time  it  must  be  admitted  that  the  two  are 
seldom  continuous  with  each  other.  The  collateral  fissure  and  the  incisura 
temporalis  intervene  between  the  Umbic  and  temporal  lobes. 


Fig.  386. — The  Gyhi  and  Sulci  on  the  Mesial  Aspect  of  the  Cerebkal  Hemisphere. 
r,  Fissure  of  Rolando,    r.o,  Rostral  sulcus,    i.t,  Incisura  temporalis. 

Tlie  collateral  fissure  is  developed,  as  a  rule,  in  three  portions — a  hinder  or  occipital,  an 
intermediate,  and  an  anterior  or  temporal  part.  These  ultimately  run  into  each  other  and  form 
the  continuous  fissure.  The  middle  part  is  usually  a  complete  fissure  and  responsible  for  the  pro- 
duction of  the  eminentia  collateralis  posterior  in  the  floor  of  the  trigonum  of  the  lateral  ventricle  ; 
the  temporal  part  is  sometimes  a  complete  fissure,  forming  when  it  is  so  the  eminentia  collateralis 
anterior ;  the  occipital  part  is  always  incomplete. 

Calloso-inarginal  Fissure. — This  fissure  is  a  strongly-marked  sulcus  on  the 
forepart  of  the  mesial  surface  of  the  hemisphere.  It  divides  the  front  portion  of 
the  mesial  surface  into  an  upper  marginal  and  a  lower  callosal  convolution,  and 
intervenes  between  the  frontal  and  Umbic  lobes.  Beginning  below  the  fore  end  of 
the  corpus  callosum,  close  to  the  locus  perforatus  anticus,  the  calloso-marginal 
fissure  curves  round  in  front  of  the  genu  of  the  corpus  callosum,  and  then  extends 
backwards  to  a  point  a  short  distance  behind  the  middle  of  the  mesial  surface. 
It  then  turns  vipwards  and  cuts  the  supero- mesial  border  of  the  hemisphere, 
immediately  behind  the  upper  end  of  the  fissure  of  Eolando.  The  relation  presented 
by  the  two  extremities  of  these  fissures  is  such  that  they  can  both  be. readily 
recognised  either  when  examined  on  the  outer  or  mesial  aspect  of  the  cerebrum. 

The  calloso-marginal  sulcus  is  developed  in  two  or  three  separate  pieces,  which,  as  growth 
proceeds,  run  into  each  other  and  form  the  continuous  fissure.  The  numerous  cases  of  irregular 
arrangement  met  with  in  connection  with  this  fissure  can  generally  be  explained  by  this  inter- 
ruiJted  mode  of  development. 

Frontal  Lobe. — The  frontal  lobe  is  the  largest  of  the  cerebral  lobes.  On  the 
outer  surface  of  the  hemisphere,  it  is  bounded  behind  by  the  fissure  of  Eolando  and 
below  by  the  posterior  horizontal  limb  of  the  fissure  of  Sylvius.  On  the  mesial 
face  it  is  limited  by  the  calloso-marginal  fissure,  whilst  on  the  inferior  surface  of 
the  hemisphere  the  stem  of  the  Sylvian  fissure  forms  its  posterior  boundary.  It 
presents  an  outer  surface,  a  mesial  surface,  and  an  inferior  or  orbital  surface. 

On  the  outer  surface  of  the  frontal  lobe  the  following  sulci  and  gyri  may  be 
recognised : — 

-  Sulcus  prajcentralis  inferior.  /  Gyrus  frontalis  ascendens  or  gyrus 


Sulcus  prajcentralis  superior. 
Sulcus  paramedialis. 


centralis  anterior. 


Sidci  I 


Sulcus  frontalis  superior. 
Sulcus  frontalis  medius. 
Sulcus  frontalis  inferior. 
Sulcus  diagonalis. 


.Sulcus  fronto-marginalis. 
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The  inferior  prsecentral  sulcus  consists  of  a  vertical  and  a  horizontal  part,  and, 
when  developed  in  a  typical  manner,  it  presents  a  figure  like  the  letter  T  or  F. 
The  vertical  portion  lies  in  front  of  the  lower  part  of  the  fissure  of  Eolando,  whilst 
the  horizontal  part  extends  obliquely  forwards  and  upwards  into  the  middle  frontal 
convolution. 

The  superior  prsecentral  sulcus  is  a  short  vertical  sulcus  which  lies  at  a  higher 
level  than  the  inferior  pniecentral  furrow,  in  front  of  the  upper  part  of  the  fissure 
of  Eolando.  It  is  almost  invariably  conneqted  with  the  hinder  end  of  the  superior 
frontal  sulcus. 

The  anterior  central  convolution  (ascending  frontal  gyrus)  is  a  long  continuous 
gyrus,  which  is  limited  in  front  by  the  two  prtecentral  furrows  and  behind  by 
the  fissure  of  Eolando.  It  extends  obliquely  across  the  hemisphere  from  the 
supero-mesial  margin  above  to  the  posterior  horizontal  Umb  of  the  Sylvian  fissure 
below. 

The  superior  frontal  sulcus  extends  forwards  in  a  more  or  less  horizontal  direc- 
tion from  the  sulcus  prsecentralis  superior. 

The  gyrus  frontalis  superior  is  the  narrow  convolution  between  the  supero-mesial 
border  of  the  hemisphere  and  the  superior  frontal  sulcus.  It  takes  a  horizontal 
course  to  the  frontal  pole. 

The  inferior  frontal  sulcus  occupies  a  lower  level  than  the  superior  frontal  furrow. 
Its  hinder  end  is  placed  in  the  angle  between  the  vertical  and  horizontal  parts  of  the 
inferior  prascentral  sulcus,  and  is  not  infrequently  confluent  with  one  or  other  of 
these.  It  proceeds  forwards  towards  the  superciliary  margin  of  the  hemisphere  and 
ends  a  short  distance  from  this  in  a  terminal  bifurcation. 

The  gyrus  frontalis  medius  is  the  name  given  to  the  broad  convolution  which 
lies  between  the  superior  and  inferior  frontal  sulci. 

The  gyrus  frontalis  inferior  is  that  portion  of  the  outer  surface  of  the  frontal 
lobe  which  is  placed  in  front  of  the  inferior  prtecentral  sulcus  and  below  the  inferior 
frontal  sulcus.  The  inferior  frontal  convolution  is  cut  into  three  pieces  by  two 
anterior  limbs  of  the  Sylvian  fissure.  These  are  termed  the  pars  basilaris,  the  pars 
triangularis,  and  the  pars  orbitalis. 

The  pars  basilaris  is  that  part  which  lies  between  the  vertical  limb  of  the  inferior 
pnecentral  sulcus  and  tlie  ascending  limlj  of  the  Sylvian  fissure.  It  forms  the  anterior 
part  of  the  fronto-parietal  operculum,  and  it  is  traversed  in  an  oblique  direction  by 
a  shallow  but  constant  furrow,  termed  the  sulcus  diagonalis.  The  pars  triangularis  is 
simply  another  name  for  the  frontal  operculum.  It  is  triangular  in  form,  and  lies 
between  the  anterior  ascending  and  the  anterior  horizontal  limbs  of  the  Sylvian 
fissure.  The  pars  orbitalis  is  placed  below  the  anterior  horizontal  limb  of  the 
Sylvian  fissure. 

The  inferior  frontal  convohition  j)ossesses  a  special  interest  on  account  of  tlie  localisation 
within  it,  on  the  left  side,  of  the  speech  centre.  From  it,  also,  tlie  front  part  of  the  fronto-parietal 
and  the  whole  of  the  frontal  operculum  are  developed.  This  opercular  development  in  connexion 
with  the  inferior  frontal  gyrus  constitutes  a  leading  j)oint  of  difference  between  the  brain  of  man 
and  that  of  the  ape.  Even  in  the  highest  ape  the  inferior  frontal  convolution  is  not  opercular. 
The  frontal  operculum  is  not  present  and  the  anterior  part  of  the  insula  is  exposed  on  the  surface. 
Probably  the  excess  of  growth  which  determines  the  formation  of  the  frontal  operculum  in  man 
has  some  connexion  with  the  development  of  the  speech  centre. 

The  sulcus  paramedialis  is  the  term  applied  to  a  series  of  short  irregular  depres- 
sions or  furrows,  arranged  longitudinally,  close  to  the  supero-mesial  border  of  the 
hemisphere.  These  rudimentary  sulci  partially  subdivide  the  superior  frontal  con- 
volution into  an  upper  and  a  lower  part,  and  they  are  of  interest  in  so  far  that  they 
are  never  developed  in  the  ape,  and  are  deeper  and  better  marked  in  the  higher 
types  of  human  brain. 

The  sulcus  frontalis  medius  (Eberstaller)  proceeds  horizontally  forwards  in  the 
forepart  of  the  middle  frontal  convolution,  so  as  to  subdivide  it  into  an  upper  and  a 
lower  part.  When  the  furrow  reaches  the  superciliary  margin  of  the  hemisphere 
it  bifurcates,  and  its  terminal  branches  spread  out  widely  and  constitute  a  trans- 
verse furrow,  called  the  fronto-marginal  sulcus.  The  sulcus  frontalis  medius  is  only 
found  in  man  and  the  anthropoid  apes.    It  is  not  present  in  any  of  the  lower  apes. 
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Owing  to  the  subdivision  of  the  superior  and  middle  frontal  convolutions  in  the 
manner  indicated,  the  typical  arrangement  of  the  convolutions  in  the  anterior  part 
of  the  outer  surface  of  the  frontal  lobe  is  in  five  horizontal  tiers,  and  not  in  three 
tiers,  as  formerly  described. 

As  a  rule,  the  m]ci  on  the  outer  surface  of  tlie  frontal  lobe  during  the  process  of  development 
appear  in  the  following  order :  (1)  sulcus  prtecentralis  inferior ;  (2)  sulcus  frontalis  inferior ; 
(3)  sulcus  prsecentralis  superior  and  sulcus  frontalis  superior ;  (4)  sulcus  frontalis  niedius ; 
(5)  sulcus  paraniedialis.  This  gives  an  indication  of  the  relative  nrorpliological  importance  of 
these  sulci. 

On  tlie  mesial  aspect  of  the  frontal  lohe  there  is  an  elongated  more  or  less 
continuous  convolution,  called  the  gyrus  marginalis.  It  lies  between  the  supero- 
mesial  margin  of  the  hemisphere  and  the  calloso-marginal  fissure.  In  the  forepart 
of  this  gyrus  one  or  two  curved  sulci  are  usually  present.  They  are  termed  the 
sulci  rostrales.  The  posterior  part  of  the  marginal  convolution  is  more  or  less 
com])letely  cut  oft"  from  the  portion  which  lies  in  front.  This  part  is  called  the 
paracentral  lobule,  and  into  it  the  upper  end  of  the  fissure  of  Eolando  is  prolonged 
as  it  turns  over  the  supero-mesial  border  of  the  hemisphere. 

(_)n  the  orbital  asjiect  of  tlie  frontal  lobe  there  are  two  sulci,  viz.  the  olfactoiy 
and  the  orbital. 

The  olfactory  sulcus  is  a  straight  furrow  which  runs  parallel  to  the  mesial  border 
of  the  hemisphere.  It  is  occupied  by  the  olfactory  tract  and  bulb,  and  it  cuts  off"  a 
narrow  strip  of  the  orbital  surface  close  to  the  mesial  border,  which  receives  the 
name  of  gyrus  rectus. 

Tiie  orbital  sulcus  is  a  composite  furrow  which  assumes  many  different  forms. 

As  a  general  rule  it  presents  a 
shape  similar  to  that  of  the 
letter  H,  and  is  then  composed 
of  three  parts,  viz.  an  external 
limb,  an  internal  limb,  and  a 
transverse  limb.  The  external 
limb  (sulcus  orbitalis  externus) 
curves  round  the  orbital  part  of 
tlie  inferior  frontal  convolution, 
so  as  to  limit  it  on  this  aspect 
(if  the  brain.  The  internal  limb 
(sulcus  orbitalis  internus)  is  fre- 
quently broken  up  into  two 
])ieces.  It  marks  off  a  convolu- 
tion between  itself  and  the 
olfa(;tory  sulcus,  called  the  gyrus 
orbitalis  internus.  The  transverse 
limb  (sulcus  orbitalis  transversus) 
takes  a  curved  course  between 
the  internal  and  external  limbs. 
The  district  in  front  is  termed 
tiie  gyrus  orbitalis  anterior,  and 
that  behind  the  gyrus  orbitalis 
posterior.  The  latter,  in  its 
outer  part,  corresponds  with  the 
orbital  operculum. 

Pakietal  Lobe.  —  The 
parietal  lobe  forms  a  consider- 
able part  of  the  external  surface 
of  the  cerebral  hemisphere,  and 
it  also  appears  on  the  inner 
surface  in  the  form  of  the  prsecuneus  or  the  quadrate  lobule.  In  front,  it  is 
bounded  by  the  fissure  of  Eolando,  which  separates  it  from  the  frontal  lobe. 
Below,  it  is  limited  in  its  forepart  by  the  posterior  horizontal  limb  of  the  fissure 
of  Sylvius.    Behind  the  upturned  end  of  tliis  fissure  the  surface  of  the  parietal 


Fig 


387. — GvKi  AND  Sulci  oh  tlie  tentorial  and  orbital  aspects 
of  the  cerebral  hemispheres. 
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lobe  is  continuous  interiorly  with  that  of  the  temporal  lobe,  and  an  arbitrary  line 
drawn  backwards  on  the  surface  of  the  brain,  in  continuation  of  the  horizontal 
part  of  the  posterior  limb  of  the  Sylvian  fissure,  is  taken  as  its  inferior  limit. 
Posteriorly,  it  is  separated  from  the  occipital  lobe  at  the  supero-mesial  border  of 
the  hemisphere  by  the  external  parieto-occipital  fissure.  Below  th-is  fissure  the 
surface  of  the  parietal  lobe  is  continuous  with  that  of  the  occipital  lobe ;  and  an 
arbitrary  line  drawn  across  the  outer  surface  of  the  hemisphere,  from  the  extremity 
of  the  external  parieto-occipital  fissure  to  ap  indentation  on  the  infero-lateral  border 
of  the  hemisphere,  termed  the  prgeoccipital  notch,  may  be  regarded  as  furnishing  a 
posterior  limitation. 

Tlie  prpeoecijjital  notcli  is,  a.s  a  rule,  only  visible  in  brains  tliat  have  l)een  hardened  in  situ.  It 
is  j^laced  on  the  infero-lateral  border  of  the  hemisphere,  about  an  inch  and  a  half  in  front  of  the 
occipital  pole,  and  is  produced  by  a  vertical  fold  or  wrinkle  of  the  dura  mater  on  the  deep  aspect 
of  the  parieto-mastoid  suture,  and  immediately  above  the  highest  part  of  the  lateral  bloocl-sinus. 

There  is  great  variability  in  the  degree  to  which  this  Ibid  of  dura  mater  projects  in  different 
individuals.  In  the  child  it  is  always  very  salient,  and  often  produces  a  deep  cleft  in  the  brain, 
but  as  the  full  size  of  the  cranium  is  gradually  attained  it  becomes  much  less  projecting.  In  the 
young  skull  two  or  tliree  such  folds  in  this  locality  are  usually  apparent.  Eelated  to  the  prse- 
occipital  notch  there  are  likeAvise  some  cerebral  veins  which  turn  round  the  infero-lateral  margin 
of  the  hemisphere  to  join  the  lateral  blood-sinus. 

On  the  mesial  surface  of  the  hemisphere  the  parietal  lobe  is  represented  by 
the  prsecuneus  or  ctuadrate  lobule.  This  district,  which  is  somewhat  quadrilateral  in 
form,  lies  between  the  upturned  end  of  the  calloso-marginal  sulcus  and  the  internal 
parieto-occipital  fissure.  It  is  imperfectly  separated  below  from  the  limbic  lobe  by 
a  somewhat  variable  furrow  called  the  post-limbic  sulcus. 

The  gyri  and  sulci,  on  the  outer  surface  of  the  parietal  lobe,  are  the  following  : — 


Sulc 


Sulcus  intrapari- 
etalis  (of  Tur- 
ner). 


'Sulcus  post  centralis 

inferior. 
Sulcus  postcentralis 

superior. 
Eamus  horizontalis. 
,  Ramus  occipitalis. 
Upturned  ends  of — 
(re)  Sylvian  fissure. 
(6)  Parallel  fissure, 
(c)  Second  tempo- 
ral fissure. 


/Gyrus   ascendens   parietalis    or  gyrus 

postcentralis. 
Gyrus  joarietalis  superior. 


Gyri 


Gyrus  parietalis  inferior  . 


Gyrus  su^n-a- 
marginalis. 
Gyrus  angul- 

aris. 
Gyrus  post- 
parietalis. 


The  intraparietal  sulcus  (of  Turner)  is  a  composite  furrow,  and  is  built  up 
of  four  originally  distinct  factors.  Two  of  these,  termed  the  sulcus  postcentraHs 
inferior  and  the  sulcus  postcentralis  superior,  take  a  more  or  less  oblique  course 
across  the  hemisphere,  and  are  most  frequently  united  into  one  continuous  fissure. 
The  other  two  factors  are  placed  horizontally,  one  behind  the  other,  and  are  termed 
the  ramus  horizontalis  and  the  ramus  occipitalis. 

The  sulcus  postcentralis  inferior  lies  behind  the  lower  part  of  the  fissure  of 
Eolando,  whilst  the  sulcus  postcentralis  superior  occupies  a  similar  position  in 
relation  to  the  upper  part  of  that  fissure.  When  confluent  they  form  a  long,  con- 
tinuous fissure,  which  stretches  across  the  hemisphere  behind  the  fissure  of  Eolando 
and  parallel  to  it. 

The  ramus  horizontalis  is  continuous,  as  a  rule,  with  the  upper  end  of  the  sulcus 
postcentralis  inferior,  and  extends  backwards,  with  a  slight  inclination  upwards 
between  the  superior  parietal  gyrus,  which  lies  above  it,  and  the  inferior  parietal 
gyrus,  which  is  placed  below  it.  With  the  two  confluent  postcentral  sulci  it 
presents  a  figure  like  the  letter  H  placed  on  its  side. 

The  ramus  occipitalis  is  a  curved  sulcus  which  bounds  externally  the  arcus 
parieto-occipitalis,  or,  in  other  words,  the  arching  convolution  which  surrounds  the 
external  parieto-occipital  fissure.  The  ramus  occipitalis  lies  behind  the  ramus 
horizontalis,  and  is  generally  Hnked  on  to  it ;  less  frequently  it  is  separate.  The 
posterior  end  of  the  ramus  occipitalis  enters  the  occipital  lobe,  and,  behind  the  arcus 
parieto-occipitalis,  bifurcates  into  two  widely-spread-out  branches.  These  form  a 
short  transverse  fissure  in  the  occipital  lobe,  termed  the  sulcus  occipitalis  transversus. 
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In  the  human  brain  the  intraparietal  sulcus  is  usually  developed  in  four  separate  pieces, 
corresponding  to  the  four  portions  of  the  fissure  which  have  been  described  as  being  present  in 
the  adult  Ijrain.  The  sulcus  postcentralis  inferior  appears  first  (somewhere  about  the  end  of  the 
sixth  month),  then  the  ramus  occipitalis  and  the  ramus  horizontalis  ;  last  of  all  the  sulcus  post- 
centralis superior  comes  into  view.  Tlie  further  development  of  the  sulcus  consists  in  the 
running  together  of  these  early  pieces.  Tliis  takes  place  in  different  ways,  and  not  infrequently 
union  fails  at  one  or  more  points,  and  thus  a  great  variety  of  combinations  may  be  noted 
in  different  individuals ;  indeed,  it  may  be  said  that  every  possible  kind  of  combination  may  be 
met  with.  The  most  common  form  which  the  fissure  assumes,  however,  is  that  in  which  all  its 
factors  have  become  confluent  and  one  continuous  furrow  re>sults.  When  sucli  an  intraparietal 
furrow  is  widely  opened  uj),  certain  deep  annectant  gyri,  which  cross  the  bottom  of  the  sulcus. 


Termination  of  Sylvian  fissure 


Fig.  388. — The  Intraparietal  Sulcus  fully  openkd  up,  so  as  to  show  its  several  parts  and  the 
deep  anuectant  gyri  intervening  between  tliem. 
p'.  Sulcus  postcentralis  inferior.  p'*.  Ramus  horizontalis. 

p'^.  Sulcus  postcentralis  superior.  p''.  Ramus  occipitalis. 

come  into  view.  These  interrupt  the  sulcus  at  the  points  of  union  between  its  several  pieces  and 
indicate  its  original  multiple  formation. 

There  is  reason  to  believe  that  three  of  the  elements  of  the  human  intraparietal  sulcus,  viz. 
the  sulcus  postcentralis  inferior,  the  ramus  horizontalis,  and  tlie  ramus  occipitalis,  are  disnipted 
portions  of  the  primitive  single  continuous  fissure  which  is  seen  in  certain  of  the  lower  apes 
(Cebus),  whilst  one,  the  sulcus  postcentralis  superior,  is  a  superadded  element. 

There  is  a  strong  analogy  between  the  postcentral  sulcus,  the  fissure  of  Rolando,  and  the 
prascentral  sulcus.  They  form  a  group  of  raclial  sulci  on  the  outer  surface  of  the  fcetal  cerebrum 
above  the  Sylvian  region.  The  fissure  of  Rolando  makes  its  appearance  first,  then  the  praecentral 
sulcus,  and,  lastly,  the  postcentral  sulcus.  Each  assumes  shape  in  the  first  instance  in  two  pieces, 
viz.  an  upper  and  lower.  The  two  pieces  of  the  fissure  of  Rolando  join  early,  and  only  in  very 
rare  instances  remain  separate  ;  the  two  pieces  of  the  postcentral  furrow  usually  join,  but  in  19 
per  cent  of  cerebral  hemispheres  they  remain  separate ;  the  two  pieces  of  the  priBcentral  furrow, 
as  a  rule,  remain  separate  and  distinct. 

Tlie  sulcus  transversus  occipitalis,  or  bifurcated  extremity  of  the  ramus  occipitalis,  is  very 
generally  believed  to  l)e  the  representative  in  the  human  brain  of  the  conspicuous  "  Affenspalte  " 
in  the  cerebrum  of  the  ape.  It  is  very  doubtful  if  this  is  the  case  ;  and  it  is  also  doubtful  if 
there  is,  as  a  rule,  in  the  adult  human  brain  any  representative  of  this  simian  fissure.  The 
"  Affenspalte  "  is  a  complete  fissure,  and  every  observer  is  agreed  that  in  the  human  fcetal  brain 
its  equivalent  is  a  deep  infolding  of  the  hemisphere  wall  which  takes  place  in  this  locality,  and 
which  receives  the  name  of  the  fissura  perpendicularis  externa.  In  the  course  of  develojjment 
this  fcetal  fissure  disappears ;  it  is  a  transitory  fissure  and  becomes  completely  wiped  out  from 
the  hemisphere  surface.  The  only  connexion  which  exists  between  it  and  the  sulcus  occipitalis 
transversus  consists  in  the  fact  that  the  latter,  at  a  later  period,  becomes  developed  on  the  ground 
occupied  by  the  transitory  fissura  pei-pendicularis  externa. 

The  upturned  ends  of  the  fissure  of  Sylvius,  of  the  first  temporal  or  parallel 
sulcus,  and  of  the  second  temporal  sulcus  ascend  for  a  short  distance,  one  behind 
the  other,  into  the  inferior  parietal  gyrus. 

The  intraparietal  sulcus  maps  out  three  districts  or  gyri  on  the  external  surface 
of  the  parietal  lobe,  viz.  the  ascending  parietal  convolution,  the  superior  parietal 
gyrus,  and  the  inferior  parietal  gyrus. 

The  posterior  central  convolution  (ascending  parietal  convolution)  is  a  long  gyrus 
which  extends  obliquely  across  the  hemisphere  from  the  supero-mesial  border  above 
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to  the  Sylvian  fissure  below.  It  is  bounded  in  front  by  the  fissure  of  Eolando  and 
behind  by  t)ie  superior  and  inferior  postcentral  sulci. 

The  superior  parietal  gyrus  is  the  area  of  cerebral  cortex  which  lies  between  the 
supero-mesial  border  of  the  hemisphere  above  and  the  ramus  horizontalis  below.  In 
front  it  is  bounded  by  the  superior  postcentral  sulcus,  whilst  behind  it  is  connected 
with  the  occipital  lobe  by  the  arcus  parieto-occipitalis.  It  is  continuous  round  the 
supero-mesial  border  with  the  prtecuneus. 

The  inferior  parietal  gyrus  lies  below  the  ramus  horizontalis  and  the  ramus  occi- 
pitalis and  behind  the  inferior  praecentral  sulcus.  It  is  more  or  less  directly  con- 
tinuous with  the  occipital  lobe  behind  and  the  temporal  lobe  below.  From  before 
backwards  it  presents  three  arching  convolutions,  viz.  the  supra-marginal,  the 
angular,  and  the  postparietal.  The  supramarginal  convolution  is  bent  round  the 
upturned  end  of  the  posterior  limb  of  the  Sylvian  fissure,  and  stands  in  continuity 
behind  and  below  this,  with  the  first  temporal  gyrus.  The  angular  convolution 
arches  over  the  upturned  end  of  the  parallel  sulcus  and  becomes  continuous  with 
the  second  temporal  convolution.  The  postparietal  convolution  winds  round  the 
upturned  end  of  the  second  temporal  sulcus  and  runs  into  the  third  temporal  gyrus. 

Occipital  Lobe. — The  occipital  lobe  forms  the  hinder  pyramidal  part  of  the 
cerebral  hemisphere ;  and  although  very  imperfectly  mapped  off  from  the  temporal 
and  parietal  lobes,  which  lie  in  front  of  it,  it  is  nevertheless  one  of  the  most  natural 
subdivisions  of  the  cerebral  hemisphere.  It  is  not  developed  in  the  brain  of  the 
quadruped.  Man  and  the  ape  alone  possess  a  well-marked  occipital  lobe,  and  it 
may  be  defined  as  being  that  part  of  the  hemisphere  which  encloses  the  posterior 
horn  of  the  lateral  ventricle.  Being  pyramidal  in  form,  it  presents  three  surfaces 
and  an  apex  or  occipital  pole.  On  the  mesial  aspect  of  the  hemisphere  it  is 
separated  from  the  parietal  lobe  (i.e.  the  prsecuneus)  by  the  internal  parieto-occi- 
pital  fissure.  On  the  tentorial  or  inferior  surface  it  is  not  marked  off  in  any  way 
from  the  temporal  lobe  and  the  limbic  lobe,  which  lie  in  front  of  it.  It  is  necessary, 
therefore,  on  this  aspect  to  employ  an  arbitrary  line  of  demarcation  ;  one  which 
extends  from  the  praeoccipital  notch  on  the  infero-lateral  border  of  the  hemisphere 
to  the  isthmus  of  the  limbic  lobe  (i.e.  the  narrow  part  of  the  limbic  lobe  immedi- 
ately below  the  hinder  end  of  the  corpus  callosum)  will  serve  the  purpose.  On  the 
external  surface  the  external  parieto-occipital  fissure,  and  an  arbitrary  line  from 
this  to  the  prajoccipital  notch,  may  be  regarded  as  separating  the  occipital  from  the 
parietal  and  temporal  lobes.  The  upturned  end  of  the  second  temporal  sulcus  may 
lie  in  the  course  of  this  line. 

In  the  ape,  in  which  the  occipital  lobe  is  better  marked  than  in  man,  there  is  a  very  definite 
boundary  on  both  the  mesial  (internal  parieto-occipital  fissure)  and  the  external  aspect  of  the 
hemisphere  ("  Aft'enspalte  ") ;  and  in  the  liuman  foetus  there  is,  in  most  cases,  a  fissural  infolding 
on  eacli  of  the  three  aspects  of  the  hemisphere  marking  off  the  occijaital  lobe  in  the  most  definite 
manner.  The  internal  infolding  is  retained  as  the  internal  jJarieto-occipital  fissure  ;  tlie  external 
infolding,  or  the  fissura  perpendicularis  externa,  is  the  representative  of  the  "  Att'enspalte  "  of  the 
ape,  and  it  gradually  disappears  from  the  surface  of  the  brain ;  the  inferior  infolding,  whicli  is 
connected  with  the  mid-collateral  fissure,  is  also  to  some  extent  transitory. 

On  the  mesial  aspect  of  the  occipital  lobe  we  find:  (1)  the  calcarine  fissure, 
(2)  the  cuneus,  and  (3)  the  gyrus  lingualis. 

The  calcarine  fissure  begins  on  the  occipital  pole  by  a  bifurcated  extremity, 
which  lies  in  the  groove  which  is  formed  on  this  part  of  the  brain  by  the  lateral 
sinus.  From  this  it  pursues  a  slightly  arched  course  forwards,  and  ends  by  cutting 
into  the  limbic  lobe  immediately  below  the  splenium  or  thickened  hinder  margin  of 
the  corpus  callosum.  The  calcarine  fissure  is  joined  by  the  internal  parieto-occipital 
fissure  at  a  point  somewhat  nearer  its  anterior  than  its  posterior  extremity. 
Together,  the  two  fissures  present  a  -<- shaped  figure.  Between  the  two  limbs  of 
the  Y  is  placed  the  cuneus. 

If  the  calcarine  and  internal  parieto-occipital  fissures  are  opened  up  so  as  to  expose  the 
bottom  in  each  case,  three  well-marked  deep  or  submerged  annectant  gyri  will  usually  be  dis- 
played. One  of  these,  the  best  marked,  called  the  gyrus  cunei,  marks  ofi"  the  parieto-occipital  from 
the  calcarine  fissure  and  joins  the  cuneus  with  the  limbic  lobe.  In  the  chimpanzee  and  in  the 
lower  apes  the  gyrus  cunei  is  on  the  surface,  and  there  is  no  communication  between  the  two 
fissures ;  in  the  orang,  gibbon,  and  microcephalic  idiot,  it  may  either  be  submerged  or  on  the 
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sui'lace.  The  second  deep  annectant  gyrus,  termed  the  anterior  cuneo-lingual,  crosses  the  bottom 
of  the  calcarine  fissure  a  short  distance  behind  the  jjoint  where  it  is  joined  by  the  parieto-occi- 
pital  fissure,  and  divides  it  into  an  anterior  and  a  posterior  part.  The  anterior  calcarine  fissure  is 
slightly  longer  and  mucli  deeper  than  the  posterior  part.    It  includes  the  whole  of  the  stem  of 


Fiti.  389. — Lnteunal  Pahieto-occu'ital  and  the  Cai.i  ahi.ne  i''i,s.srKii.s  kuli.y  oi'ENEd  ur,  so  as  to  sLow  the 
deep  aimeotant  gyri  marking  off  the  several  elements  of  the  ■<-shaped  system. 

the  Y-shajied  fissural  arrangement  and  e.\tends  backwards  for  a  short  distance  into  tlie  euneus. 
It  is  the  conijilete  part  of  tlui  fissure  and  gives  rise  to  an  elevation  on  the  inner  wall  of  the 
posterior  horn  of  tlie  latei-al  ventricle,  to  which  tlie  name  of  calcar  avis  or  hippocampus  minor  is 
given.  The  posterior  calcarine  fissure  is  shallower  and  is  usually  interrupted  liy  the  third  deep 
annectant  gyrus,  viz.  the  posterior  cuneo-lingual;  this  divides  it  into  two  parts,  of  whicli  the 


Fic.  390. — Development  of  the  PAKiETo-occiPiTAr.  ano  the  Calcakixe  Fissuues. 

A,  Mesial  aspect  of  a  left  cerebral  hemisphere  of  a  foetus  approaching  the  end  of  the  fifth  mouth  of  develop- 
ment ;  B,  Mesial  aspect  of  a  right  cerebral  henusphere  of  a  foetus  in  the  beginning  of  the  seventh 
month  of  development. 
S.L.  Septum  liicidum.  c'.    Anterior  calcarine  fissure, 

f.     Fornix.  c''.  ) 


U.    Uncus.  . 

g.d.  Gyrus  dentatus. 

p.o.  Parieto-occipital  fissure. 


■  Two  parts  of  posterior  calcarine  fissure. 


c.a.  Anterior  collateral  fissure, 
cm.  Mid-collateral  fissure. 


hinder  is  little  more  than  the  bifurcated  extremity  of  tlie  fissure.  Very  frequently  this  dee]) 
gyrus  reaches  tlie  surface,  and  then  the  hinder  end  of  the  sulcus  is  completely  cut  oft'.  The 
posterior  calcarine  fissure  is  not  a  comjjlete  fissure. 

When  the  manner  in  which  the  calcarine  fissure  is  developed  is  studied,  the  various  ajipear- 
ances  ■which  come  into  view  when  the  bottom  of  the  adult  fissure  is  inspected  receive  tlie  fullest 
explanation.    Tlie  anterior  calcarine  fissure  is  formed  very  early  as  an  infolding  of  the  wall  of 
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the  cerebral  fissure.  It  is  apparently  the  only  part  which  is  developed  in  the  ape,  and  often  also 
it  is  the  only  part  which  is  present  in  the  brain  of  the  microcephalic  idiot.  It  is  not  uncommon, 
in  the  normal  cerebrum,  to  find  that  it  presents  an  ape-like  form  and  is  completely  cut  off  from 
the  posterior  part  of  the  fissure.  The  posterior  calcarine  fissure  is  a  secondary  formation.  It 
appears  much  later,  and  usually  in  two  pieces,  which  run  together  and  then  join  the  anterior 
calcarine  fissure.  The  points  of  union  are  indicated  in  the  adult  by  tlie  two  cuneo-lingual  deep 
gyri.  The  posterior  calcarine  fissure  is  a  purely  human  characteristic  ;  it  is  not  found  in  any 
ape,  and  is  usually  absent  also  in  tlie  more  intense  forms  of  microcephalic  idiocy. 

The  cuneus  is  the  wedge-shaped  or  triangtilar  district,  on  the  mesial  aspect  of 
the  occipital  lobe,  which  lies  between  the  internal  parieto-occipital  and  calcarine 
fissures. 

The  gyrus  lingualis  is  a  well-roarked  convolution  between  the  calcarine  fissure 
above  and  the  posterior  part  of  the  collateral  fissure  Ijelow,  which  stretches 
forwards  from  the  occipital  pole.  Anteriorly,  it  becomes  very  narrow  and  joins  the 
hippocampal  part  of  the  limbic  lobe.  It  lies  partly  on  the  mesial  surface  and 
partly  on  the  tentorial  surface  of  the  occipital  lobe. 

On  the  tentorial  surface  of  the  occipital  lohe  there  is  only  one  convolution, 
viz.  the  posterior  part  of  the  occipito-temporal  gyrus.  It  proceeds  continuously 
forwards  into  the  temporal  lobe  on  the  outer  side  of  the  collateral  fissure,  and  is 
bounded  externally  by  the  occipito-temporal  sulcus,  a  furrow  whicli  is  rarely  con- 
tinuous, but  is  usually  represented  liy  a  series  of  detached  pieces. 

There  are  two  well-marked  sulci  on  the  external  surface  of  tlie  occipital  lohe, 

the  sulcus  occipitalis  transversus  and  the  sulcus  occipitalis  lateralis.  The  sulcus 
occipitalis  transversus  extends  transversely  across  the  upper  part  of  the  lobe,  behind 
the  arcus  parieto-occipitalis.  As  already  explained,  it  is  the  terminal  bifurcation  of 
the  ramus  occipitalis  of  tlie  iutraparietal  sulcus.  The  sulcus  occipitalis  lateralis  is  a 
short  horizontal  furrow,  which  divides  the  outer  surface  of  the  lobe  into  an  upper 
and  a  lower  area  of  very  nearly  equal  extent.  These  areas  are  connected  by  super- 
ficial annectant  gyri  with  the  parietal  and  temporal  lobes. 

Temporal  Lobe. — The  temporal  lobe  lies  behind  the  stem  and  below  the 
posterior  horizontal  limb  of  the  Sylvian  fissure.  It  is  somewhat  pyramidal  in  form, 
and  presents  an  upper,  an  outer,  and  a  tentorial  surface,  with  a  free  projecting  apex 
or  pole.  Above,  it  is  bounded  by  the  posterior  horizontal  limb  of  the  fissure  of 
Sylvius,  together  with  the  artificial  line  which  is  drawn  backwards  from  this.  On 
the  tentorial  face  it  is  separated  from  the  hippocampal  part  of  the  limbic  lobe  by 
the  collateral  fissure,  whilst  behind  it  is  marked  off  from  the  occipital  lobe  by  the 
artificial  lines  already  described.  The  temporal  pole  projects  forwards  on  the  under 
surface  of  the  brain  beyond  the  stem  of  the  Sylvian  fissure.  It  should  be  noticed 
that  the  recurved  end  of  the  hippocampal  part  of  the  limbic  lobe  (uncus),  which  lies 
to  the  inner  side  of  the  temporal  pole,  does  not  extend  so  far  forwards  as  the  latter, 
and  is  separated  from  the  pole  by  the  incisura  temporalis.  This  sulcus  may  be 
regarded  as  the  connecting  link  between  the  anterior  end  of  tlie  collateral  fissure 
and  the  inferior  limiting  sulcus  of  Eeil.  The  importance  of  tliis  connexion  is 
evident  when  we  recollect  that,  strictly  speaking,  the  inferior  limiting  sulcus  of 
Reil  is  the  true  upper  limit  of  the  temporal  lobe. 

The  upper  or  opercular  surface  of  the  temporal  lohe  is  turned  towards  the 
island  of  Eeil  and  the  fronto-parietal  operculum.  The  fissure  of  Sylvius  must, 
therefore,  be  widely  opened  up  to  expose  it.  For  the  most  part  the  surface  is 
smooth,  but  towards  the  back  part  there  are  a  few  transverse  furrows,  which 
separate  two  or  three  weakly-expressed  gyri. 

The  anterior  transverse  gyrus  is  much  more  strongly  expressed  in  the  foetal  than  in  the  adult 
brain.  It  appears  in  the  early  part  of  the  seventh  month,  and  is  only  subsequently  completely 
hidden  within  the  Sylvian  fissure.  The  fact  of  the  auditory  centre  being  localised  in  this  region 
of  the  temporal  lobe  makes  this  fact  of  interest. 

On  the  deep  surface  of  the  temporal  pole  there  are  also  a  few  feeble  furrows. 

On  the  outer  suoface  of  the  temporal  lohe  there  are  two  horizontal  sulci, 
called  respectively  the  first  temporal  or  parallel  and  the  second  temporal  sulcus. 

The  parallel  sulcus  is  a  long,  continuous,  and  deep  fissure,  which  l)egins  near  the 
temporal  pole  and  proceeds  backwards  below  the  posterior  limb  of  the  Sylvian 
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fissure.  Its  hinder  end  turns  upwards  into  the  parietal  lobe  and  is  surrounded  by 
the  angular  gyrus.  The  second  temporal  sulcus  is  placed  midway  between  the 
parallel  sulcus  and  the  infero-lateral  border  of  the  hemisphere.  It  is  very  rare  to 
find  it  in  the  form  of  a  continuous  cleft ;  usually  it  is  broken  up  into  several  isolated 
pieces,  one  behind  the  other.  Its  hinder  part,  which  turns  upwards  into  the  parietal 
lobe,  lies  close  to  the  artificial  line  of  demarcation  between  the  occipital  and  parietal 
lobes,  and  is  surrounded  by  the  postparietal  gyrus. 

By  the  two  temporal  sulci  the  outer  surface  of  the  temporal  lobe  is  mapped  out 
into  three  tiers  of  horizontal  convolutions,  which  are  termed  the  first,  second,  and 
third  temporal  gyri. 

On  the  tentorial  surface  of  the  tev^wral  lobe  there  is  one  fissure,  termed  the 
occipito-temporal  sulcus.  The  occipito-temporal  sulcus  lies  to  the  outer  side  of  the 
collateral  fissure  and  close  to  the  infero-lateral  margin  of  the  hemisphei'e.  It  runs 
in  an  antero-postei'ior  direction,  and  is  not  confined  to  the  temporal  lobe,  but 
extends  backwards  towards  the  occipital  pole.  It  is  usually  broken  up  into  two 
or  more  separate  pieces. 

The  occipito-temporal  convolution  is  situated  between  the  collateral  fissure  and 
the  occipito-temporal  sulcus.  It  extends  from  the  occipital  pole  behind  to  the 
temporal  pole  in  front. 

The  narrow  strip  of  surface  on  the  outer  side  of  the  occipito-temporal  sulcus  is 
continuous,  round  the  infero-lateral  margin  of  the  hemisphere,  with  the  third 
temporal  convolution  on  the  outer  surface  of  the  cerebrum,  and  may  be  reckoned  as 
a  part  of  it. 

The  thi'ee  temporal  convolutions  and  the  occipito-temporal  convolutions  run 
into  each  other  at  the  temporal  pole. 

Island  of  Reil  or  Insula. — The  insula  is  a  triangular  and  somewhat  bulging 
field  of  cerebral  cortex,  which  lies  on  a  deeper  plane  than  the  general  surface  of  the 
hemisphere  and  is  hidden  from  view  by  the  four  opercula  which  overlap  it.  It  is 
circumscribed  by  a  Hmiting  sulcus  (sulcus  circularis),  already  described,  and  its 
dependent  apical  part,  which  is  directed  downwards,  is  in  close  relation  to  the 
anterior  perforated  spot  and  the  Sylvian  vallecula.  Here  the  limiting  sulcus  is 
absent  and  the  gray  matter  on  the  surface  of  the  insula  passes  continuously  into 
the  anterior  perforated  spot.    The  place  of  transition  is  called  the  limen  insulae. 

The  insula  is  divided  into  several  diverging  convolutions  by  a  series  of  radiating 
sulci.  Of  the  latter,  one,  which  presents  the  same  direction  and  lies  in  the  same 
plane  as  the  fissure  of  Rolando,  receives  the  name  of  the  sulcus  centralis  insulae 
(Fig.  382,  C,  p.  515).  It  divides  the  insula  into  an  anterior /?'0%to/  part  and  a 
posterior  parieto -limbic  part. 

Limbic  Lobe. — This  lobe  is  seen  on  the  mesial  surface  of  the  hemisphere  in  the 
form  of  an  elongated  ring-like  convolution,  the  extremities  of  which  approach 
closely  to  each  other  at  the  locus  perforatus  anticus.  These  extremities  are  con- 
nected by  the  roots  of  the  olfactory,  tract,  and  in  this  manner  the  limbic  ring  may 
be  considered  to  be  closed.  The  upper  part  of  the  limbic  lobe  is  placed  in  intimate 
relation  to  the  extremities  and  upper  surface  of  the  corpus  callosum,  and  receives 
the  name  of  callosal  convolution  or  gyrus  fornicatus.  The  lower  portion  of  the 
lobe  is  termed  the  hippocampal  convolution  and  forms  the  inner  part  of  the 
tentorial  surface  of  the  hemisphere.  The  continuity  between  the  hippocampal 
gyrus  and  the  callosal  convolution  is  established  below  the  hinder  end  of  the  corpus 
callosum  by  a  narrow  portion  of  the  limbic  lobe,  called  the  isthmus.  From  this 
point  the  hippocampal  convolution  extends  forwards  towards  the  temporal  pole. 
Finally,  on  the  side  of  the  crus  cerebri,  the  hippocampal  gyrus  is  folded  back  on 
itself  and  ends  in  a  recurved  hook-like  extremity,  called  the  uncus.  The  imcus  does 
not  reach  so  far  forwards  as  the  temporal  pole. 

The  callosal  convolution  begins  below  the  anterior  end  of  the  corpus  callosum  at 
the  locus  perforatus  anticus,  and,  winding  round  the  genu  of  the  corpus  callosum,  it 
is  continued  backwards  on  its  upper  surface  to  its  hinder  thickened  extremity  or 
splenium.  Curving  round  this,  it  becomes  greatly  narrowed  through  the  calearine 
fissure  cutting  into  it.  This  narrow  part  is  termed  the  isthmus,  and  constitutes  the 
link  of  connexion  between  the  callosal  gyrus  and  the  hippocampal  gyrus.  The 
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callosal  gyrus  is  separated  from  the  marginal  convolution  by  the  calloso-marginal 
fissure,  and  behind  this  it  is  imperfectly  marked  off  from  the  praecuneus  by  the 
post-limbic  sulcus.  The  furrow  which  separates  it  from  the  corpus  callosum  is 
termed  the  callosal  sulcus. 

The  hippocampal  convolution  is  bounded  on  the  outer  side  by  the  anterior  part 
of  the  collateral  fissure,  and  in  front  of  this  by  the  incisura  temporalis,  which 
separates  its  hooked  extremity,  or  uncus,  from  the  temporal  pole.  On  the  inner  side 
it  is  limited  by  the  hippocampal  or  dentate ,  fissure,  whilst  posteriorly  it  is  divided 
into  two  parts  by  the  anterior  extremity  of  the  calcarine  fissure.  Of  these,  the 
upper  is  the  isthmus,  which  connects  it  with  the  callosal  gyrus,  whilst  the  lower 
portion  brings  it  into  continuity  with  the  gyrus  lingualis.  The  surface  of  the 
hippocampal  convolution  is  covered  by  a  white  reticular  stratum  of  fibres,  termed 
the  substantia  reticularis  alba. 

Gyrus  Dentatus  and  the  Fimbria. — If  the  dentate  fissure,  which  lies  along 
the  inner  side  of  the  hippocampal  convolution,  be  opened  up,  the  gyrus  dentatus 
and  the  fimbria,  lying  side  by  side,  will  be  brought  into  view  (Fig.  386,  p.  518). 

The  fimbria  is  simply  a  portion  of  the  posterior  pillar  of  the  fornix  prolonged 
into  this  region.  It  is  a  conspicuous  band  of  white  matter,  which  presents  a 
prominent  free  border.  In  front  it  runs  into  the  recurved  extremity  of  the  uncus, 
whilst,  if  traced  backwards,  it  will  be  seen  to  curve  upwards  behind  the  posterior 
end  of  the  optic  thalamus  and  become  continuous  with  the  posterior  pillar  of  the 
fornix  below  the  hinder  part  of  the  corpus  callosum. 


Caudate  nucleus — ' 


Choroid  plexus  in  lateral 
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"^^Corpus  callosum 


Fornix 


Thalamus  (pulvinar) 
Occipital  corticifiigal  tract  to 
superior  quadrigeiiiinal  body 
Superior  quadrigeminal  body 
Corpus  geniculatum  externum 
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Superior  cerebellar  peduncle 
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Fig.  391. — Coronal  Section  throogh  the  Left  Side  ok  the  Cerebrum,  Mesencephalon,  and  Pons, 
IN  THE  Region  of  the  Pulvinar  of  the  Thalamus  and  the  Corpora  Geniculata  (Chimpanzee  ; 
Weigert-Pal  specimen). 

The  gyrus  dentatus  is  the  free  edge  of  gray  matter  wliich  is  placed  between  the 
fimbria  and  the  deep  part  of  the  upper  surface  of  the  hippocampal  convolution. 
The  groove  between  it  and  the  fimbria  is  termed  the  fimbrio-dentate  sulcus,  whilst 
the  furrow  between  it  and  the  hippocampal  convolution  forms  the  bottom  of  the 
dentate  fissure.  The  dentate  gyrus  is  notched  along  the  margin,  whilst  its  surface 
is  scored  by  numerous  parallel  and  closely-placed  transverse  grooves.  It  begins 
behind  in  the  region  of  the  splenium  or  thickened  posterior  margin  of  the  corpus 
callosum,  and  is  carried  forwards  into  the  cleft  of  the  uncus.    From  this  it  emerges 


528 


THE  NEEVOUS  SYSTEM. 


in  the  form  of  a  delicate  baud,  which  crosses  the  surface  of  the  recurved  part  of  the 
uncus  in  a  transverse  direction,  thereby  constituting  the  frenulum  Giacomini. 

The  dentate  fissure  is  a  complete  fissure,  and  the  elevation  on  the  ventricular 
wall  which  corresponds  to  it  is  called  the  hippocampus  major.  It  begins  behind 
the  splenium  of  the  corpus  callosum,  where  it  is  continuous  with  a  shallow  part  of 
the  callosal  fissure,  and  it  proceeds  forwards  between  the  gyrus  dentatus  and  the 
hippocampal  convolution.    Its  anterior  end  is  enclosed  within  the  uncus. 

When  coronal  section.s  are  made  through  the  callosal  part  of  the  limbic  lobe  and  the  subjacent 
corpus  callosum,  the  cortical  gray  matter  is  seen  to  be  reflected  from  the  bottom  of  the  callosal 
fi-ssiu-e  in  the  form  of  an  exceedingly  fine  layei',  which  forms  a  thin  coating  for  the  upper  surface 
of  the  corpus  callosum.  In  the  midst  of  this  certain  delicate  strands  f)f  longitudinal  filjres,  the 
striae  longitudinales,  are  embedded,  and,  with  the  gray  matter  associated  with  them,  they  re- 
present an  aborted  or  vestigial  convolution,  termed  the  gyrus  supracallosus.  This  gyrus  is  con- 
tinuous with  the  gyrus  dentatus  round  the  hinder  margin  of  the  corjjus  callosum. 

Olfactory  Lobe. — The  olfactory  lobe  is  small  and  rudimentary  in  the  human 
brain.  It  is  described  l>y  His  as  consisting  of  a  posterior  lobule,  which  ma}'  be  said 
to  correspond  with  that  part  of  the  hemisphere  which  is  named  the  locus  perforatus 
anticus,  and  an  anterior  lobule,  composed  of:  (1)  the  olfactory  bulb  and  tract,  with 
the  two  roots  of  the  latter  ;  (2)  the  trigonum  olfactorium  ;  and  (3)  the  area  of  Broca. 

The  olfactory  tract  is  a  narrow,  white,  prismatic  band,  which  expands  anteriorly 
into  a  swollen  bulbous  extremity,  termed  the  olfactory  bulb.  Both  the  tract  and 
the  bulb  lie  upon  the  olfactory  sulcus  on  the  orbital  surface  of  the  frontal  lobe, 
whilst  the  inferior  surface  of  the  bulb  rests  on  the  cribriform  plate  of  the  ethmoid 
bone,  and  receives  the  numerous  olfactory  nerves  which  reach  it  through  the  foramina 
in  that  part  of  the  cranial  floor. 

Posteriorly,  the  olfactory  tract  divides  into  two  diverging  roots.  The  mesial 
root  curves  al)ruptly  inwards  behind  the  area  of  Broca,  into  whicli  some  of  its 
fibres  pass,  and  is  continued  into  the  extremity  of  the  callosal  gyrus.  ThQ  lateral 
root  runs  backwards  and  outwards  over  the  outer  part  of  the  locus  perforatus  anticils, 
and  gradually  disappears  from  view.  In  animals,  in  which  the  olfactory  apparatus 
is  better  developed  than  in  man,  it  may  be  traced  into  the  uncinate  extremity  of 
the  hippocampal  convolution  (Fig.  325,  p.  439). 

The  trigonum  olfactorium  or  olfactory  tubercle  is  the  small  triangular  field  of 
gray  matter  which  occupies  the  interval  between  the  roots  of  the  olfactory  tract 
at  the  point  where  they  begin  to  diverge.  Some  fibres  from  the  posterior  end  of 
the  olfactory  tract  enter  the  trigonum,  and,  in  certain  cases,  these  constitute  a 
more  or  less  distinct  middle  root. 

The  area  of  Broca  lies  in  front  of  the  curved  mesial  root  of  the  olfactory  tract, 
and  is  continuous  witli  the  commencement  of  the  callosal  gyrus. 

Rhinencephalon  and  Pallium. — The  cerebral  hemisjjhere  is  composed  of  two  naturally  dis- 
tinct parts — the  rhinencephalon  and  the  pallium — in  addition  to  the  corpus  striatiun.  The 
rhinencephalon  consists  of  the  olfactory  bulb  and  its  peduncle,  together  with  the  anterior  perforated 
space  and  anterior  part  of  the  uncinate  gyrus,  the  gyrus  subcallosus,  septum  lucidum,  and  hi])po- 
cami)us  with  its  ndnexa.  The  pallium  includes  the  rest  of  the  hemisphere,  exclusive  of  the  corpus 
striatum  (Elliot  Smith). 

There  can  be  little  doubt  that  the  gyrus  supracallosus  represents  a  wasted  portion  of  the 
hippocampus.  In  monotremes  and  marsupials  the  hi^jpocampus  occupies  a  corresponding  position, 
but,  with  the  greater  development  of  the  corjms  callosum  in  higher  mammals,  atrophy  and  stretch- 
ing occur,  and  the  structure  is  reduced  to  a  vestigial  condition  (Elliot  Smith). 

In  their  phylogenetic  evolution  the  rhinencephalon  and  the  palliiuu  apjjear  to  develop  more 
or  less  independently  of  each  other.  In  certain  cases  the  former  atrophies,  whilst  the  pallium 
attains  a  high  degree  of  development  (e.g.  man,  monkey,  whale,  etc.) ;  in  others  the  reverse 
development  occurs  (e.g.  the  hedgehog  and  many  other  animals),  in  which  the  rhinencephalon 
forms  a  large  part  of  the  hemisphere  and  the  pallium  is  relatively  small. 

Corpus  Callosum,  Septum  Lucidum,  and  Fornix. 

Corpus  Callosum.  —  This  is  the  great  transverse  commissure  which  passes 
between  the  two  cerebral  hemispheres.  It  is  placed  nearer  the  anterior  than  the 
posterior  aspect  of  the  brain,  and  it  unites  the  inner  surfaces  of  the  hemispheres 
throughout  very  nearly  a  half  of  their  antero-posterior  length.    The  corpus  callosum 
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is  highly  arched  from  before  backwards,  and  presents  a  convex  upper  surface  and  a 
concave  lower  surface. 

The  upper  surface  of  the  corpus  callosum  forms  the  bottom  of  the  great  longi- 
tudinal fissure,  and  on  each  side  of  this  it  is  covered  by  the  callosal  gyrus.  Only 
in  its  posterior  part  is  it  touched  by  the  falx  cerebri ;  in  front,  this  process  of  dura 
mater  falls  considerably  short  of  it.  The  upper  surface  of  the  callosum  is  covered 
by  a  thin  layer  of  gray  matter  continuous  at  the  bottom  of  the  callosal  sulcus  with 
the  gray  cortex  on  the  surface  of  the  hemisphere.  In  this  there  are  embedded  on 
either  side  of  the  mesial  plane  two  delicate  longitudinal  bands  of  fibres,  called 
respectively  the  stria  longitudinalis  medialis  and  lateralis.  The  stria  longitudinalis 
medialis  is  the  more  strongly  marked  of  the  two,  and  it  is  separated  from  its  neigh- 
bour of  the  opposite  side  by  a  faint  mesial  furrow.    The  stria  longitudinalis  lateralis 
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Fig.  392. — The  Corpus  Callosum,  exposed  from  above  and  the  right  half  dissected, 
to  show  tlie  course  taken  by  its  fibres. 

is  placed  further  out,  under  cover  of  the  callosal  gyrus.  The  thin  coating  of  gray 
matter,  with  the  two  strire,  represent  an  aborted  convolution,  termed  the  gyrus 
supracallosus.  So  thin  is  the  gray  coating  supplied  by  this  gyrus  that  the  trans- 
verse direction  pursued  by  the  callosal  fibres  proper  can  be  easily  perceived 
through  it. 

The  two  extremities  of  the  corpus  callosum  are  much  thickened,  whilst  the 
intermediate  part  or  body  is  considerably  thinner.-  The  massive  posterior  end, 
which  is  full  and  rounded,  lies  over  the  mesencephalon  and  extends  backwards  as 
far  as  the  highest  point  of  the  cerebellum.  It  is  called  the  splenium,  and  it  consists 
of  an  upper  and  a  lower  part.  The  latter  is  bent  forwards  under  the  upper  part,  to 
the  inferior  surface  of  which  it  is  closely  applied.  The  anterior  end  of  the  corpus 
callosum  is  not  quite  so  massive  and  is  folded  downwards  and  backwards  on  itself. 
34 
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It  is  termed  the  genu.  The  recurved  lower  part  of  the  genu  is  separated  from  the 
part  of  the  corpus  callosum,  which  lies  above,  by  an  interval.  It  rapidly  thins  as 
it  passes  backwards  and  receives  the  name  of  the  rostrum.  The  fine  terminal  edge 
of  the  rostrum  becomes  connected  with  the^lamina  cinerea. 

The  gyrus  supraeallo.sus,  with  its  contained  medial  and  lateral  longitudinal  strife,  -when  traced 
backwards,  is  seen  to  turn  round  the  spleninm  and  become  continuous  witli  the  gyrus  dentatus. 
In  front  the  mesial  striit?,  with  the  associated  gray  matter,  are  carried  round  the  genu  and  then 
backwards  on  the  under  surface  of  the  rostrum.  As  they  turn  I'ound  the  genu  they  diverge  from 
each  other,  and  are  termed  the  gyri  geniculi.  Reaching  the  liinder  edge  of  the  rostrum,  eacli 
gyrus  geniculus  runs  into  the  gyrus  subcallosus — a  narrow  cortical  strip  on  the  mesial  surface  of 
tlie  liemisphere,  which  runs  downwards  immediately  in  front  of  the  lamina  cinerea  to  the  locus 
perforatus  anticus.  The  gyrus  siilicallosus  is  often  called  the  peduncle  of  the  cori)us  callosum,  and 
tlie  fibres  of  tlie  stria  which  it  contains  proceed  backwards  and  outwards  along  the  posterior  limit 
of  the  anterior  perforated  spot  to  the  anterior  extrenuty  of  the  temporal  lol)e.  Dr.  Elliot  Smith 
lias  shown  tliat  these  parts  hf\xc  an  important  morphological  significance. 

The  under  surface  of  the  corpus  callosum  on  either  si^e  of  the  mesial  plane  is 
for  the  most  part  free,  and,  lined  by  ependyma,  it  forms  the  roof  of  the  anterior 
horn  and  body  of  the  lateral  ventricle.  In  the  mesial  plane,  however,  it  is  attached 
to  subjacent  parts,  viz.  to  the  septum  lucidum  in  front  and  to  the  body  of  the 
fornix  behind. 

The  transverse  lil)res  of  the  corpus  callosum,  as  they  enter  the  white  medullary 
centre  of  the  cerebral  hemisphere,  radiate  from  each  other  so  as  to  reach  every  part 
of  the  cerebral  cortex.  This  radiation  is  termed  the  radiatio  corporis  callosi  and 
the  fibres  which  compose  it  intersect  the  fibres  which  form  the  corona  radiata,  or,  in 
other  words,  the  fibres  which  extend  between  the  internal  capsule  and  the  cerebral 
cortex  (Figs.  375,  p.  505 ;  and  40.'>,  p.  540).  The  more  anterior  of  the  fibres  which 
compose  the  genu  of  the  corpus  callosum  sweep  forwards  in  a  series  of  curves  into 
the  prefrontal  region  of  the  hemisphere.  A  large  part  of  the  splenium,  forming  a 
soUd  iDundle  termed  the  forceps  major,  bends  suddenly  and  abruptly  backwards 
into  the  occipital  lobe  (Fig.  398,  p.  536).  Fibres  from  the  body  and  upper  part 
of  the  splenium,  curving  round  the  lateral  ventricle,  form  a  very  definite  stratum, 
called  the  tapetum.  This  is  a  thin  layer  in  the  medullary  centre  of  the  hemisphere, 
which  constitutes  the  immediate  roof  and  outer  wall  of  the  posterior  horn  and  the 
outer  wall  of  the  hinder  part  of  the  descending  horn  of  the  lateral  ventricle.  In 
coronal  sections  through  the  occipital  and  hinder  temporal  regions  the  tapetum 
stands  out  very  distinctly  (Figs.  391,  p.  527;  397,  p.  535  ;  and  400,  p.  538). 

Fornix. — The  fornix  is  an  arched  bilateral  structure  composed,  for  the  most 
part,  of  longitudinally-directed  fibres.  In  its  intermediate  part  its  two  lateral 
halves  are  joined  together  in  the  mesial  plane,  and  form  what  is  called  the  body  of 
the  fornix ;  but  in  front  and  behind  they  are  quite  separate,  and  constitute  the 
anterior  and  posterior  pillars  of  the  fornix. 

The  body  of  the  fornix  is  triangular  in  form.  In  front,  wliere  it  is  continuous 
with  the  anterior  pillars,  it  is  narrow ;  whilst  behind  it  broadens  out,  becomes 
flattened,  and  is  finally  prolonged  into  the  posterior  pillars.  The  upper  surface  of 
the  body  of  the  fornix  is  in  contact  with  the  under  surface  of  the  hinder  part  of 
the  body  of  the  corpus  callosum,  and  posteriorly  is  adherent  to  it.    In  front  of  this, 

and  in  the  mesial  plane,  it  is  attached  to  the 
Monro  septum  lucidum.    Beyond  these  attachments,  on 

Anterior  ;/(  V|  ^acli  sidc,  the  uppcr  surface  of  the  Iwdy  of  the 

commissure  J/  "■"""jV^"^'',.,,  fornix  forms  a  part  of  the  floor  of  the  lateral 

Kl)^,^^^  ventricle  and  is  clothed  by  the  lining  ependyma. 

^-^j^^^^j^^"^"^  It  presents  a  sharp  lateral  edge  or  margin,  from 

vmder  which  the  choroid  plexus  projects  into  the 
^  „  cavity  of  the  lateral  ventricle  and  with  which 

rii;.  39.3. — Diagh.vm.matic  Pkofii.k  View    ,i  •,,    i-  i  i  i  •  ,  x-i    i.  i 

OF  THE  Fornix,  the  epithelial  layer  which  covers  tliat  plexus  is 

continuous.  The  lower  surface  of  the  body  of 
the  fornix  rests  upon  the  velum  interpositum,  which  separates  it  from  the  roof  of 
the  third  ventricle  and  the  upper  surface  of  the  optic  thalami.  It  is  not  at  all 
an  uncommon  occurrence  to  find  the  two  lateral  portions  of  the  body  of  the  fornix 
of  unequal  size  (Fig.  396,  p.  534). 


FOENIX  AND  SEPTUM  LUCIDUM. 


531 


The  anterior  pillars  of  the  fornix  (coluumtts  I'oruicis)  are  two  rounded  strands 
which  emerge  from  the  anterior  part  of  the  body  of  the  fornix,  and  then  diverge 
very  slightly  from  each  other  as  they  curve  downwards  in  front  of  the  foramina  of 
Monro.  Sinking  into  the  gray  matter  en  the  lateral  wall  of  the  third  ventricle, 
each  anterior  pillar  proceeds  downwards  to  the  base  of  the  brain,  and  in  the  inter- 
peduncular space  protrudes,  to  take  part  in  the  formation  of  the  corpus  mammillare. 
When  the  corpus  mammillare  is  dissected  it  appears  to  be  largely  formed  of  a 
twisted  loop  of  the  anterior  pillar  of  the  foa'nix,  in  which  the  pillar  bends  ixpou 
itself,  and  is  then  continued  upwards  and  backwards  into  the  optic  thalamus. 
This  appearance,  however,  is  misleading.  The  fibres  of  the  anterior  pillar  end  in 
the  gray  nucleus  of  the  corpus  mammillare,  and  the  strand  which  passes  from  this 
to  the  thalamus  is  the  bundle  of  Vicq  d'Azyr  (p.  507); 

The  posterior  pillars  of  the  fornix  (crura  fornicis)  are  liattened  bands  which 
diverge  widely  from  each  other.  At  first  they  are  adherent  to  the  under  surface 
of  the  corpus  callosum,  but  soon  they  sweep  downwards  round  the  posterior  ends  of 
the  optic  thalami  and  enter  the  descending  horns  of  the  lateral  ventricles.  Here 
each  pillar  comes  into  relation  with  the  corresponding  hippocampus  major,  and  a 
portion  of  its  fibres  are  spread  out  on  the  surface  of  this  prominence,  forming  the 
alveus,  whilst  the  remainder  constitute  the  fimbria  or  taenia  fornicis — a  narrow  but 
very  distinct  band  of  white  matter,  which  is  attached  by  its  outer  margin  along  the 
inner  border  of  the  hippocampus  major  and  ends  in  front  by  joining  the  uncus 
(p.  527). 

A  certain  number  ot  transverse  fibres  enter  into  the  formation  ot  the  fornix. 
The  diverging  posterior  pillars  enclose  between  them  a  small  triangular  space  on 
the  under  surface  of  the  hinder  part  of  the  corpus  callosum.  This  area  is  crossed 
by  transverse  fibres,  which  form  a  thin  lamina  called  the  psalterium  or  lyra.  Some- 
times the  psalterium  is  not  completely  fused  to  the  under  surface  of  the  corpus 
callosum,  and  in  these  cases  a  narrow  space  is  left  between  them,  which  receives  the 
name  of  Verga's  ventricle. 

The  fornix  is  intimately  connected  with  the  olfactory  apparatus.  Its  fibres,  for  the  most  part, 
arise  from  the  pyramidal  cells  in  the  cornii  ammonis  or  hippocampus  major  and  ascend  in  tlie 
fimbria  and  posterior  pillar.  In  tlie  region  of  the  psalterinm  numerous  fibres  cross  the  mesial 
plane,  enter  the  opposite  posterior  pillar,  and  in  it  proceed  to  the  opj^osite  cornu  ammonis. 
These  fibres  constitute  a  commissure  between  the  two  cornua  ammonis.  The  remainder  of  the 
fibres  proceed  forwards  in  the  body  of  the  fornix,  and  by  means  of  the  anterior  pillar  the 
iiiajority  of  the  filires  are  carried  downwards,  behind  the  anterior  commissure,  to  the  corpus 
mannnillare.  Some,  lio\\"ever,  curve  liaekwards  into  the  stria  meduUaris  (p.  506) ;  whilst  others, 
forming  the  olfactory  bundle  of  the  cornu  ammonis,  pass  in  front  of  the  anterior  commissure  and 
enter  the  septum  lucidum,  through  A\  ]iich  tliey  reach  the  subcallosal  gyrus  and  the  locus  per- 
foratus  anticus.  Finally,  this  bundle  divides  into  two  parts,  of  whicli  one  joins  tlie  inner  root  of 
the  olfactory  tract,  whilst  the  other  goes  to  tlie  uncus. 

The  greater  number  of  the  longitudinal  fibres  of  the  fornix  nuist,  therefore,  be  regarded  as 
establishing  a  connexion  between  the  cornu  ammonis  and  the  optic  thalamus.  The  nucleus  of 
the  corpus  mammillare  is  an  internode  interposed  in  tlie  path  of  this  connecting  tract.  The 
bundle  of  Vicq  d'Azyr,  formed  by  the  relay  df  fibres  which  takes  origin  in  this  internode,  forms 
the  second  link  in  the  chain. 

Tlie  striie  longitudinales  on  the  upper  surface  of  the  corpus  callosum  are  to  be  regarded,  from 
a  morph(jlogical  point  of  view,  as  forming  an  outlying  part  of  the  foi'uix  system. 

Septum  Lucidum  (septum  pellucidum). — This  is  a  thin  vertical  partition  which 
intervenes  between  the  anterior  cornua  and  foreparts  of  the  bodies  of  the  two 
lateral  ventricles.  It  is  triangular  in  shape,  and  posteriorly  it  is  prolonged  back- 
wards for  a  variable  distance  between  the  body  of  the  corpus  callosum  and  the 
fornix,  to  both  of  which  it  is  attached  by  its  upper  and  lower  edges.  In  front  it 
occupies  the  gap  behind  the  genu  of  the  corpus  callosum,  whilst  below,  in  the 
narrow  interval  between  the  posterior  edge  of  the  rostrum  of  the  corpus  callosum 
and  the  fornix,  it  is  prolonged  downwards  towards  the  base  of  the  brain  in  the 
gyrus  subcallosus.  The  septum  lucidum  is  composed  of  two  thin  laminae  in  appo- 
sition with  each  other  in  the  mesial  plane  (Fig.  396,  p.  534). 

Fifth  Ventricle  (cavum  septi  pellucidi). — This  is  the  name  which  is  applied  to 
the  mesial  cleft  between  the  two  laminae  of  the  septum  lucidum.  It  varies  greatly 
in  size  in  different  brains  and  contains  a  little  fluid.    It  is  completely  isolated  and 
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presents  no  communication  with  the  other  ventricles  of  the  brain.  Indeed,  the 
term  "  ventricle,"  as  applied  to  it,  is  quite  inappropriate,  seeing  that  at  no  period  in 
the  development  of  the  brain  has  it  any  connexion  with  the  general  ventricular 
system.  It  is  usually  stated  tliat  it  represents  a  portion  of  the  great  longitudinal 
fissure,  which  has  become  cut  off  and  walled  round  about  by  the  growing  com- 
missures of  the  hemispheres,  but  it  is  doulitful  if  this  is  the  case  (see  p.  555). 

Lateral  Ventricle. 

The  cavity  in  tlie  interior  of  the  cerebral  hemisphere  is  calletl  the  lateral 
ventricle.  It  is  lined  throughout  by  ependyma  continuous  with  the  ependymal 
lining  of  the  third  ventricle.  In  many  places  the  walls  of  the  cavity  are  in  appo- 
sition, whilst  in  otlier  localities  spaces  of  varying  capacity,  and  containing  cerebro- 
spinal Huid,  are  left  between  the  l)0unding  walls. 

The  lateral  ventricle  (ventriculus  lateralis)  communicates  with  the  third  ventricle 
of  the  brain  by  means  of  a  small  foramen,  just  large  enough  to  admit  a  crow-quill, 
which  is  termed  the  foramen  of  Monro.  This  aperture  is  placed  in  front  of  the  fore 
end  of  the  optic  thalamus  and  behind  the  anterior  pillar  of  the  fornix. 

The  highly-irregular  shape  of  the  lateral  ventricle  can  be  best  understood  by  the 
study  of  a  cast  of  its  interior  (Figs.  394;  and  379,  p.  509).   It  is  usual  to  describe  it  as 

being  composed  of  a  body  and 
three  horns,  viz.  an  anterior, 
a  posterior,  and  a  descending 
horn.  The  anterior  horn  is 
that  part  of  the  cavity  which 
lies  in  front  of  the  foramen  of 
Monro.  The  body  is  the  por- 
tion of  the  ventricle  which 
extends  from  the  foramen  of 
Monro  to  the  splenium  of  the 
corpus  callosum.  At  this  point 
the  posterior  and  descending 
liorns  diverge  from  the  hinder 
part  of  the  body.  The  pos- 
terior horn  curves  backwards 
and  inwards  into  the  occipital 
lobe.  It  is  very  variable  in 
its  length  and  capacity.  The 
descending  horn  proceeds  with 
a  bold  sweep  round  the  hinder 
end  of  the  optic  thalamus,  and 
then  tunnels  in  a  forward  and 
inward  dix'ection  through  the 
temporal  lobe  towards  the 
temporal  pole.  The  early  foetal 
lateral  ventricle  is  very  capa- 
cious and  presents  an  arched 
or  semilunar  form.  It  is  com- 
posed of  parts  which  corre- 
spond to  the  anterior  horn,  the 
body,  and  the  descending  horn, 
and  there  is  little  or  no  de- 
marcation between  them.  The 
posterior  horn  is  a  later  production.  It  comes  into  existence  with  the  occipital 
lobe  and  is  produced  as  a  diverticulum  or  elongated  pouch,  which  grows  backwards 
from  the  upper  and  hinder  part  (i.e.  the  convexity)  of  the  primitive  cavity. 

Anterior  Horn  of  the  Lateral  Ventricle  (cornu  anterius). — The  anterior  horn 
forms  tlie  foremost  part  of  the  cavity,  and  extends  in  a  forward  and  outward  direc- 
tion in  the  frontal  lobe.    When  seen  in  coronal  section  it  presents  a  triangular 


¥us.  394. — Drawing  taken  from  a  Cast  of  the  Ventrioolar 
System  of  the  Brain,  as  seen  from  above  (after  Retzius). 

Vent.  HI.  Thiril  ventricle.  Vent.  IV.  Fourth  ventricle. 

R.  SP.  Recessus  suprapinealis. 
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Great  lon"itudinal  tissure 


Corpus  callosuin  (genu) 


Anterior  horn  of 
lateral  ventricle 


Caudate  nucleus 


Caudate  nucleus 
(in  section) 


Corpus  eallosum  (genu) 


Great  longitudinal  fissure 


Fig.  395. — Coronal  Section  thkough  the  Frontal  Lobes  and  the 
Anterior  Horns  of  the  Lateral  Ventricles. 


outline,  the  floor  sloping  upwards  and  outwards  to  meet  the  roof  at  an  acute 
angle.  It  is  bounded  in  front  by  the  posterior  surface  of  the  genu  of  the  corpus 
callosuin ;  the  roof  is  also  formed  by  the  corpus  eallosum.  The  inner  wall,  which 
is  vertical,  is  formed  by  the  septum  lucidum ;  whilst  the  sloping  floor  presents  a 
marked  elevation 
or  bulging,  viz.  the 
smooth,  rounded, 
and  prominent 
extremity  of  the 
pear-shaped  caud- 
ate nucleus. 

Body  of  the 
Lateral  Ventricle 
(pars  centralis). — • 
The  body  of  the 
cavity  is  likewise 
roofed  by  the 
corpus  eallosum. 
On  the  inner  or 
mesial  side  it  is 
bounded  by  the 
attachment  of  the 
fornix  to  the  under 
surface  of  the  cor- 
pus eallosum  and 
by  the  hinder  part 
of  the  septum 
lucidum.  On  the 
outer    side   it  is 

closed,  as  in  the  case  of  the  anterior  horn,  by  the  meeting  of  the  floor  and  the  roof 
of  the  cavity.  On  the  floor  a  number  of  important  objects  may  be  recognised. 
From  without  inwards  these  are  met  in  the  following  order:  (1)  the  caudate 
nucleus ;  (2)  a  groove  which  extends  obliquely  from  before  backwards  and  outwards 
between  the  caudate  nucleus  and  the  optic  thalamus,  and  in  which  are  placed  the 
vein  of  the  corpus  striatum  and  a  white  band  called  the  tainia  semicircularis  ;  (3) 
a  portion  of  the  upper  surface  of  the  optic  thalamus ;  (4)  the  choroid  plexus ;  (5) 
the  thin  sharp  lateral  edge  of  the  fornix. 

The  caudate  nucleus  narrows  rapidly  as  it  proceeds  backwards  on  the  outer  part 
of  the  floor  of  the  body  of  the  lateral  ventricle.  The  vein  of  the  corpus  striatum  is 
covered  over  by  ependyma.  It  joins  the  vein  of  Galen  close  to  the  foramen  of 
Monro.  The  connexions  of  the  taenia  semicircularis  will  be  dealt  with  later.  The 
portion  of  the  upper  surface  of  the  optic  thalamus  which  appears  in  the  floor  of  the 
ventricle  is  in  great  part  hidden  by  the  choroid  plexus,  which  lies  upon  it.  The 
choroid  plexus  is  a  rich  vascular  fringe  which  appears  from  under  cover  of  the  sharp 
lateral  edge  of  the  fornix.  In  front  it  is  continuous,  behind  the  foramen  of  Monro, 
with  the  corresponding  choroid  plexus  of  the  opposite  side,  whilst  behind,  it  is 
carried  into  the  descending  horn  of  the  ventricle.  Although  the  choroid  plexus 
has  all  the  appearance  of  lying  free  within  the  ventricle,  it  must  be  borne  in  mind 
that  it  is  invested  by  an  epithelial  layer  which  represents  a  portion  of  the  hemi- 
sphere wall  and  excludes  it  from  the  cavity.  This  thin  layer  is  continuous  on  the 
one  hand  with  the  sharp  edge  of  the  fornix,  and  on  the  other  it  is  attached  to  the 
upper  surface  of  the  optic  thalamus. 

Posterior  Horn  of  the  Lateral  Ventricle  (cornu  posterius). — The  posterior 
horn  is  an  elongated  diverticulum  carried  backwards  into  the  occipital  lobe  from  the 
hinder  end  of  the  body  of  the  ventricle.  It  tapers  to  a  point  and  describes  a  gentle 
curve,  the  convexity  of  which  is  directed  outwards.  The  roof  and  outer  wall  of  this 
portion  of  the  ventricular  cavity  are  formed  by  the  tapetum  of  the  corpus  eallosum. 
In  coronal  sections  through  the  occipital  lobe  this  is  seen  as  a  thin  but  distinct 
layer  of  white  fibres,  which  lies  immediately  outside  the  ependyma  and  to  the  inner 
34  a 
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side  of  a  much  larger  strand  of  fibres  iu  tlie  medullary  substauce  of  the  occipital 
lobe,  viz.  the  optic  radiation. 

On  the  inner  vjall  two  elongated  curved  elevations  may  be  observed.  The 


Fig.  396. — Dissection,  to  sliow  the  fornix  and  lateral  ventricles  ;  the  body  of  the  corpus  callosuni 

has  been  turned  over  to  the  left. 


uppermost  of  these  is  termed  the  bulb  of  the  cornu  (bulbus  cornu  posterioris),  and  is 
produced  by  the  fibres  of  the  forceps  major  of  the  corpus  callosum  as  they  curve 
abruptly  backwards  from  the  lower  part  of  the  splenium  of  the  corpus  callosum  into 
the  occipital  lobe.  Below  this  is  the  elevation  known  as  the  calcar  avis.  It  varies 
greatly  in  size  in  different  brains  and  is  caused  by  an  infolding  of  the  ventricular 
wall  in  correspondence  with  the  anterior  calcariue  fissure  on  the  exterior  of  the 
hemisphere. 

Descending  Horn  of  the  Lateral  Ventricle  (cornu  inferius). — The  descending 
horn  is  the  C(jntinuation  of  the  cavity  into  the  temporal  lobe.  At  first  directed 
backwards  and  outwards,  the  descending  horn  suddenly  sinks  downwards  behind 
the  optic  thalamus  into  the  temporal  lobe,  in  the  centre  of  which  it  takes  a  curved 
course  forwards  and  inwards  to  a  point  about  an  inch  behind  the  extremity  of  the 
temporal  pole. 

In  the  anole  between  the  diverging  posterior  and  descending  horns  the  ca\dty 
of  the  ventricle  presents  an  expansion  of  a  somewhat  triangular  shape.  To  tliis,  the 
name  of  trigonum  ventriculi  is  sometimes  given. 

The  roof  of  the  descending  horn  is  formed  for  the  most  part  by  the  tapetum  of 
the  corpus  callosum.  At  the  extremity  of  the  horn  the  roof  presents  a  bulging 
into  the  cavity.    This  is  the  amygdaloid  tubercle,  and  it  is  yjroduced  by  a  super- 
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jacent  collection  of  gray  matter  termed  the  amygdaloid  nucleus.    The  taenia  semi- 
circularis  and  the  attenuated  tail  of  the  caudate  nucleus  are  both  prolonged  into  the 
descending  horn  and  are  carried  forwards,  in  its  roof,  to  the  amygdaloid  nucleus. 
On  the  floor  of  the  descending  horn  the  following  structures  are  seen  :  (1) 


Fig.  397. — Coronal  Section  thuough  the  Posterior  Horns  of  the  Lateral  Ventricles. 

hippocampus  major,  or  the  corn\i  ammonis  ;  (2)  the  choroid  plexus  ;  (3)  the  fimbria  ; 
and  (4)  the  eminentia  collateralis. 

The  hippocampus  major  (hippocampus)  is  for  the  most  part  covered  by  the 
choroid  plexus.  It  is  a  prominent  elevation  on  the  floor  of  the  descending  horn  of 
the  lateral  ventricle  and  is  strongly  curved,  in  conformity  with  the  course  taken 
by  the  horn  in  which  it  lies.  It  therefore  presents  an  internal  concave  margin  and 
an  external  convex  border.  Narrow  behind,  it  enlarges  as  it  is  traced  forwards, 
and  it  ends  below  the  amygdaloid  tubercle  in  a  thickened  extremity,  which 
presents  some  faint  grooves  or  notches  on  its  surface.  In  consequence  of  this,  the 
anterior  end  of  the  hippocampus  major  receives  the  name  of  the  pes  hippocampi. 
The  hippocampus  major  is  the  internal  elevation  which  corresponds  to  the  dentate 
fissure  on  the  exterior  of  the  hemisphere  (Fig.  399). 

The  fimbria  (fimbria  hippocampi)  is  the  narrow  band  of  white  matter  whicli  is 
attached  by  its  outer  margin  along  the  inner  concave  border  of  the  hippocampus 
major.  The  white  matter  composing  it  is  continuous  with  the  thin  white  layer 
(the  alveus)  which  is  spread  over  the  surface  of  the  hippocampus  major,  and  it 
presents  two  free  surfaces  and  a  sharp  free  inner  border.  The  fimbria  has  already 
been  examined  in  connexion  with  the  hippocampal  fissure  and  the  gyrus  dentatus 
(p.  527),  and  the  relations  which  it  presents  to  the  fornix  and  the  uncus  have  been 
pointed  out. 

When  the  pia  mater  in  the  region  of  the  hippocampal  fissure  is  removed  from 
the  surface  of  the  brain,  the  choroid  plexus  in  the  interior  of  the  descending  horn 
of  the  lateral  ventricle  is  usually  withdrawn  with  it,  and  a  fissure  appears  between 
the  fimbria  and  the  roof  of  the  ventricular  horn.  This  is  the  choroid  fissure.  It 
appears  at  a  very  early  date  in  the  development  of  the  cerebral  hemisphere,  and 
takes  an  arcuate  course  upwards  and  forwards  round  the  hinder  end  of  the  optic 
thalamus.  In  the  region  of  the  body  of  the  lateral  ventricle  it  extends  as  far 
forwards  as  the  foramen  of  Monro,  and  is  formed  by  the  involution  of  an  epithelial 
part  of  the  wall  of  the  ventricle  over  the  choroid  plexus  (p.  533).  In  the  region  of 
the  descending  horn,  when  the  choroid  plexus  with  the  involuted  epithelial  layer 
which  covers  it  is  withdrawn,  the  choroid  fissure  is  converted  into  an  artificial  gap 
which  leads  directly  into  this  part  of  the  ventricular  cavity. 

The  choroid  plexus  is  a  convoluted  system  of  blood-vessels  in  connexion  with  a 
fold  of  pia  mater,  which  is  prolonged  into  the  descending  horn  of  the  lateral 
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ventricle.  It  lies  on  the  .surface  of  the  hippocampus  major  and  is  continuous 
behind  the  posterior  part  of  the  optic  thalamus,  with  the  choroid  plexus  in  the  body 
of  the  lateral  ventricle.  But  it  must  not  be  supposed  that  the  choroid  plexus  lies 
free  in  the  ventricular  cavity.  It  is  clothed  in  the  most  intimate  manner  by  an 
epithelial  layer,  which  represents  the  inner  or  mesial  wall  of  the  descending  horn 


on  the 


Fig.  398. — Dissection,  to  show  the  fornix  and  the  posterior  and  descending  coruua 
of  the  lateral  ventricle  of  the  left  side. 


pushed  into  the  cavity  by  the  choroid  plexus.  The  ventricle,  therefore,  only  opens 
on  the  surface  through  the  choroid  fissure  when  this  thin  epithelial  layer  is  torn 
away  by  the  withdrawal  of  the  choroid  plexus.  From  the  above,  it  will  be  under- 
stood that  the  arcuate  choroid  fissure,  throughout  its  whole  length  (viz.  from  the 
foramen  of  Monro  to  the  extremity  of  the  descending  horn  of  the  lateral  ventricle), 
is  formed  by  the  involution  of  a  portion  of  the  wall  of  the  hemisphere  which 
remains  epithelial.  In  the  body  of  the  ventricle  this  layer  is  attached,  on  the  one 
hand,  to  the  sharp  lateral  margin  of  the  fornix,  and  on  the  other  to  the  upper 
surface  of  the  optic  thalamus  ;  in  the  descending  horn  it  is  attached,  in  like  manner, 
to  the  edge  of  the  fimbria  or  posterior  pillar  of  the  fornix,  whilst  above  it  joins  the 
roof  of  this  portion  of  the  ventricle  along  the  line  of  the  taenia  semicircularis. 

The  eminentia  coUateralis  shows  very  great  differences  in  its  degree  of  develop- 
ment, and  it  may  present  two  distinct  forms,  which  may  be  distinguished"  from 
each  other  as  the  eminentia  coUateralis  posterior  and  the  eminentia  collateralis 
anterior. 

The  posterior  collateral  emi7ience  is  a  smooth  elevation  in  the  floor  of  the 
trigonum  ventriculi,  in  the  interval  which  is  left  between  the  calcar  avis  and  the 
hippocampus  major  as  they  diverge  from  each  other.    In  the  foetal  bVain  this  is 
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always  a  very  strongly-marked  elevation,  which  corresponds  with  the  mid-collateral 
fissure,  but  in  the  course  of  growth  it  is  apt  to  lose  much  of  its  prominence 

The  anterior  collateral  eminence  is  only  occasionally  present.  It  appears  as  an 
elongated  elevation  of  varying 
length  and  prominence,  on  the 
floor  of  the  descending  horn  of 
the  lateral  ventricle,  on  the 
outer  side  of  the  hippocampus 
major.  It  is  formed  by  the 
anterior  portion  of  the  foetal 
collateral  sulcus,  when  this 
develops  as  a  complete  fissure. 


-  Basal  Ganglia  of  the 
Cerebkal  Hemisphere. 

Under  this  heading  are 
included  certain  masses  of 
gray  matter  more  or  less  com- 
pletely embedded  in  the  white 
medullary  substance  of  the 
hemisphere,  and  which  are 
developed  in  its  wall.  They 
compose  the  caudate  and  len- 
ticular nuclei,  which  together 
form  the  corpus  striatum,  the 
claustrum,  and  the  amygdaloid 
nucleus. 

The  caudate  nucleus  bulges 
into  the  lateral  ventricle.  It 
is'  a  pyriform,  highly -arched 
mass  of  gray  matter,  which 
presents  a  thick,  swollen  head, 
or  anterior  extremity,  and  a 
long,  attenuated  tail.  The 
head  projects  into  the  anterior 
horn  of  the  lateral  ventricle, 
whilst  its  narrower  part  is  pro- 
'  longed  outwards  and  backwards  in  the  floor  of  the  body  of  the  ventricle,  where  it 
is  separated  from  the  optic  thalamus  by  the  taenia  semicircularis.  Finally,  its 
tail  curves  downwards  with  a  bold  sweep  and  enters  the  descending  horn  of  the 
lateral  ventricle.  In  the  roof  of  this  it  is  prolonged  forwards  to  the  amygdaloid 
nucleus,  the  lower  part  of  which  it  joins.  The  caudate  nucleus  thus  presents  a 
free  ventricular  surface,  covered  with  ependyma,  and  a  deep  surface  embedded  in 
the  white  substance  of  the  cerebral  hemisphere,  and  for  the  most  part  related  to 
the  internal  capsule. 

Owing  to  its  arched  form  it  follows  that,  in  horizontal  sections  through  the 
cerebral  hemisphere  below  a  particular  level,  it  is  cut  at  two  points,  and  both  the 
head  and  the  tail  appear  on  the  fleld  of  the  section  (Fig.  400).  In  coronal  sections 
behind  the  amygdaloid  nucleus,  it  is  also  divided  at  two  places  (Fig.  375,  p.  505). 

The  anterior  extremity  of  the  head  of  the  caudate  nucleus  coincides  very  nearly 
with  that  of  the  anterior  horn  of  the  lateral  ventricle.  In  the  region  of  the  locus 
perforatus  anticus,  the  head  of  the  caudate  nucleus  gains  the  surface  and  its  gray 
matter  "becomes  continuous  with  that  of  the  cerebral  cortex. 

The  lenticular  nucleus  lies  on  the  outer  side  of  the  caudate  nucleus  and  optic 
thalamus,  and  is  for  the  most  part  embedded  within  the  white  medullary  substance 
of  the  cerebral  hemisphere.  It  does  not  extend  either  so  far  forwards  or  so  far 
backwards  as  the  caudate  nucleus.  Indeed,  it  presents  a  very  close  correspondence 
in  point  of  extent  with  the  insula  or  island  of  Keil  on  the  surface.    When  seen  in 
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Fig.  399. — Dissection,  to  show  the  posterior  and  descending 
cornua  of  the  lateral  ventricle. 
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liorizontal  section,  it  presents  a  shape  similar  to  that  of  a  biconvex  lens.  Its 
inner  surface  bulges  more  than  the  outer  surface,  and  its  point  of  highest  convexity 

is  placed  opposite 
the  taenia  semi- 
circularis  or  the  in- 
terval between  the 
caudate  nucleus 
and  the  optic 
thalamus.  In 
coronal  section  the 
appearance  pre- 
sented by  the  len- 
ticular nucleus 
differs  very  much 
in  different  planes 
of  section. 
401  represents 
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Fig. 


section  through  its 


anterior  portion. 
Here  it  is  semi- 
lunar or  crescentic 
in  outline  and  is 
directly  continuous 
below  with  the  head 
of  the  caudate 
nucleus;  above, 
also,  it  is  inti- 
mately connected 
with  the  caudate 
nucleus  by  bands 
of  gray  matter, 
which  pass  be- 
tween the  two 
nuclei  and  break 
up  the  white 
matter  of  the  fore- 
part of  the  inter- 
vening internal 
capsule.  It  is  due 
to  the  ribbed  or 
barred  appearance, 
which  is  presented 
by  such  a  sectiou 

as  this,  that  the  term  corpus  striatum  is  applied  to  the  two  nuclei.  In  the  region 
of  the  locus  perforatus  anticus  both  nuclei  reach  the  surface  and  become  continuous 
witli  the  cortex. 

When  a  section  is  made  in  a  plane  further  back  {e.g.  immediately  posterior  to 
the  anterior  commissure,  as  in  Fig.  402)  the  divided  lenticular  nucleus  assumes  an 
altogether  different  shape,  and  is  seen  to  be  completely  cut  off  from  the  caudate 
nucleus  by  the  internal  capsule.  It  is  now  triangular  or  wedge-shaped.  Its  hase 
is  turned  towards  the  island  of  Eeil  and  is  in  direct  relation  to  a  thin  lamina  of 
white  matter,  termed  the  external  capsule.  Its  internal  surface  is  oblique  and  is 
applied  to  the  internal  capsule,  whilst  its  inferior  surface  is  horizontal  and  is 
directed  downwards  towards  the  base  of  the  brain.  But,  further,  two  white  laminte, 
the  external  and  internal  medullary  laminae,  are  now  evident,  which  traverse  its 
substance  in  a  vertical  direction  and  divide  it  into  three  zones.  The  outer,  basal, 
and  larger  zone  is  termed  the  putamen  ;  the  two  inner  portions  together  constitute 
the  globus  pallidus. 

The  putamen  forms  much  the  largest  part  of  the  lenticular  nucleus.    It  is 


Fig.  400. — Horizo>'tal  Section  through  the  Right  Cerebral  Hemisphere 
AT  the  Level  of  the  Widest  Part  of  the  Lenticular  Nucleus. 
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darker  in  colour  than  the  globus  pallidus,  and  in  this  respect  resembles  the  caudate 
nucleus.     It    is  ^ 


traversed  by  tine 
radiating  bundles 
of  fibres,  which 
enter  it  from  the 
external  medul- 
lary lamina.  Both 
in  point  of  struc- 
ture and  in  mode 
of  development  it 
is  closely  associ- 
ated with  the 
caudate  nucleus, 
and  it  is  the  only 
part  of  the  len- 
ticular nucleus 
which  is  con- 
nected by  inter- 
vening bands  of 
gray  matter  with 
the  caudate  nuc- 
leus. The  antero- 
posterior length, 
as  well  as  the 
vertical  depth  of 
the  putamen,  is 
much  greater  than 
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Fig.  401. — Coronal  Section  through  the  Cerebral  Hemispheres  so  as  to  cut 
tlirough  the  anterior  part  (putamen)  of  the  lenticular  nucleus  in  front  of  the 
globus  pallidus. 


in  the  case  of  the  globus  pallidus ;  consequently,  in  both  coronal  and  horizontal 
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Fig.  402. — Coronal  Section  through  the  Cerebrum,  so  as  to  cut  through  the  three  divisions  of  the 
lenticular  nucleus  ;  posterior  surface  of  the  section  depicted. 

sections  through  the  cerebrum  it  is  encountered  before  the  j)lane  of  the  globus 
pallidus  is  reached.  ' 


540 


THE  NERVOUS  SYSTEM. 


The  external  capsule  is  loosely  connected  with  the  outer  surface  of  the  putamen,  and  it  can  be 
readily  strijiped  off.  This  accounts  for  the  tendency,  exhibited  in  haemorrhages  in  this  locality, 
for  the  effused  blood  to  spread  out  in  the  interval  between  these  structures. 

The  globus  pallidus  is  composed  of  the  two  smaller  and  inner  zones  of  the  lenti- 
cular nucleus.  They  present  a  faint  yellowish  tint,  and  are  paler  and  more 
abundantly  traversed  by  fibres  than  the  putamen.  The  zone  next  the  putamen  (i.e. 
the  intermediate  zone)  is  much  larger  than  the  innermost  subdivision.  It  extends 
forwards  to  a  point  a  little  in  front  of  the  plane  of  the  anterior  cou>missure.  When 
the  lenticular  nucleus  is  cut  in  a  coronal  direction,  and  in  its  widest  part,  the 
innermost  zone  shows  an  indication  of  a  separation  into  two  parts,  so  that  here  the 
globus  pallidus  appears  to  consist  of  three  subdivisions.  The  morphology  of  the 
globus  pallidas  is  by  no  means  clear. 

Connexions  of  the  Corpus  Striatum.~(l)  Numerous  fibres  from  the  optic 
thalamus  pass  into  the  anterior  limb  of  the  internal  capsule  and  enter  both  the  caudaife 
and  the  lenticular  nuclei.    These  may  be  termed  the  thalamo-striate  fibres.    (2)  Edinger 


Fig.  403. — Coronal  Section  throdgh  the  Left  Side  of  the  Cerebrdm  of  an  Oranq 

(Weigert-Pal  specimen). 

The  section  passes  througli  the  middle  of  the  lenticular  nucleus. 


describes  a  connexion  between  the  caudate  nucleus  and  the  substantia  nigra.  The  con- 
necting fibres  pass  through  the  subthalamic  region  and  constitute  a  tract  in  the  mesen- 
cephalon, in  close  apposition  with  the  substantia  nigra,  called  the  stratum  intermedium. 
(3)  The  ansa  lenticularis  has  previously  been  described.  It  is  composed  of  fibres  which 
come  from  the  inferior  part  of  the  fore  portion  of  the  thalamus  and  curve  outwards  under 
the  lenticular  nucleus.  They  stream  upwards  into  this  and  through  its  medullary 
laminte.  Many  of  tliem  apparently  proceed  onwards  to  the  cerebral  cortex.  (4)  Fibres 
from  the  posterior  limb  of  the  internal  capsule  (thalamic  fibres  chiefly)  enter  the  lenticular 
nucleus  and  stream  through  it,  and  its  medullary  lamina;,  on  their  way  to  the  cerebral 
cortex. 

Claustrum. — -This  is  a  thin  plate  of  gray  substance  embedded  in  the  white 
matter,  which  intervenes  between  the  lenticular  nucleus  and  the  gray  cortex  of  the 
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insula  or  island  of  Eeil.  Followed  in  an  upward  direction,  it  becomes  gradually 
thinner  and  ultimately  disappears.  As  it  is  traced  downwards,  however,  it 
thickens  considerably,  and  at  the  base  of  the  brain  it  comes  to  the  surface  at  the 
anterior  perforated  spot  and  becomes  continuous  with  the  gray  matter  of  the  cortex. 
Its  extent  corresponds  very  closely  with  the  area  occupied  by  the  insula,  and  its 
surface  towards  this  portion  of  the  cerebral  cortex  shows  ridges  and  depressions 
corresponding  to  the  insular  gyri  and  sulci. 

Amygdaloid  Nucleus. — In  the  forepart  of  the  temporal  lobe,  in  front  of,  and 
to  some  extent  above  the  extremity  of  the  descending  horn  of  the  lateral  ventricle, 
there  is  a  round  mass  of  gray  matter,  called  the  amygdaloid  nucleus.  The  tail  of 
the  caudate  nucleus  joins  its  lower  part,  whilst  above  it  is  carried  up  into  the  puta- 
men.    In  front  it  is  continuous  with  the  gray  cortex  of  the  cerebrum. 

Tsenia  Semicircularis. — This  is  a  band  of  fibres  which,  for  the  most  part,  arise 
in  the  amygdaloid  nucleus.  From  this  it  runs  backwards  in  the  roof  of  the  de- 
scending horn  of  the  lateral  ventricle,  and  then  arches  upwards  and  forwards,  so  as 
to  gain  the  floor  of  the  body  of  the  lateral  ventricle.  In  both  situations  it  lies 
close  to  the  inner  side  of  the  nucleus  caudatus,  and  finally,  at  the  foramen  of 
Monro,  it  bends  downwards  towards  the  anterior  commissure.  Some  of  its  fibres 
pass  in  front  and  others  liehind  the  commissure,  and  ultimately  they  end  in  the 
locus  perforatus  anticus  (Kolliker). 

Internal  Capsule. — This  term  is  applied  to  the  broad  band  of  white  matter 
which  intervenes  between  the  lenticular  nucleus,  on  the  outside,  and  the  optic 
thalamus,  tfBnia  semicircularis,  and  caudate  nucleus  on  the  inner  side.  It  presents 
many  different  appearances,  according  to  the 
plane  in  which  the  brain  is  cut.  In  the 
region  of  the  mesencephalon,  a  coronal  section 
through  the  brain  shows  that  in  great  part 
the  internal  capsule  is  directly  continuous 
with  the  crusta  of  the  crus  cerebri  (Fig.  375, 
p.  505).  In  horizontal  section  the  internal 
capsule  is  observed  to  be  bent  upon  itself 
opposite  the  ttisnia  semicircularis,  or  the 
interval  between  the  caudate  nucleus  and 
the  thalamus.  This  bend,  which  points  in- 
wards, is  called  the  genu.  About  one-third 
of  the  internal  capsule  lies  in  front  of  the 
genu,  and  is  termed  the  anterior  limb ;  tlie 
remaining  two-thirds,  which  lie  behind  the 
genu,  constitute  the  posterior  limb. 

The  anterior  limb  of  the  internal  capsule 
intervenes  between  the  lenticular  nucleus  and 
the  caudate  nucleus.  In  its  lower  and  fore- 
part it  is  much  broken  up  by  the  connecting 
bands  of  gray  matter  which  pass  between  the 
forepart  of  the  putamen  and  the  lenticular 
nucleus. 


Fig. 


404. — Diagrammatic  Representation  op 
THE  Internal  Capsule  (as  seen  in  hori- 
zontal section). 


The  anterior  limb  of  the  internal  capsule  is, 
for  the  most  part,  composed  of  corticipetal  fibres 
belonging  to  tlie  thalamic  radiation.  -  It  likewise 
contains  a  distinct  corticifugal  tract.  The  corti- 
cipetal fibres  are  of  two  kinds,  viz.  :  thalamo- 
frontal  and  thalamo-striate.  The  former,  which  arise  in  the  optic  thalamus,  go  through 
the  anterior  limb  of  the  internal  capsule  to  reach  the  cortex  of  the  frontal  lobe.  The 
thalamo-striate  fibres  likewise  arise  in  the  thalamus  and  enter  the  anterior  limb,  to  reach 
the  caudate  and  lenticular  nuclei. 

The  corticifugal  fibres  form  a  tract  which  has  already  been  referred  to  in  connexion 
with  the  mesencephalon.  It  is  the  fronto-pontine  tract,  which  arises  in  the  cortex  of  the 
prefrontal  region,  traverses  the  anterior  limb  of  the  internal  capsule,  forms  the  inner  fifth 
of  the  crusta  of  the  crus  cerebri,  and  finally  ends  in  the  nucleus  pontis. 


542 


THE  NERVOUS  SYSTEM. 


Tlie  posterior  limb  of  the  internal  capsule  is  placed  between  the  optic  thalamus 
and  the  lenticular  nucleus,  and  it  extends  backwards  for  a  short  distance  beyond 
the  hinder  end  of  the  putameu  on  the  outer  side  of  the  posterior  part  of  the 
.thalamus  and  of  the  tail  of  the  caudate  nucleus.  The  posterior  limb,  therefore,  is 
spoken  of  as  consisting  of  a  lenticular  and  a  retrolenticular  part. 

Tlie  lenticular  part  of  tlio  posterior  limb  is  couipoised  of  botli  corticipetal  and  cortici- 
fugal  fibres.  The  corticipetal  fibres  enter  the  internal  capsule  from  the  outer  aspect  of 
the  optic  thalamus,  and  are  composed  of  thahimic  fibres  which  arise  within  the  thalamus, 
and  also,  in  all  probability,  certain  long  tracts  (such  as  portion  of  the  mesial  fillet  and 
portion  of  the  superior  cerebellar  peduncle),  which  are  said  to  be  carried  up  through  the 
thalamus  into  the  internal  capsule. 

The  corticifugal  fibres  form  a  well-defined  tract,  which  occupies  the  anterior  half  of  the 
lenticular  part  of  the  internal  capsule.  This  is  the  great  motor  or  pyramidal  tract 
descending  from  the  Rolaudic  area  of  the  cortex.  The  fibres,  which  go  to  the  nucleus  of 
the  facial  nerve,  lie  close  to  the  genu,  and  behind  these  are  the  fibres  which  go  to  the 
hypoglossal  nucleus ;  still  further  back  are  pyramidal  fibres,  which  enter  the  spinal  cord 
and  end  around  the  motor  cells  of  the  anterior  horn  of  gray  matter.  This  pyramidal 
tract  has  been  observed  occupying  the  middle  part  of  the  crusta  of  the  crus  cerebri,  into 
which  it  passes  directly  from  the  internal  capsule.  It  is  doubtful  if  there  are  any  other 
corticifugal  fibres  in  the  lenticular  part  of  the  posterior  limb  of  the  internal  capsule. 
Some  observers,  however,  consider  that  with  the  pyramidal  fibres  there  are  cortico-pontine 
fibres  from  the  liolandic  area — fibres  which  end  below  in  the  nucleus  pontis  (van  Gehuchten). 

The  retrolenticular  part  of  the  posterior  limb  contains:  (1)  the  fibres  of  the  optic 
radiation  as  they  pass  to  establish  their  connexions  with  the  thalamus,  superior  quadri- 
geminal  body,  and  corpus  geniculatum  externum  ;  (2)  the  fibres  of  the  auditory  radiation, 
or  those  which  connect  the  auditory  cortical  field  in  the  temporal  lobe  with  the  corpus 
geniculatum  internum  (Fig.  357,  p.  480) ;  (3)  the  temporo-jwntine  tract,  which  is  com- 
posed of  fibres  which  take  origin  in  the  two  upper  convolutions  of  the  temporal  lobe  and 
pass  through  this  section  of  the  internal  capsule  to  reach  the  outer  part  of  the  crusta  of 
the  crus  cerebri.  Through  this  they  reach  the  ventral  part  of  the  pons,  in  the  gi'ay  matter 
of  which  they  end. 

When  the  fil)res  of  the  internal  capsule  are  traced  upwards  they  are  found  to 
spread  out  widely  from  each  other  in  a  radiating  or  fan-shaped  manner,  so  as  to 
reach  the  various  convolutions  of  the  cerebral  hemisphere.  This  arrangement  is 
termed  the  corona  radiata.  The  callosal  system  of  fibres,  as  they  proceed  into  the 
hemisphere,  also  radiate,  and  they  intersect  the  fibres  of  the  corona  radiata  (Fig. 
403,  p.  r.40). 

External  Capsule. — Tlie  thin  lamina  of  white  matter  between  the  outer  aspect 
of  the  putauien  and  tlie  claustrum  is  called  the  external  capsule.  This  joins  with 
the  internal  capsule  in  front  of  and  behind  the  putamen,  and  in  this  manner  the 
lenticular  nucleus  is  encapsulated  by  white  matter. 

Intimate  Stkuctuke  of  the  (Jbrebkal  Hemispheke. 

The  cerel)ral  hemisphere  is  composed  of  an  external  coating  of  gray  matter, 
termed  the  cortex,  spread  over  an  internal  mass  of  white  matter,  v/hich  is  called  the 
medullary  centre.  The  cortex  is  of  peculiar  interest,  seeing  that  there  is  good  reason 
for  believing  that  in  it  the  higher  functions  of  the  brain,  or  those  which  may  be 
classed  under  the  general  designation  of  the  intellectual  functions,  take  place.  It 
is  within  the  same  layer  of  gray  matter  that  the  influence  of  those  external  impres- 
sions, which  gain  access  to  the  cerebro-spinal  axis  through  the  senses,  finally  take 
shape  as  consciousness  :  and  in  it  also  are  placed  the  centres  which  carry  on  the 
psycho-motor  functions.  The  white  medullary  centre  is  composed  of  nerve-fibres 
which  constitute  the  paths  along  which  the  influence  of  impressions,  is  carried  to 
and  from  the  cortex,  and  from  one  part  of  the  cortex  to  another. 

The  Cerebkal  Cortex. 

The  gray  cortex  is  spread  over  the  entire  surface  of  the  cerebral  hemisphere,  but 
it  does  not  form  a  layer  of  equal  thickness  in  all  localities.     At  the  summit  of  a 
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convolution  it  is  always  thicker  than  at  the  bottom  of  a  furrow.  The  maximum 
thickness  of  cortex  (about  6  mm.)  is  attained  in  the  upper  parts  of  the  two  central 
convolutions,  whilst  the  minimum  (about  2'5  mm.)  may  be  observed  in  the  region 
of  the  occipital  pole.  The  amount  of  gray  cortex  differs  considerably  in  different . 
individuals,  and  appreciably  diminishes  in  old  age.  It  is  also  stated,  but  upon  very 
imperfect  evidence,  that  it  is  relatively  more  abundant  in  the  male  than  in  the 
female. 

In  structure,  likewise,  marked  differences  may  be  noted  in  the  gray  cortex 
of  different  regions.  In  certain  localities  this  is  quite  apparent  to  the  naked  eye 
when  sections  are  made  through  it,  but  the  'relation  which  this  bears  to  the  functions 
displayed  by  these  different  regions  is,  to  a  great  extent,  unknown.  Further,  there 
are  no  sharp  transitions  in  structure.  One  form  of  cortex  passes  gradually  and  in- 
sensibly into  the  variety  of  cortex  which  is  distinctive  of  an  adjoining  region,  and 
throughout  the  whole  mass  a  general  ground  type  may  be  recognised.  It  is  only 
to  those  general  structural  features  which  more  or  less  chai-acterise  the  entire 
cortical  layer  that  we  shall  be  able  to  refer. 

When  sections  are  made  through  the  fresh  brain,  and  the  cut  surface  is  closely 
inspected,  it  will  usually  be  apparent  that  the  cortex  is  indistinctly  stratified.  On 
the  outside  there  is  a  thin,  whitish  layer,  and  beneath  this  the  gray  matter  presents 
two  strata  of  very  nearly  equal  thickness,  viz.  :  a  middle,  gray-coloured  stratum  and 
an  inner,  yellowish-red  stratum.  Between  the  two  latter  layers  a  narrow  white 
band  is,  in  many  places,  visible.  This  is  termed  the  outer  band  of  Baillarger.  When 
the  layers  indicated  above  are  present,  four  strata  superimposed  on  each  other  are 
recognised ;  but  in  certain  regions,  as,  for  instance,  in  the  anterior  central  convolu- 
tion, a  second  white  streak  traverses  the  deep  or  inner  gray  layer  and  divides  it  into 
two.  This  is  termed  the  inner  white  band  of  Baillarger,  and,  when  it  is  present,  the 
gray  cortex  becomes  divided  obscurely  into  six  alternating  white  and  gray  layers. 

The  outer  band  of  Baillarger  is  strongly  marked  in  the  region  of  the  calcarine 
fissure  and  gives  a  characteristic  appearance  to  this  portion  of  the  cortex.  In  this 
locality  it  receives  the  name  of  the  band  o^  Vicq  d'Azyr  (Fig.  400,  p.  538). 

To  obtain  a  full  understanding  of  the  minute  structure  of  the  cerebral  cortex  many 
different  methods  must  be  employed,  and  it  is  only  by  combining  the  several  separate 
pictures  which  are  thus  afforded  that  the  end  in  view  is,  in  some  measure,  reached. 

The  stratification  indicated  above  has  little  bearing  upon  the  more  essential  points  of 
the  intimate  structure  of  the  cortex.  The  three  white  layers  are  brought  about  by  an 
aggregation  of  fibres  running  in  a  tangential  direction,  or,  in  other  words,  in  a  direction 
parallel  to  the  surface  of  the  convolution. 

Nerve-cells. — According  to  the  arrangement  and  the  characters  presented  by  the 
nerve-cells  which  are  met  with  at  different  depths,  it  is  now  usual  to  recognise  four  layers 
in  the  cortex.  These  are:  (1)  the  stratum  zonale  ;  (2)  the  layer  of  small  pyramidal 
cells  ;  (3)  the  layer  of  large  pyramidal  cells  ;  and  (4)  the  layer  of  polymorphic  cells. 

As  the  pyramidal  cells  are  specially  characteristic  of  the  cerebral  cortex,  we  shall 
describe  the  two  layers  which  contain  them  first.  The  difference  between  these  two 
layers  largely  depends  upon  the  difference  in  the  size  of  the  constituent  cells.  Taken 
together,  the  second  and  third  layers  constitute  the  chief  part  of  the  cortex  ;  they  merge 
insensibly  into  each  other,  and,  in  the  pai-ietal  and  frontal  lobes,  the  layer  of  large  pyramidal 
cells  is  the  thickest  of  all  the  layers.  In  both  of  these  sti'ata  the  pyramidal  cells  present 
the  same  form,  and  apparently  also  similar  connexions. 

A  pyramidal  cell  has  a  triangular  outline.  Its  apex  is  directed  towards  the  surface 
of  the  convolution  and  is  drawn  out  into  a  long,  tapering,  apical,  dendritic  process ;  its 
base  is  turned  towards  the  medullary  centre  of  the  gyrus,  and  from  this  (usually  from  the 
centre)  a  slender  axon  proceeds.  Nvimerous  lateral  dendrites  are  given  off  from  both  sides 
of  the  cell-body,  and  particularly  from  the  two  basal  corners.  The  apical  dendrite  varies  in 
length,  according  to  the  depth  at  which  the  cell  is  placed.  In  every  case  it  passes  straight 
towards  the  surface  of  the  convolution.  Every  here  and  there  fine  lateral  branches  come 
off  from  it,  and  idtimately  it  enters  the  stratum  zonale,  where,  close  to  the  surface,  it  ends 
by  breaking  up  into  a  large  number  of  fine  terminal  filaments,  which  spread  out  horizon- 
tally in  every  direction  and  interlace  closely  with  the  corresponding  filaments  of  other 
pyramidal  cells  and  with  the  other  elements  of  this  layer. 

The  axon  of  the  cell  descends,  gives  off  collaterals,  assumes  a  medullary  sheath,  and 
enters  the  central  white  core  of  the  gyrus  as  a  nerve  fibre. 
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The  stratum  zonale  is  chiefly  composed  of  fibres  which  run  in  a  tangential  direction,  or, 
in  other  words,  parallel  to  the  surface.  These  form  an  interlacement  of  considerable  density 
and  extreme  complexity.  The  elements  which  for  the  most  part  enter  into  the  formation 
of  this  feltwork  are  :  (1)  the  terminal  filaments  of  the  apical  dendrites  of  the  pyramidal 

cells;  (2)  the  terminal 
filaments  of  certain  corti- 
cipetal  fibres,  which  enter 
the  cortex  from  the  white 
centre  of  the  gyrus  ;  (3)  the 
axons  of  certain  small  cells 
peculiar  to  this  stratum ;  (4) 
the  axons  of  the  cells  of 
Martinotti.  Spread  over 
the  surface  of  this  tan- 
gential interlacement  of 
fibres,  which  constitutes  the 
most  imj^ortant  part  of  the 
stratum  zonale,  there  is  a 
thin  layerof  neurogliawhich 
intervenes  between  it  and 
the  pia  mater,  which  covers 
the  convolution.  The 
stratum  zonale  is  not  devoid 
of  nerve-cells,  although 
these  are  small  and  some- 
what indefinite  in  their  con- 
nexions. The  most  char- 
acteristic form  is  a  small 
fusiform  cell  described  hx 
Cajal,  which  sends  out  from 
either  end  a  long  process 
and  which  lies  in  the  deeper 
part  of  the  layer.  The 
long  filamentous  processes 
of.  this  cell  thread  their  way 
between  the  other  fibres  in 
a  tangential  direction  and 
give  oft'  minute  branches 
which  pass  towards  the 
surface. 

The  deepest  layer  of  the 
cortex  contains  the  poly- 
morphic cells.  These  cells 
are  not  large,  and  they 
present  many  difi'erent 
forms.  Numerous  dendrites 
proceed  from  the  cells  of 
this  group,  but  none  of  these 
reach  the  stratum  zonale, 
and  in  this  respect  the 
polymorphic  cells  ofter  a  marked  contrast  to  the  pyramidal  cells.  The  axons  of  the 
polymorphic  cells,  however,  like  those  of  the  pyramidal  cells,  enter  the  white  centi'c  of 
the  gyrus  in  tlie  shape  of  nerve-fibres. 

In  addition  to  the  cells  characteristic  of  the  several  layers,  there  are  two  which  may 
be  found  amongst  the  pyramidal  or  amongst  the  polymorphic  cells.  These  are  :  (1)  the  cells 
of  Golgi  ;  (2)  the  cells  of  Martinotti. 

A  cell  of  Golgi  has  this  peculiarity — that  its  axon,  close  to  its  origin,  begins  to  divide, 
and  very  soon  loses  its  individuality  by  breaking  up  into  a  perfect  maze  of  branches, 
none  of  which  pass  far  from  the  neighbourhood  of  the  cell-body  and  none  of  which  enter 
the  stratum  zonale. 

The  cell  of  Martinotti  is  small  and  is  chiefly  found  in  the  deeper  part  of  the  cortex. 
Its  leading  peculiarity  is,  that  its  slender  axon  runs  in  a  contrary  direction  to  the  axons  of 
the  pyramidal  cells  and  of  the  polymorphic  cells.    In  other  words,  it  proceeds  towards  the 
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Fk!.  405. — DiAiiRAM  TO  Illustuatk  Minute  Structure  of  the 
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surface,  and,  entering  into  the  stratum  zonale,  divides  into  terminal  filaments,  which  spread 
out  in  the  tangential  interlacement  characteristic  of  this  layer. 

Nerve  Fibres. — The  arrangement  of  the  nerve-fibres  can  best  be  studied  in  vertical 
sections  through  the  gray  cortex,  which  have  been  specially  treated  with  this  end  in 
view.  In  such  preparations  bundles  of  nerve-fibres  are  seen  to  radiate  into  the  gray 
cortex  from  the  surface  of  the  white  centre  of  the  gyrus.  As  these  pi'oceed  through  the 
polymorphic  layer  into  the  layer  of  large  jjyramidal  cells,  they  gradually  become  less 
distinct,  and,  finally,  they  disperse  and  are  lost  to  view  before  they  reach  the  layer  of 
small  pyramidal  cells.  In  the  intervals  between  the  radiating  bundles  the  polymorphic 
and  large  pyramidal  cells  are  arranged  in  columns,  and  in  the  same  intervals  an  open 
feltwork  of  intercrossing  fibres  is  evident.  After  the  radiating  fibre-bundles  have  dis- 
appeared the  same  feltwork  of  fibres  is  visible  in  the  gray  matter,  and  consequently  it  is 
convenient  to  distinguish,  wath  Edinger,  an  inter-radial  feltwork  and  a  supra-radial  felt- 
work of  fibres  in  the  cortex.  The  fibres  which  enter  into  the  composition  of  the  different 
radial  bundles  vary  in  number  from  ten  to  twenty,  and  they  gradually  diminish  in  number 
as  they  proceed  onwards.  This  diminution  is  due  to  their  joining  the  various  cells  that 
they  meet  (both  polymorphic  and  pyramidal)  as  their  axons.  The  fibres  in  a  given  bundle 
also  vary  much  in  size,  and  it  may  be  noticed  that  the  largest  fibres  disappear  in  the 
vicinity  of  the  large  pyramidal  cells,  which  shows  clearly  that  it  is  with  these  that  they 
are  connected.  But,  in  addition  to  cell-axons,  the  radial  bundles  contain  fibres  of  an 
altogether  difi^erent  type,  viz.  corticipetal  fibres,  which  pass  through  all  the  layers  of  the 
cortex  and  end  in  fine  terminal  filaments  in  the  tangential  interlacement  of  the  stratum 
zonale. 

The  inter-radial  and  supra-radial  feltwork  is  largely  formed  of  the  collaterals  which 
issue  from  the  axons.  By  a  condensation  of  this  feltwork  the  two  bands  of  Baillarger  are 
formed.  The  outer  band,  which  is  the  broader  and  better  marked,  occurs  in  the  deeper 
part  of  the  layer  of  the  large  pyranndal  cells.  The  inner  band,  when  present,  is  formed 
in  the  superficial  part  of  the  layer  of  polymorphic  cells. 

Another  condensation  of  the  fibre-feltwork  in  the  superficial  part  of  the  supra-radial 
region  may  be  noted  in  certain  localities.    This  is  termed  the  band  of  Bechterew. 

It  has  been  noted  that  up  to  a  certain  point  the  tangential  fibres  increase  in  quantity 
as  age  advances,  and  there  is  reason  to  believe  that  upon  the  richness  with  which  the 
gray  cortex  is  supplied  with  fibres — more  especially  of 
the  tangential  variety — depends  to  some  extent  the 
intellectual  capacity  of  an  individual. 

Whilst  the  general  mass  of  the  cortex  for  the  most 
part  conforms  more  or  less  closely  to  the  ground -type 
described  above,  showing  merely  deviations  characteristic 
of  the  different  regions,  there  is  one  part  of  the  cortex, 
viz.  the  cornu  amnion  is  and  the  fascia  dentata,  in  which 
the  structural  arrangement  of  the  elements  is  very 
markedly  different.  To  some  extent  this  is  due  to  the 
complicated  manner  in  which,  in  this  region,  the  cortex 
is  folded  upon  itself. 

The  Olfact'ory  Tract  and  Bulb. 
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The  olfactory  tract  and  bulb  arise  as  a  hollow  out- 
from  the  jjrimitive  cerebral  vesicle.  In  many 
animals  with  a  well-developed  olfactory  apparatus,  the 
tract  and  bulb  remain  hollow ;  but  in  man  the  central 
cavity  becomes  obliterated,  although  traces  of  the 
original  hollow  persist  in  the  shape  of  ependymal 
remains,  visible  in  the  centre  of  both  tract  and  bulb. 
Outside  these  ependymal  elements  is  a  coating  of 
white  matter,  upon  which  is  laid  the  gray  matter. 
The  gray  matter,  however,  is  by  no  means  uniformly 
distributed  over  the  surface.  In  the  tract,  except 
along  the  dorsal  edge,  it  is  so  thinly  spread  that  it  is 

hardly  appreciable.  In  the  bulb,  on  the  other  hand,  there  is  very  little  gray  matter  on 
the  dorsum,  but  a  considerable  quantity  on  the  ventral  surface  ;  and  it  is  into  this  that 
the  delicate  nerves  which  enter  the  cranium  through  the  cribriform  plate  of  the  ethmoid 
bone  sink.  A  brief  description  of  the  structure  of  this  infrabulbar  mass  of  gray  matter, 
as  well  as  of  the  connexions  established  by  its  elements,  now  becomes  necessary. 
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Fig.  406. — Diagram  of  the  Minute 
Structure  of  the  Olkactory  Bulb. 
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The  fibres  of  the  delicate  olfactory  nerves  are  to  be  regarded  as  the  axons  of  the 
olfactory  cells  of  the  olfactory  mucous  membrane.  They  enter  the  ventral  surface  of  the 
olfactory  bulb,  and  there  each  breaks  up  in  an  arborescent  fashion  into  a  tuft  of  terminal 
filaments.  A  thick  dendrite  from  a  mitral  cell  of  the  bulb  passes  down  towards  this 
terminal  tuft,  and,  coming  into  contact  with  it,  breaks  up  and  terminates  in  a  similar 
manner.  In  this  way  a  large  number  of  globular  bodies,  formed  by  the  arborescent 
terminations  of  a  mitral  dendrite  and  of  certain  olfactory  nerve-fibres,  are  formed.  These 
are  the  olfactory  glomeruli  of  the  bulb.  The  mitral  cells  lie  deeper  in  the  olfactory 
bulb.  Each  gives  off  several  dendrites  and  one  axon.  Only  one  dendrite  enters  into  the 
formation  of  a  glomerulus,  but  several  nerve-fibres  may  be  connected  with  such  a  body. 
It  thus  happens  tliat,  through  its  dendrite,  a  mitral  cell  may  stand  in  connexion  with 
several  olfactory  nerve-fibres.  The  axon  of  the  mitral  cell  passes  upwards  to  the  white 
matter  of  the  bulb,  enters  this,  and  is  conducted  through  the  tract  towards  the  cerebral 
cortex. 

White  Medullary  Centre  of  the  Cerebral  Hemisphere. 

The  white  matter  of  the  hemisphere  which  lies  subjacent  to  the  gray  cortex  is 
composed  of  medullated  nerve-fibres,  arranged  in  a  very  intricate  manner.  Accord- 
ing to  the  connexions  which  they  establish  these  fibres  may  be  classified  into  three 
distinct  groups,  viz.  (1)  commissural  fibres;  (2)  association  fibres;  and  (3)  projec- 
tion fibres. 

Commissural  Fibres. — These  are  fibres  which  link  together  portions  of  the 
gray  cortex  of  opposite  cerebral  hemispheres.  They  are  arranged  in  three  groups 
forming  three  definite  structures,  viz.  the  corpus  callosum,  the  anterior  commissure, 
and  the  psalterium  or  the  hippocampal  commissure. 

The  corpus  callosum  has  in  a  great  measure  been  already  studied  (p.  528).  As 
it  enters  each  hemisphere,  its  fibres  spread  out  in  an  extensive  radiation  (the  radia- 
tion of  the  corpus  callosum).  It  thus  comes  about  that  every  part  of  the  cerebral 
cortex,  with  the  exception  of  the  bulbus  olfactorii  and  the  under  and  fore  part  of 
the  temporal  lobe,  is  reached  by  the  callosal  fibres.  But  it  should  be  clearly  under- 
stood that  all  the  regions  of  the  cortex  do  not  receive  an  equal  proportion  of  fibres ; 
in  other  words,  some  cortical  areas  would  appear  to  be  more  plentifully  supplied 
than  others.  Another  point  of  some  importance  consists  in  the  fact  that  the  callosal 
fibres  do  not,  as  a  rule,  connect  together  symmetrical  portions  of  the  gray  cortex. 
As  the  fibres  cross  the  mesial  plane  they  become  greatly  scattered,  so  that  most 
dissimilar  parts  of  the  cortex  of  opposite  hemispheres  come  to  be  associated  with 
each  other. 

Each  callosal  fibre  arises  in  one  hemisphei'e  and  ends  by  fine  terminal  arborisations 
in  the  cortex  of  the  opposite  hemisphere.  It  may  arise  in  any  one  of  three  ways,  viz. 
'(1)  as  the  axon  of  one  of  the  cortical  cells,  either  pyramidal  or  polymoVphic ;  (2)  as  the 
collateral  of  a  fibre  of  association ;  (3)  as  the  collateral  of  a  fibre  of  projection. 

Many  cases  have  been  recorded  in  which,  through  congenital  defect,  the  corpus 
callosum  has  not  been  developed.  In  the  description  of  this  structure  on  p.  528  attention 
has  been  called  to  a  layer  of  callosal  fibres  which  sweep  over  the  j^osterior  and  descending 
horns  of  the  lateral  ventricle,  so  as  to  form  the  immediate  outer  wall  of  the  cavity.  This 
layer  is  called  the  tapetum,  and  it  has  been  stated  that  when  the  corpus  callosum  is 
absent  the  tapetum  is  found  in  a  well-developed  condition.  Further,  it  has  been  asserted 
that  in  cases  where  the  coi'pus  callosum  has  been  experimentally  destroyed  the  tapetum 
suffered  no  degeneration  (Muratoff).  Certain  anatomists  are,  therefore,  inclined  to  argue 
that  the  tapetum  has  little  or  no  connexion  with  the  corpus  callosum.  This  assertion, 
however,  cannot  by  any  means  be  regarded  as  being  proved.  There  is  a  large  amount  of 
evidence  on  the  other  side.  Thus,  Mingazzini  has  seen  a  case  of  failure  of  the  corpus 
callosuni  which  was  accompanied  by  a  corresponding  defect  in  the  tapetum,  whilst  soften- 
ing of  the  splenium  and  the  forceps  major  has  been  observed  by  Anton  to  be  accompanied 
by  a  secondary  degeneration  of  the  tapetum.  Further,  the  recent  experimental  evidence 
of  Ferrier  and  Turner  would  appear  to  support  the  older  view  that  the  tapetum  is  associated 
in  the  closest  manner  with  the  corpus  callosum. 

The  anterior  commissure  (commissura  anterior)  is  a  structure  supplemental  to 
the  corpus  callosum.  It  connects  together  the  two  olfactory  lobes,  and  also  portions 
of  opposite  temporal  lobes.    It  presents  a  cord-like  appearance  and  is  arranged  in 
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the  form  of  a  horse-shoe,  the  concavity  of  v^^hich  looks  backwards.  The  middle  free 
portion  is  placed  immediately  in  front  of  the  anterior  pillars  of  the  fornix  as  they 
curve  dovi^nwards,  and  also  in  intimate  relation  to  the  anterior  end  of  the  third 
ventricle.  Posteriorly,  the  small  portion  of  the  anterior  commissure  which  appears 
in  the  ventricle  between  the  two  pillars  of  the  fornix  is  clothed  with  the  ventricular 
ependyma ;  anteriorly,  the  commissure  is  connected  with  the  lamina  cinerea  as  it 
stretches  from  the  optic  chiasma  upwards  towards  the  rostrum  of  the  corpus 
callosum. 

The  lateral  part  of  the  anterior  commissure  penetrates  the  cerebral  hemisphere, 
and,  gaining  the  lower  part  of  the  internal  capsule,  divides  into  two  portions,  viz. 
a  small  lower  olfactory  part  and  a  much  larger  temporal  part. 

The  olfactory  portion  of  the  anterior  commissure  is  an  exceedingly  small  fasci- 
culus. It  passes  downwards  and  forwards,  and  finally  enters  the  olfactory  tract. 
It  is  composed  (1)  of  true  commissural  fibres,  which  bind  one  olfactory  bulb  to  the 
other  ;  and  (2)  of  other  fibres,  which  connect  the  olfactory  bulb  of  one  side  with  the 
temporal  lobe  of  the  other  side. 

Ventricle  V.  Corpus  callosum 


Fig.  407. — Two  Coronal  Sectioxs  through  the  Cerebral  Hemispheres  of  an  Orang,  in  the  Plane 
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A,  Section  through  the  left  hemisphere  iu  a  plane  a  short  distance  behind  B,  which  is  a  section  through  the 

right  hemispliere. 


The  temporal  portion  is  formed  of  almost  the  whole  of  the  fibres  of  the  com- 
missure. It  is  carried  transversely  outwards,  under  the  lenticular  nucleus,  until  it 
gains  the  interval  between  the  globus  pallidus  and  the  putamen.  At  this  point  it 
changes  its  direction  and  sweeps  backwards.  In  coronal  sections  through  the 
brain,  behind  this  bend,  the  temporal  portion  of  the  anterior  commissure  appears  as 
an  oval  bundle  of  fibres  cut  transversely  and  placed  in  close  contact  with  the  under 
surface  of  the  lenticular  nucleus  (Fig.  403,  p.  540).  Finally,  it  turns  sharply  down- 
wards on  the  outer  aspect  of  the  amygdaloid  nucleus,  and  its  fibres  are  lost  in  the  white 
medullary  centre  of  the  temporal  lobe.  The  precise  part  of  the  cerebral  cortex  with 
which  these  fibres  stand  in  connexion  is  not  known.  When  the  lateral  part  of  the 
anterior  commissure  is  displayed  by  dissection,  it  is  seen  to  be  twisted  like  a  rope. 

The  psalterium,  or  the  Mppocampal  commissure,  is  composed  of  fibres  which  con- 
nect the  cornu  ammonis  of  one  side  with  the  corresponding  structure  of  the  opposite 
side.    It  is  described  on  page  531. 

Association  Fibres. — The  association  fibres  bind  together  different  portions  of 
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the  cortex  of  tlie  same  heiuis])here.  They  are  ,L>roupecl  into  long  and  short  associa- 
tion bundles. 

The  greater  number  of  the  short  association  fibres  ])ass  between  adjacent 
convolutions.  They  curve  round  the  l)ottom  of  the  sulci  in  U-shaped  loops.  Some 
of  these  occupy  the  deepest  part  of  the  gray  cortex  itself,  and  are  termed  intracortical 
association  ^fibres  (Fig.  40;!,  p.  044);  others  lie  immediately  subjacent  to  the  gray 
mxtter — between  it  and  the  general  mass  of  the  white  matter — and  receive  the 
name  of  subcortical  fibres.  Many  groups  of  short  association  fibres,  instead  of  linking 
together  contiguous  convolutions,  pass  between  gyri  more  or  less  remote.  It  is  only 
after  birth,  when  intellectual  effort  and  education  have  stimulated  different  portions 
of  the  cortex  to  act  in  harmony  and  in  conjunction  with  each  other,  that  these 
association  fil)res  assume  their  sheaths  of  medulla  and  Ijecome  functional. 

The  long  association  fibres  are  arranged  in  bundles  which  run  for  considerable 
distances  within  the  white  medullary  centre  of  the  cerebral  hemisphere,  and  unite 
districts  of  gray  cortex  which  may  be  far  removed  from  each  other.  The  better 
known  of  these  fasciculi  are  the  following:  (1)  the  uncinate;  (2)  the  cingulum ; 
(3)  the  superior  longitudinal ;  (4)  the  inferior  longitudinal ;  (o)  the  occipito-frontal. 

The  fasciculus  uncinatus  is  composed  of  fibres  which  arch  over  the  stem  of  the 
Sylvian  fissure  and  connect  the  frontal  pole,  and  the  orbital  convolutions  of  the 
frontal  lobe,  with  the  front  portion  of  the  temporal  lobe. 

The  cingulum  is  a  very  well-marked  and  distinct  band,  wliich  is  closely  associated 
with  tlie  linil)ic  lobe.  Beginning  in  front,  in  the  region  of  the  anterior  perforated 
spot,  it  arches  round  the  genu  of  the  corpus  callosum  and  is  carried  backwards  on 
the  upper  surface  of  this  structure  at  the  place  where  its  fibres  ■i)ass  into  the 


FK!.  408. — DlAClRAM  OF  THE  LEADINC  ASSOCIATION  BUNDLES  OF  THE  CeREBRAI.  HEMISPHERE. 

(Founded  on  the  drawings  of  Di'jerine.) 
A.  Otitei'  aspect  of  hendspbere.  H.  Inner  aspect  nf  hemisphere. 


callosal  radiation.  The  cingulum,  therefore,  lies  under  cover  of  the  callosal  gyrus 
and  stands  in  intimate  relation  to  the  white  centre  of  this  convolution  (Fig.  392, 
p.  529).  At  the  hinder  end  of  the  corpus  callosum  the  cingulum  turns  round 
the  splenium  and  is  carried  forwards,  in  relation  to  the  hippocampal  gyrus,  to  the 
uncus  and  the  temporal  pole.  The  cingulum  is  composed  of  several  systems  of 
fibres  which  only  run  for  short  distances  within  it. 

Tlie  fasciculus  longitudinalis  superior  is  an  arcuate  bundle  which  is  placed  on  the 
outer  aspect  of  the  foot  or  basal  part  of  the  corona  radiata  and  connects  the  frontal, 
occipital,  and  temporal  regions  of  the  hemisphere.  It  lies  in  the  base  of  the  fronto- 
parietal operculum  and  sweeps  backwards  over  the  insular  region  to  the  posterior 
end  of  the  Sylvian  fissure.  Here  it  bends  downwards  round  the  hinder  end  of  the 
putamen  and  proceeds  forwards  in  the  temporal  lobe,  to  reach  its  anterior  extremity. 
As  it  turns  downwards  to  reach  the  temporal  lobe  numerous  filires  radiate  from  it 
into  the  occipital  lobe. 

The  fasciculus  longitudinalis  inferior  is  a  very  conspicuous  bundle  which  extends 
along  the  whole  length  of  the  occipital  and  temporal  lobes  (Fig.  392,  p.  529).  In  the 
occipital  lobe  it  is  placed  on  the  outer  aspect  of  the  optic  radiation,  which  takes  a  similar 
direction  and  from  which  it  is  distinguished  by  the  greater  coarseness  of  its  fibres 
(Figs.  397,  p.  535;  400,  p.  538;  409,  p.  550).  It  is  not  present  in  the  macaque 
monkey  (Ferrier  and  Turner),  but  is  well  developed  in  the  orang  and  the  chimpanzee. 
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Tlie  fasciculus  occipito-frontalis  is  a  bundle  of  fibres  which  runs  in  a  sagittal  direction 
in  intimate  relation  to  the  lateral  ventricle  (Fig.  403,  p.  540).  It  has  been  pointed  out 
(Forel,  Onufrowicz,  and  others)  that,  in  cases  where  the  corpus  callosum  fails  to  develop, 
the  tapetum  remains  apparently  unaffected,  and  Dejerine  has  endeavoiired  to  prove  that 
the  fibres  of  this  layer  really  belong  to  the  fasciculus  occipito-frontalis.  According  to 
Dejerine,  the  fasciculus  occipito-frontalis  lies  on  the  inner  aspect  of  the  corona  radiata  in 
intimate  relation  to  the  caudate  nucleus,  and  posteriorly  it  spreads  out  over  the  upper 
and  outer  aspect  of  the  lateral  ventricle,  immediately  outside  the  ependyma,  where 
it  constitutes  the  tapetum  (see  p.  546).  There  is  a  considerable  amount  of  literature 
dealing  with  this  subject,  and  the  most  probable  explanation  of  the  difficulty  would 
appear  to  be  that  the  tapetum  is  composed  of  fibres  derived  from  both  the  corpus 
callosum  and  the  fasciculus  occipito-frontalis  of  Dejerine. 

Projection  Fibres. — The  projection  fibres  are  those  which  connect  the  cerebral 
cortex  with  nuclear  masses  placed  at  a  lower  level.  The  great  bulk  of  these  fibres 
are  found  in  the  corona  radiata.  This  has  already  been  seen  to  be  formed  by  the 
continuation  upwards  of  the  internal  capsule  (p.  542).  In  the  corona  radiata  the 
fibres  which,  lower  down,  are  gathered  together  in  the  compact  mass  which  con- 
stitutes the  internal  capsule,  radiate  in  every  direction,  intersect  the  radiation  of 
the  corpus  callosum,  and  finally  reach  every  region  of  the  cortex.  Although  the 
fibres  of  the  corona  radiata  represent  the  chief  bulk  of  the  projection  fibres,  it  should 
also  be  borne  in  mind  that  a  certain  number  gain  the  cortex  by  a  different  route, 
notably  through  and  under  the  lenticular  nucleus  and  by  the  path  offered  by  the 
external  capsule. 

The  projection  fibres  of  the  cerebral  hemisphere  may  be  classified  into  (1) 
corticipetal,  and  (2)  corticifugal  groups ;  and  under  these  headings  the  following 
great  strands  may  be  arranged  : — 

Corticipetal  Projection  Strands.  Corticifugal  Projection  Strands. 

1.  Thalaiao-coi'tical.  1.  The  pyramidal  or  great  motor  tract. 

'2.  The  fillet  system  of  fibres.  -2.  Tlie  fronto-pontine  .strand. 

3.  The  suj)erior  cerebellar  peduncle.  3.  The  temporo-pontine  strand. 

4.  Corticipetal  filires  of  the  optic  radiation.  4.  Tlie  corticifugal  fibres  of  the  0})tit'  radia- 

5.  The  auditory  radiatif)ii.  ,  tion. 

The  great  motor  or  pyramidal  tract  is  composed  of  fibres  whicli  arise  from  pyramidal 
cells  in  that  portion  of  the  cortex  which  is  spread  over  the  Rolandic  area,  or,  in 
other  words,  in  the  district  immediately  in  front  of  and  immediately  behind  the  fissure 
of  Rolando.  The  fibres  descend  through  the  corona  radiata  into  the  posterior  limb 
of  the  internal  capsule.  From  this  point  the  further  course  of  the  pyramidal  tract 
has  Ijeen  traced,  viz.  through  the  central  part  of  the  crusta  of  the  crus  cerebri,  the 
ventral  part  of  the  pons,  and  the  pyramid  of  the  medulla  oblongata.  At  the  level  of 
the  foramen  magnum  it  decussates  in  the  manner  already  described  and  enters  the 
spinal  cord  as  the  crossed  and  direct  pyramidal  tracts.  The  fibres  composing  these 
end  in  connexion  with  the  ventral  or  motor  column  of  cells,  from  which  the  fibres 
of  the  anterior  roots  of  the  spinal  nerves  arise. 

The  fronto-pontine  strand  is  composed  of  fibres  which  arise  as  the  axons  of  the 
cells  in  the  cortex  which  covers  the  portion  of  the  frontal  lobe,  which  lies  in  front  of 
the  prajcentral  furrows.  It  descends  in  the  anterior  limb  of  the  internal  capsule, 
enters  the  mesial  part  of  tlie  crusta  of  the  crus  cerebri,  through  which  it  gains  the 
ventral  part  of  the  pons.  In  this  its  filjres  end,  by  forming  arborisations  around  the 
cells  of  the  nucleus  pontis. 

The  temporo-pontine  tract  consists  of  fibres  which  spring  from  the  cells  of  that 
part  of  the  cortex  which  covers  the  middle  portions  of  the  two  upper  temporal  con- 
volutions. It  probably  represents  a  corticifugal  tract  belonging  to  the  auditory 
system,  seeing  that  it  springs  to  some  extent  from  the  auditory  cortical  area.  The 
temporo-pontine  tract  passes  inwards  under  the  nucleus  lenticularis,  enters  the 
retrolenticular  part  of  the  hinder  limb  of  the  internal  capsule,  and  thus  gains  the 
outer  part  of  the  crusta  of  the  crus  cerebri.  From  this  it  descends  into  the  ventral 
part  of  the  pons,  in  which  it  ends  in  the  nucleus  pontis. 

The  optic  radiation  forms  a  very  definite  and  easily  demonstrated  tract  of 
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longitudinally-directed  fibres  in  the  white  medullary  centre  of  the  occipital  lobe. 
It  lies  on  the  outer  side  of  the  ventricular  cavity,  from  which  it  is  separated  by  the 
fibres  of  the  tapetum  and  the  ependyma  of  the  ventricle  (Figs.  397,  p.  535  ;  and  400, 
p.  538).  To  the  outer  side  of,  and  applied  closely  to,  the  optic  radiation  is  another 
longitudinal  tract  of  fibres  in  this  part  of  the  medullary  centre  of  the  cerebral  hemi- 
sphere, viz.  the  inferior  longitudinal  association  Imndle ;  but  the  fibres  of  the  latter 
fasciculus  are  coarser  and  are  stained  more  deeply  by  the  Pal-Weigert  method,  and 
thus  they  can,  as  a  rule,  be  easily  distinguished  from  the  optic  radiation.  Traced^ 
in  a  backward  direction,  the  fibres  of  the  optic  radiation  disperse  and  pass  to  the 
cortex  of  the  occipital  lobe  ou  both  its  mesial  and  outer  aspects.  This  is  a  matter 
of  interest,  seeing  that  the  visual  centre  is  placed  in  this  cortical  district,  and  more 
particularly  on  the  mesial  aspect  in  the  immediate  neighbourhood  of  the  calcarine 
fissure  (Flechsig  and  Henschen).    When  the  optic  radiation  is  followed  in  a  forward 
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Fig.  409. — Coronal  Section  through  the  Left  Side  of  the  Cerebkum,  Mesencephalon,  and  Pons, 
IN  THE  Region  op  the  Pdlvinar  of  the  Thalamus  and  the  Corpora  Geniculata  (Chimpanzee  ; 
Weigert-Pal  sijecinien). 

direction  it  is  seen  to  enter  the  retrolenticular  part  of  the  posterior  limb  of  the 
internal  capsule,  from  whence  its  fibres  pass  to  the  pulvinar  of  the  optic  thalamus, 
to  the  corpus  geniculatum  externum  and  the  superior  quadrigeminal  body. 

As  we  have  noted,  the  optic  radiation  is  composed  partly  of  corticifugal  and 
partly  of  corticipetal  fibres  (p.  511).  The  former  arise  from  cells  in  the  occipital 
cortex  and  end  in  the  pulvinar  and  the  superior  quadrigeminal  body ;  the  cortici- 
petal fibres  arise  in  the  pulvinar  and  in  the  corpus  geniculatum  externum  and 
end  in  the  occipital  cortex  (Ferrier  and  Turner). 

The  system  of  fibres  which  belong  to  the  mesial  fillet  and  the  superior  cerebellar 
peduncle  have  been  already  more  or  less  fully  dealt  with  (pp.  494  and  497).  The  fillet 
system  represents  the  continuation  upwards  of  the  posterior  columns  of  the  cord. 
The  first  nuclear  internodes  in  the  system  are  met  with  in  the  medulla  in  the  shape  of 
the  cuneate  and  gracile  nuclei.  It  is  here  that  the  fillet  first  takes  definite  shape,  and, 
as  it  passes  upwards  through  the  tegmental  part  of  the  medulla  and  pons,  it  receives 
many  additions  to  its  strength  in  the  form  of  fibres  from  the  nuclei  of  termination 
of  the  afferent  cranial  nerves.  Finally,  passing  through  the  tegmentum  of  the 
mesencephalon,  it  reaches  the  subthalamic  region  and  enters  the  ventral  aspect  of 
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the  thalamus.  This  may  be  looked  upon  as  being  the  second  internode  laid  across 
the  path  of  the  fillet,  and  many  of  its  fibres  end  in  arborisations  around  the  thalamic 
cells.  Still,  it  is  probable  that  a  proportion  find  their  way  directly  through  the 
thalamiis,  and,  gaining  the  hinder  limb  of  the  internal  capsule,  they  are  carried  up 
through  the  corona  radiata  to  end  in  the  Rolandic  area,  and  more  particularly  in 
the  posterior  central  convolution. 

The  fibres  of  the  superior  cerebellar  peduncle  encounter  two  nuclear  internodes  as 
they  pass  towards  the  cerebral  cortex,  viz.  the  red  tegmental  nucleus  and  the  optic 
thalamus  (p.  494).  As  in  the  case  of  the  fillet,  however,  it  is  believed  that  many 
of  the  fibres  gain  the  internal  capsule,  and,  without  break  or  interruption,  proceed  up 
through  the  corona  radiata,  to  end  in  the  cortex  of  the  Rolandic  area. 

The  fibres  of  the  auditory  radiation  arise  as  the  axons  of  cells  situated  in  the 
internal  geniculate  body.  They  enter  the  retrolenticular  part  of  the  posterior  limb 
of  the  internal  capsule  and  proceed  under  the  lenticular  nucleus  towards  the 
temporal  lobe.  Here  they  end  in  the  area  of  cortex  which  constitutes  the  auditory 
centre.  This  corresponds  to  the  middle  portion  of  the  superior  temporal  convolu- 
tion, and  also  to  the  rudimentary  transverse  gyri  of  Heschl,  which  are  present  on 
the  insular  surface  of  the  temporal  operculum. 

The  thalamo-cortical  system  includes  the  fibres  which  arise  within  the  thalamus 
and  which  proceed  to  all  parts  of  the  cortex.  They  are  sufficiently  described 
at  p.  504. 

The  remarkable  researches  of  Flechsig  have  added  greatly  to  our  knowledge  of  the  different 
tracts  of  fibres  in  the  cerebral  hemisphere.  By  studying  the  periods  at  which  these  tracts 
myelinate  he  has  been  able  to  note  the  manner  in  which  the  different  areas  of  the  cortex  are 
bound  together  and  also  linked  on  to  subjacent  centres.  He  has  arrived  at  a  completely  new  and 
highly  important  conception  regarding  the  functional  value  of  different  districts  of  the  cortex, 
founded  upon  their  anatomical  connexions.  He  recognises  four  sense  areas  in  the  cortex,  viz.  the 
somtesthetic  area,  the  visual  area,  the  auditory  area,  and  the  olfactory  area. 

The  somaesthetic  area  is  the  field  of  general  sensibility  and  is  the  most  extensive  of  all.  It 
includes  the  two  central  convolutions,  the  posterior  portions  of  the  three  frontal  convolutions,  the 
•paracentral  convolution,  and  tlie  adjoining  part  of  the  callosal  convolution. 

The  visual  area  is  jjlaced  on  the  inner  aspect  of  the  occipital  lobe,  and  more  particularly  in 
the  immediate  neighbourhood  of  the  calcarine  fissure. 

The  auditory  area  corresponds  to  the  middle  third  of  the  superior  temporal  convolution 
and  to  the  transverse  gyri  of  Heschl. 

The  olfactory  area  includes  the  locus  perforatus  anticus,  the  trigonum  olfactorium,  the 
anterior  part  of  the  callosal  convolution,  and  the  uncus. 

These  sense  areas  are  peculiarly  rich  in  their  supply  of  projection  fibres,  and  eacli  is  provided 
with  an  extensive  system  of  both  corticifugal  and  corticipetal  fibres.    Thus  the  somiesthetic  area 


Fig.  410. — Diagrams  to  show  Flechsig's  sensory  and  association  areas  on  the  .surface  of  the  cerebral 

hemisphere. 

is  the  field  where  the  motor  pyramidal  tract  takes  origin  and  within  which  the  tracts  of  general 
sensibility  end.  The  visual  area  has  the  corticipetal  and  corticifugal  fibres  of  the  optic  radiation. 
The  auditory  area  has  the  corticipetal  auditory  radiation  and  also  the  corticifugal  temporo- 
pontine tract.  In  man  the  olfactory  area  is  feebly  developed,  and  Flechsig  has  not  yet  been  able 
to  establish,  with  certainty,  its  corticipetal  and  corticifugal  projection  tracts. 

The  sense  areas  differ  greatly  from  each  other  in  the  extent  of  cerebral  surface  which  they 
cover.  The  size  in  each  case  is  in  strict  conformity  with  the  peripheral  area  with  which  each  is 
in  connexion.  It  can  easily  be  understood,  therefore,  how  the  somsesthetic  area,  representing  as 
it  does  on  the  cortex  all  the  parts  of  the  body  outside  the  special  organs  of  sense,  from  which 
sensory  nerves  proceed,  should  be  so  large.  Further,  it  is  manifest  why  the  visual  sensorial  area, 
35  a 
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which  in  the  cortex  is  the  corresponding  part  to  the  retina,  should  be  of  greater  extent  than  the 
auditory  field,  which  represents  the  cochlea,  and  the  olfactory  area,  which  represents  a  small 
amount  of  olfactory  mucous  membrane  in  the  nasal  chamber. 

The  four  sensorial  areas,  taken  together,  only  form  about  one-third  of  the  entii'e  cerebral 
surface.  The  remaining  two-thirds  of  the  cortex  constitute  what  Flechsig  has  termed  the 
association  centres.  The  great  extent  of  these  in  man  must  be  regarded  as  a  special  human 
characteristic.  These  centres  differ  from  the  sensorial  areas  in  being  exceedingly  poorly  pro- 
vided with  projection  fibres.  They  have  little  direct  connexion  with  the  centres  which  lie  at 
a  lower  level.  Indeed,  the  only  direct  bond  of  union  over  a  very  large  extent  of  these  association 
areas  with  lower  centres  consists  of  tlie  thalamo-cortical  fibres,  which  pass  to  them  from  the 
thalamus.  But,  on  the  other  hand,  they  are  rich  in  association  fibres,  and  are  linked  in  the  most 
complete  and  perfect  manner  by  these  fibres  to  the  sensorial  areas. 

Flechsig  regards  these  association  areas  as  constituting  the  portions  of  cortex  in  which  the 
higher  intellectual  activities  are  carried  on,  and  he  further  believes  that  they  exercise  an 
important  controlling  influence  over  the  sense  areas.  More  particularly  is  this  control  exhibited 
in  the  case  of  tlie  great  somaesthetic  area  within  which  the  influence  of  all  bodily  impressions  is 
received  and  transformed  into  consciousness,  and  within  which  the  impulses  which  are  thereby 
excited  take  definite  form.  These  impulses,  according  to  Flechsig,  are,  in  a  measure,  in  all 
properly-balanced  minds,  held  in  subjection  by  the  higher  feelings,  which  assume  shape  in  the 
association  centres. 

In  his  study  of  the  foetal  and  infantile  brain  Flechsig  has  shown  that  the  fibres  of  the  sensory 
paths  Ijecome  medullated  in  tlie  first  instance ;  then  the  corticifugal  fibres  which  go  out  from  the 
sense  areas  assume  their  sheaths  of  myelin  ;  and,  further,  that  it  is  not  until  a  month  after  birth, 
and  after  the  projection  fibres  in  connexion  with  the  sense  areas  are  myelinated,  that  the  associa- 
tion areas  become  linked  on  by  medullated  association  fibres  with  the  sense  areas. 

Development  of  the  Parts  derived  from  the  Fore-brain. 

It  has  been  previously  noted  that  the  fore-brain  very  early  sliovvs  an  obscure  sub- 
division into  a  front  portion,  termed  the  telenceplialou,  and  a  hinder  jjart,  called  the 
diencephalon,  which  corresponds  moi'e  nearly  to  the  original  cavity  of  the  fore-brain. 
The' cavity  of  third  A^entricle  is  derived  from  both,  and  stretches  forwards,  therefore,  to 
the  lamina  terminalis,  which  in  its  lower  part  is  represented  in  the  adult  by  the  lamina 
cinerea. 

The  lateral  wall  of  both  sections  of  the  primitive  fore-brain  shows  very  distinctly  the 
subdivision  into  a  dorsal  or  alar  and  a  ventral  or  basal  lamina.  The  groove  which 
indicates  this  separation  is  the  sulcus  of  Monro,  and  is  evident  even  in  the  adult  brain. 

Alar  Lamina. — The  alar  part  of  the  lateral  wall  of  the  telencephalon  is  pushed  out 
to  form  the  divertictilum,  which  ultimately  constitutes  the  cerebral  hemisphere,  and  thus 
from  a  very  early  period  the  primitive  position  of  this  part  of  the  latei'al  wall  is  indicated 
by  the  wide  foramen  of  Monro,  or  aperture  of  commvmication  between  the  cavity  of  the 
cei'ebral  hemisphere  and  the  third  ventricle. 

The  alar  part  of  the  lateral  wall  of  the  diencejjhahm  is  utilised  for  the  development  of 
the  thalamus,  the  epithalamus,  and  the  metathalamus.  Of  these  the  optic  thalamus  is 
derived  from  the  anterior  and  by  far  the  greatest  part  of  the  alar  wall.  It  arises  as  a 
large  oval  swelling,  which  gradually  approaches  its  fellow  of  the.  opposite  side,  and  thus 
diminishes  the  width  of  the  third  ventricle.  Finally,  the  two  bodies  come  into  contact  in 
the  mesial  plane  and  cohere  over  an  area  corresponding  to  the  gray  commissure.  This 
occurs  about  the  end  of  the  second  month. 

From  that  section  of  the  lateral  wall  to  which  the  name  of  metathalamus  is  given  the 
two  geniculate  bodies  arise.  Each  of  these  shows,  in  the  first  place,  as  a  depression  on 
the  inside,  and  a  slight  elevation  on  the  outside,  of  the  wall  of  the  diencephalon.  As  the 
thalamus  grows  backwards,  it  encroaches  greatly  upon  the  territory  occupied  by  the  geni- 
culate bodies.  It  thus  comes  about  that  in  the  adult  brain  the  internal  geniculate  body 
seems  to  hold  a  position  on  the  lateral  aspect  of  the  mesencephalon,  whilst  the  external 
geniculate  body,  viewed  fi'om  the  surface,  appears  to  be  a  part  of  the  thalamus. 

From  the  epithalamic  region  of  the  wall  of  the  diencephalon  are  developed  the  pineal 
gland,  its  peduncle,  and  the  habenular  region.  These  parts  are  relatively  much  more 
evident  in  the  embryonic  than  in  the  adult  brain.  The  pineal  body  is  developed  as  a 
diverticulum  of  the  posterior  part  of  the  roof  of  the  dienceiaiialon.  Viewed  from  the 
dorsal  aspect  of  the  brain-tube,  this  diverticulum  shows  in  the  first  instance  as  a  I'ounded 
elevation,  from  either  side  of  which  a  broad  ridge  runs  forwards.  This  ridge  becomes 
the  tfenia  thalami,  whilst  in  the  region  of  its  junction  with  the  pineal  elevation  the 
trigonum  habenula;  takes  shape.  The  pineal  diverticulum  ultimately  becomes  solid,  but 
a  small  portion  of  the  original  cavity  is  retained  as  the  recessus  pinealis  of  the  third 
ventricle. 


DEVELOPMENT  OF  PAKTS  DEEIVED  FEOM  FOEE-BEAIN.  553 


Basal  Lamina. — The  part  of  the  dieocephalou  and  telencephalon  which  lies  below 
the  level  of  the  salens  of  Monro  retains  its  primitive  form,  and  nndergoes  only  slight  change. 
Consequently,  when  this  region  in  the  adult  brain  is  compared  with  the  corresponding 
region  in  the  embryonic  brain, 
the  resemblance  between  the 
two  is  very  striking. 

In  the  fore-brain,  therefore, 
it  is  the  alar  lamina  which 
plays  the  predominant  part  in 
the  formation  of  the  cerebrum. 
The  value,  also,  of  the  basal 
part  of  the  wall  of  this  portion 
of  the  neural  tube  is  still 
further  rediiced  by  the  fact 
that  it  no  longer  contains  the 
nuclei  of  origin  of  efferent 
nerves.  The  highest  of  these 
nuclei  (the  oculo-motor)  is 
placed  in  the  mesencephalon. 

The  region  of  the  fore-brain 
which  lies  below  the  sulcus  of 
Monro  is  termed  the  hypo- 
thalamus. The  part  of  this 
which  corresponds  to  the 
diencephalon  is  called  the 
pars  mannnillaris  hypothalami, 
whilst  the  part  in  front, 
which  belongs  to  the  telen- 
cephalon, receives  the  name  of 
pars  optica  hypothalami. 

From  the  pars  mammillaris 
hypothalami  are  derived  the 
corpus  mammillare  and  a 
portion  of  the  tuber  cinereum. 
With  the  pars  optica  hypo- 
thalami are  associated  the 
following  parts,  viz.  the  tuber 
cinereum,  with  the  infundi- 
bulum  and  the  cerebral  part 
of  the  pituitary  body,  the  optic 
chiasma,  the  optic  recess,  and 
the  lamina  cinerea. 

The  corpora  mammillaria 
form,  in  the  first  instance,  a 
relatively  large  downward  bulging  of  the  floor  of  the  brain-tube.  As  development  goes 
on  this  bulging  becomes  relatively  small,  and  about  the  fourth  month  the  single  pro- 
jection becomes  divided  into  the  two  tubercles. 

The  infuudibnlum  and  posterior  or  cerebral  lobe  of  the  pituitary  body  are  developed 
as  a  hollow  downward  diverticulum  of  the  floor  of  the  telencephalon  (p.  508).  A  portion 
of  the  original  cavity  is  retained  in  the  upper  part  of  the  infuudibnlum,  and  constitutes 
the  infundibular  recess  in  the  floor  of  the  third  ventricle. 

The  optic  nerve  is  chiefly  formed  by  the  passage  of  fibres  backwards  from  the  retina 
in  the  wall  of  the  original  optic  stalk,  whilst  the  chiasma  takes  form  by  the  transit  of 
fibres  across  the  middle  line  in  front  of  the  infundibulum  and  behind  the  optic  recess.  To 
a  large  extent  these  fibres  are  derived  from  the  optic  nerve.  The  optic  recess  of  the  third 
ventricle  marks  the  spot  where  the  hollow  optic  vesicle  originally  bulged  out  from  the 
lower  and  lateral  part  of  the  fore-brain,  and  in  the  adult  it  therefore  represents  a  portion 
of  the  primitive  cavity  of  the  tubular  stalk  of  the  optic  vesicle.  In  the  course  of  develop- 
ment the  optic  nerve  fibres,  which  appear  in  the  stalk  of  the  optic  vesicle  to  form  the 
optic  nerve,  seek  an  attachment  much  further  back,  and  through  the  optic  tract  they  are 
even  carried  as  far  as  the  mesencephalon. 

The  roof  of  the  fore-brain  remains  thin,  and  does  not  proceed  to  the  development 
of  nervous  elements,  except  in  its  posterior  part.    Here  it  forms  the  pineal  body  and  the 


Fig.  411.— Two  Drawings  of  the  Embryonic  Brain  (by  His). 

A,  Reconstruction  of  the  fore-brain  and  mid-brain  of  His's  embryo  KG  ; 

profile  view.    B,  Same  brain  as  A,  divided  along  the  mesial  plane 

and  viewed  upon  its  inner  aspect. 
M,  Mammillary  eminence  ;   T.c,  Tuber  cinereum  ;    Hp,  Hypophysis 

(pituitary  diverticulum  from  buccal  cavity)  ;  Opt,  Optic  sialic  ; 

TH,  Optic  thalamus  ;  Tg,  Tegmental  part  of  mesencephalon  ;  P.s, 

Pars  subthalamica  ;  C.s,  Corpus  striatum  ;  F.M,  Foramen  of  Monro  ; 

L,  Lamina  terminalis  ;  R.O,  Recessus  opticus  ;  R.i,  Recessus  infun- 

dibiili. 
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posterior  commissure.  In  front  of  these  structures  the  roof  of  the  fore-brain  is  epithelial, 
and  remains  so  during  life.  It  constitutes  the  epithelial  roof  of  the  third  ventricle,  and 
it  becomes  involuted  along  the  middle  line  into  the  cavity  hy  the  choroid  plexuses  of  the 
ventricle.  The  posterior  commissure  appears  as  a  transverse  thickening  at  the  bottom  of 
a  transverse  groove  which  appears  in  the  roof  of  the  early  brain-tube  behind  the  pineal 
diverticulum. 

Cerebral  Hemisphere. — The  cerebral  hemisphere  is  derived  entirely  from  the  alar 
section  of  the  lateral  wall  of  the  telencephalon.  From  this  it  grows  out  and  soon  assumes 
very  large  dimensions.  At  first  it  grows  forwards  and  upwards,  and  a  distinct  fissure, 
the  early  incisura  longitudinal  is  cerebri,  appears  between  the  cerebral  hemispheres  of 
opposite  sides.  The  separation  of  the  two  cerebral  vesicles  by  the  longitudinal  fissure 
begins  at  the  end  of  the  first  month.    This  fissure  becomes  occupied  by  mesoblastic  tissue, 
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Fig.  412. — Two  Drawings  by  His,  illustrating  tlie  development  of  the  human  brain. 

A,  Median  section  through  a  fcetal  human  brain  in  the  thii'J  mouth  of  development. 

B,  Schema  showing  the  directions  in  which  the  cerebral  hemisphere  expands  during  its  growth. 
P.M.H.  Pars  mammillaris  hypothalami.        M.  Mammillary  region.  0.  Occipital  lobe. 
P.O.H.  Pars  optica  hypotlialami.                F.   Frontal  lobe.                               T.  Temporal  lobe. 

P.  Parietal  lobe. 

which  later  on  forms  the  falx  cerebri.  The  cerebral  hemisphere,  in  its  further  growth,  is 
carried  progressively  backwards  over  the  hinder  parts  of  the  developing  brain.  At  the 
end  of  the  third  month  it  has  covered  the  optic  thalamus.  A  month  later  it  reaches  the 
corpora  quadrigemina,  and  by  the  seventh  month  it  has  not  only  covered  these  but  also 
the  entire  upper  surface  of  the  cerebellum. 

At  the  end  of  the  first  month  the  rhinencephalon  or  nasal  brain  begins  to  be  marked 
ofif  from  the  cerebral  vesicle.  It  is  situated  below  the  cerebral  vesicle,  and  is  joined  to  the 
corresponding  region  of  the  opposite  side  by  the  lamina  cinerea.  Very  soon  the  rhinen- 
cephalon is  divided  by  a  constriction  or  furrow,  termed  by  His  the.  Jissura  prima,  into  an 
anterior  and  a  posterior  part.  From  the  anterior  part  the  olfactory  tract  and  bulb  grows 
out  in  the  form  of  a  hollow  diverticulum,  whilst  the  basal  part  of  the  same  division 
of  the  rhinencephalon  forms  the  olfactory  trigone  and  the  area  of  Broca  (p.  528).  The 
posterior  part  of  the  rhinencephalon  furnishes  the  anterior  perforated  space  and  the  gyrus 
subcallosus. 

In  the  floor  of  the  hollow  cerebral  hemisphere  a  thickening  takes  origin,  and  this 
ultimately  is  developed  into  the  corpus  striatum.  On  the  outer  surface  of  the  vesicle  this 
thickening  is  seen  to  correspond  to  a  depression  which  constitutes  the  early  Sylvian  fossa, 
the  further  development  of  which  is  described  on  p.  515. 

In  the  earlier  stages  of  its  development  the  cerebral  hemisphere  is  a  thin-walled  vesicle 
with  a  relatively  large  cavity,  which  represents  the  primitive  condition  of  the  lateral 
ventricle.  At  first  the  vesicle  is  bean-shaped  and  the  cavity  is  curved.  At  this  stage  the 
outline  is  very  similar  to  that  presented  by  the  cerebral  hemisphere  of  a  quadruped,  and 
there  is  little  or  no  trace  of  an  occipital  lobe  or  of  a  posterior  horn  of  the  lateral  ventricle. 
As  development  goes  on,  however,  the  occipital  portion  of  the  hemis])here  grows  backwards 
over  the  cerebellum  in  the  shape  of  a  hollow  protrusion,  and  a  distinct  occipital  lobe 
enclosing  the  posterior  horn  of  the  lateral  ventricle  is  the  result.  This  developmental 
stage,  which  is  distinctive  of  man  and  the  apes,  begins  about  the  fourth  month. 

On  the  mesial  aspect  of  the  cerebral  hemisphere,  in  the  early  stages  of  its  development, 
an  invagination  of  the  wall  of  the  vesicle  takes  place  into  the  cavity  immediately  above 
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and  behind  the  large  foramen  of  Monro.  This  is  the  choroidal  fissure,  and  the  fold  of  the 
cerebral  wall,  which  is  thus  thrust  into  the  cavity,  remains  thin  and  entirely  epithelial. 
After  a  time  mesoblastic  tissue  from  the  great  longitudinal  fissure  finds  its  way  into  the 
choi-oidal  fissure  and  occupies  the  interval  between  the  two  thin  layers  which  form  the  fold. 
This  mesoblastic  tissue  forms  the  choroid  plexus  of  the  lateral  ventricle,  and  in  the  early 
stages  of  the  hemisphere  it  is  so  voluminous  that  it  fills  up  the  relatively  large  cavity  of 
the  lateral  ventricle. 

Development  of  the  gyri  and  sulci. — From  the  beginning  of  the  third  month  of 
development  to  about  the  end  of  the  fourth  mouth  the  surface  of  the  cerebral  hemisphere 
may  present  a  number  of  linear  and  radially  disposed  fissures  both  upon  its  outer  and  its 
mesial  aspects.  These  are  produced  by  deep  infoldings  of  the  thin  wall  of  the  cerebral 
vesicle,  and,  with  one  or  two  exceptions,  they  entirely  disappear  when  the  fifth  month  of 
development  is  reached.  At  this  period  the  cerebral  surface  again  becomes  smooth. 
They  are  therefore  termed  the  transitory  fissures.  Only  one  permanent  fissure,  viz.  the 
hippocampal,  is  with  any  degree  of  certainty  lineally  connected  with  one  of  these  transitory 
fissures.  Two,  as  a  rule,  occupy  the  ground  which  is  later  on  held  by  the  parieto-occipital 
and  the  calcarine  fissures,  of  which  they  may  be  regarded  as  the  precursors,  but  it  is 
likely  that  in  most  cases  they  are  oblitei-ated  before  their  permanent  successors  appear 
upon  the  stage. 

At  the  time  when  the  transitory  fissures  make  their  appearance,  and  during  the  whole 
period  that  they  exist,  it  is  important  to  note  that  the  outer  surface  of  the  growing  brain 
is  applied  closely  to  the  deep  surface  of  the  enclosing  cranial  capside.  It  therefore  appears 
likely  that  the  infolding  of  the  cerebral  wall,  which  produces  the  transitory  fissures,  is  caused 
by  a  growth  antagonism  between  the  cranium  and  the  enclosed  cerebral  vesicle.  The 
cerebral  vesicle,  growing  more  rapidly  than  the  cranium,  has  to  accommodate  itself  to  the 
restricted  space  in  which  it  is  placed  by  the  infolding  of  its  thin  wall. 

In  an  important  memoir  by  Hoclistetter  the  existence  of  these  transitory  fissures  in  the  brain 
of  the  living  foetus  is  denied.  The  arguments  advanced  in  favour  of  this  view  are  very  striking, 
but  they  do  not  explain  all  the  circumstances  of  the  case. 

After  the  occipital  lobe  is  fully  formed  and  the  fifth  month  is  reached,  all  growth 
antagonism  between  the  cranial  capsule  and  the  enclosed  cerebral  vesicle  ceases.  The 
surface  of  the  cerebral  hemisphere  becomes  smooth,  and  the  cranium,  growing  for  a  time 
more  rapidly  than  the  brain,  leaves  a  relatively  wide  space  between  the  cerebral  surface 
and  the  surrounding  cranial  envelope.  This  is  occupied  by  sodden  subarachnoid  tissue, 
and  when  this  stage  is  reached  (in  the  latter  part  of  the  fifth  month)  the  permanent 
fissures  and  gyri  begin  to  make  their  appearance.  The  incomplete  sulci  owe  their 
origin  to  the  upheaval  of  the  cerebral  cortex  on  either  side  of  the  appearing  fissures, 
and  the  gyri  which  bound  them  are  formed  as  the  result  of  an  exuberance  of  surface 
growth  in  localised  areas.  Owing  to  the  wide  interval  between  the  cranial  wall  and  the 
surface  of  the  cerebral  hemisphere,  the  particular  surface  areas  which  grow  and  foreshadow 
the  future  gyri  suff'er  no  restriction,  and  they  take  the  form  of  rounded  eminences  which 
rise  from  the  general  surface  level  of  the  cerebral  hemisphere.  As  growth  goes  on,  how- 
ever, the  brain  gradually  assumes  a  bulk  more  nearly  in  accord  with  the  cavity  of  the 
cranium,  and  the  space  for  extension  becomes  more  limited.  Finally,  about  the  beginning 
of  the  eighth  month,  the  gyral  elevations  come  into  close  contact  with  the  cranial  wall, 
and  a  second  period  of  growth  antagonism  between  the  brain  and  its  enclosing  capsule  is 
entered  upon.  As  a  result  of  this  the  gyri  are  pressed  together,  the  fissures  assume  more 
definite  shape,  and  the  ordinary  convolutionary  forms  make  their  appearance.  So 
intimate,  indeed,  is  the  contact  between  the  cerebral  hemisphere  and  the  skull  capsule 
that  the  gyri,  to  some  extent,  produce  an  imprint  on  the  deep  aspect  of  the  cranial 
bones. 

As  already  explained,  the  complete  fissures  are  produced  by  an  infolding  of  the  wall 
of  the  cerebral  vesicle.  One  of  these  is  a  transitory  fissure,  viz.  the  external  perpendicular 
fissure  of  Bischoff".  This  differs  from  the  earlier  transitory  fissures  described  above  in  so 
far  that  it  does  not  come  into  view  imtil  the  end  of  the  fifth  month,  when  the  latter  have 
completely  disappeared  (p.  523). 

Cerebral  commissures. — The  development  of  the  cerebral  commissures  is  sur- 
rounded with  much  difficulty,  and  cannot  be  said  at  the  present  moment  to  be  fully  under- 
stood. It  would  seem  that  the  corpus  callosum,  the  anterior  commissure,  and  the  fornix 
take  origin  in  the  thickened  upper  part  of  the  lamina  terminalis.  The  triangular  interval 
which  is  left  between  these  commissures  is  occupied  by  the  septum  lucidum,  the  precise 
nature  of  which  is  somewhat  doubtful.    Probably  it  is  formed  from  the  lamina  terminalis, 
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and  is  drawn  backwards  into  its  characteristic  triangular  shape  by  the  backward  growth 
of  the  corpus  callosum.  The  fifth  ventricle  arises  as  a  mesial  cleft  within  it,  and  at  no 
time  has  any  connexion  with  the  proper  ventricular  system  of  the  brain. 

Weiciit  of  the  Brain. 

The  average  weight  of  the  adult  male  brain  may  be  said  to  be  about  1360 
grammes.  The  female  l)rain  weighs  rather  less,  but  this  is  to  be  expected  from  the 
smaller  bulk  of  the  female  body.  Probably  the  relative  weight  of  the  brain  in  the 
two  sexes  is  very  much  the  same.  The  variations  met  with  in  brain-weight  are 
very  great,  but  it  is  doubtful  if  normal  intellectual  functions  could  be  carried  on  in 
a  brain  which  weighs  less  than  960  grammes.  In  microcephalic  idiots  brains  of 
extremely  small  size  are  met  with. 

THE  MENINGES  OE  THE  BRAIN  AND  SPINAL  CORD. 

The  brain  and  spinal  cord  are  enclosed  within  three  membranes,  which  are 
termed  the  meninges  or  meningeal  membranes.  Erom  without  inwards  these  are : 
(1)  tlie  dura  mater,  (2)  the  arachnoid  mater,  and  (3)  the  pia  mater.  The  space 
between  the  dura  mater  and  the  arachnoid  receives  the  name  of  subdural  space, 
while  the  much  more  roomy  interval  between  the  arachnoid  and  the  pia  mater  is 
called  the  subarachnoid  space. 

Dura  Mater. 

Tiie  dura  mater  is  a  dense  and  thick  fibrous  membrane  which  possesses  a  very 
considerable  degree  of  strength.  Its  arrangement  within  the  cranial  cavity  is  so 
different  from  that  within  the  spinal  canal  that  it  is  customary  to  speak  of  it  as 
consisting  of  two  parts,  viz.  a  cranial  and  a  spinal,  although  in  adopting  this  sub- 
division it  must  l)e  clearly  understood  that  Ijoth  portions  are  continuous  with  each 
other  at  the  foramen  magnum. 

Cranial  Dura  Mater  (dura  mater  cerebri). — The  cranial  dura  mater  is  adherent 
to  the  inner  surface  of  the  cranial  wall,  and  performs  a  double  office.  It  serves  as 
an  internal  periosteum  for  the  bones  whicli  it  lines  and  constitutes  an  envelope 
for  the  brain.  Its  inner  surface,  which  bounds  the  subdural  space,  is  smooth  and 
glistening,  and  is  covered  by  a  layer  of  endothelial  cells.  The  outer  surface,  when 
separated  from  the  cranial  wall,  is  rough,  this  being  due  to  numerous  fine  fibrous 
processes  and  blood-vessels  which  pass  between  it  and  the  bones.  Its  degree  of 
adhesion  to  the  cranial  wall  differs  considerably  in  different  regions.  To  the  vault 
of  the  cranium,  except  along  the  lines  of  the  sutures,  the  connexion  is  by  no  means 
strong,  and  in  the  intervals  between  the  fibrous  pi'ocesses  which  pass  into  the  bone 
there  are  small  lymph  spaces  (epidural  spaces)  where  the"  outer  surface  of  the 
membrane  is  covered  by  endothelial  cells.  So  long  as  the  sutures  are  open  the 
dura  mater  is  connected  with  the  periosteum  on  the  exterior  of  the  skull,  along  the 
sutural  lines,  by  a  thin  layer  of  fibrous  tissue  which  intervenes  between  the  bony 
margins.  Around  the  foramen  magnum,  and  to  the  floor  of  the  cranium,  the  dura 
mater  is  very  firmly  adherent.  Tliis  is  more  particularly  marked  in  the  case  of  the 
projecting  parts  of  the  cranial  floor,  as,  for  example,  the  petrous  portions  of  the 
temporal  bones,  the  clinoid  processes,  and  so  on.  This  firm  adhesion  in  these 
regions  is  still  further  strengthened  by  the  fact  that  the  nerves,  as  they  leave  the 
cranium  through  the  various  foramina,  are  followed  by  sheaths  of  the  fibrous  dura 
mater.  Outside  the  cranium  these  prolongations  of  the  membrane  blend  w"ith  the 
filjrous  sheaths  of  tlie  nerves,  and  likewise  become  connected  with  the  periosteum  on 
the  exterior.  In  the  child,  during  the  growth  of  the  cranial  bones,  and  also  in  old 
age,  the  dura  mater  is  more  adherent  to  the  cranial  wall  than  during  the  inter- 
mediate portion  of  life. 

The  cranial  dura  mater  is  composed  of  two  layers  intimately  connected  witli 
each  other,  l)ut  yet  capable  of  being  demonstrated  in  most  regions  of  the  cranium. 
Along  certain  lines  these  two  layers  separate  from  each  other  so  as  to  form  channels 
lined  by  oiulothelium.    These  channels  are  the  venous  blood-sinuses  which  receive  the 
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blood  from  veius  which  come  from  various  parts  of  the  brain.  They  are  described 
in  the  section  dealing  with  the  Vascular  System. 

Strong  fibrous  partitions  or  septa  are  given  off  along  certain  lines  from  tlie  deep 


Ijifi'iidr  petrosal  .simis  Lateral  sinus 


Fig.  413. — Sagittal  Section  through  the  Skull,  a  little  to  the  Left  oe  the  Me.sial  Plane, 
to  .show  tlie  avraiigement  of  the  dura  mater. 
Tlie  cranial  nerves  are  indicated  by  numerals. 

surface  of  tlie  dura  mater.  These  project  iutt)  the  cranial  cavity,  and  subdivide  it 
partially  into  compartments  which  all  freely  communicate  with  each  other,  and 
each  of  which  contains  a  definite  subdivision  of  the  brain.  These  septa  are  :  (1)  the 
falx  cerebri ;  (2)  the  tentorium  cerebelli  •  (3)  the  falx  cerebelli  j  and  (4)  the 
dia]ihragma  sella;. 

The  falx  cerebri  is  a  sickle-shaped  partition  which  descends  in  the  great  longi- 
tudinal fissure  between  the  two  hemisplieres  of  the  cerebrum.  In  front  it  is  narrow, 
and  attached  to  the  crista  galli  of  the  ethmoid  bone.  As  it  is  followed  backwards 
it  increases  in  breadth,  and  behind,  it  is  attached  along  the  mesial  plane  to  the 
upper  surface  of  the  tentorium.  The  anterior  narrow  part  of  the  falx  is  frequently 
cribriform,  and  is  sometimes  perforated  by'apertures  to  such  an  extent  tliat  it  almost 
resembles  lace-work.  Along  each  border  it  splits  into  two  layeis,  so  as  to  enclose  a 
blood  sinus.  Along  its  upper  convex  attached  border  runs  the  great  longitudinal 
sinus ;  along  its  concave  free  border  courses  the  much  smaller  inferior  longitudinal 
sinus ;  whilst  along  its  attachment  to  the  tentorium  is  enclosed  the  straight  sinus. 

The  tentorium  cerebelli  is  a  large  crescentic  partition  of  dura  mater,  which  forms 
a  membranous  tent-like  roof  for  the  posterior  cranial  fossa,  and  thus  intervenes 
between  the  posterior  portions  of  the  cerebral  hemispheres  and  the  cerebellum.  It 
is  accurately  applied  to  the  upper  surface  of  the  cerebellum.  Thus  its  highest  point 
is  in  front  and  in  the  mesial  plane,  and  from  this  it  slopes  downwards  towards  its 
attached  border.  It  is  kept  at  a  high  degree  of  tension,  and  this  depends  on  the 
integrity  of  the  falx  cerebri,  whicli  is  attached  to  its  u])per  aspect  in  the  mesial 
plane. 

The  2'>osterior  hordrr  of  tlie  tentorium  is  convex,  and  is  attached  to  the  hori- 
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zoiifcal  ridge  which  marks  the  deep  surface  ut'  the  occipital  boue.  Beyond  this,  ou 
each  side,  it  is  Hxed  to  the  postero-inferior  border  of  the  parietal  bone,  and  then 
forwards  along  the  superior  border  of  the  petrous  portion  of  the  temporal  bone. 
Erom  the  internal  occipital  protulierance  to  the  postero-inferior  angle  of  the 
parietal  bone  this  border  encloses  the  lateral  blood  sinus,  whilst  along  the  upper 
border  of  the  petrous  bone  it  encloses  the  superior  petrosal  sinus.  The  anterior 
border  of  the  tentorium  is  sharp,  free,  and  concave,  and  forms  with  the  dorsum 
sellae  an  oval  opening  shaped  posteriorly  like  a  pointed  arch.  This  opening  receives 
the  name  of  the  incisura  tentorii,  and  within  it  is  placed  the  mesencephalon,  or  the 
stalk  of  connexion  between  the  parts  which  lie  in  the  posterior  cranial  fossa  and 
the  cerebrum.  Beyond  the  apex  of  the  petrous  part  of  the  temporal  bone  the  two 
margins  of  the  tentorium  cross  each  other  like  the  limbs  of  the  letter  X ;  the  free 
margin  is  continued  forwards,  to  be  attached  to  the  anterior  clinoid  process,  whilst 
the  attached  border  proceeds  inwards,  to  be  fixed  to  the  posterior  clinoid  process. 

The  falx  cerebelli  is  a  small,  sickle-shaped  process  of  dura  mater  placed  below 
the  tentorium,  which  projects  forwards  in  the  mesial  plane  from  the  internal  occi- 
pital crest.  It  occupies  the  notch  which  separates  the  two  hemispheres  of  the 
ceyebellum  posteriorly.  Inferiorly  it  bifurcates  into  two  small  diverging  ridges 
which  gradually  fade  away  as  they  are  traced  forwards  on  either  side  of  the 
foramen  magnum. 

The  diaphragma  sellae  is  a  small  circular  fold  of  dura  mater  which  forms  a  roof 
for  the  pituitary  fossa.  A  small  opening  is  left  in  its  centre  for  the  transmission  of 
the  infundibulum. 

Spinal  Dura  Mater  (dura  mater  spinalis). — In  the  spinal  canal  the  dura  mater 
forms  a  tube  which  encloses  the  spinal  cord,  and  which  extends  from  the  foramen 
magnum  above  to  the  level  of  the  second  or  third  piece  of  the  sacrum  below.  It 
is  very  loosely  applied  to.  the  spinal  cord  and  the  nerve -roots  which  form  the 
Cauda  equina ;  in  other  words,  it  is  very  capacious  in  comparison  with  the  volume 
of  its  contents.  Moreover,  its  calibre  is  not  uniform.  In  the  cervical  and  lumbar 
regions  it  is  considerably  wider  than  in  the  dorsal  region,  whilst  in  the  sacral 
canal  it  rapidly  contracts,  and  finally  ends  by  blending  with  the  filum  terminale 
externum,  the  chief  bulk  of  which  it  forms.  At  the  upper  end  of  the  spinal 
canal  the  spinal  dura  mater  is  firmly  fixed  to  the  third  cervical  vertebra,  to  the 
axis  vertebra,  and  around  the  margin  of  the  foramen  magnum.  In  the  sacral 
canal  the  filum  terminale  externum,  with  which  it  blends,  extends  downwards  to 
the  back  of  the  coccyx,  to  the  periosteum  of  which  it  is  fixed.  The  lower  end  of 
the  tube  is  thus  securely  anchored  and  held  in  its  place. 

Within  the  cranial  cavity  the  dura  mater  is  closely  adherent  to  the  hones,  and  forms  for  them 
an  internal  periosteum.  As  it  is  followed  into  the  spinal  canal  its  two  constituent  layers 
separate.  The  inner  layer  is  carried  downwards  as  the  long  cylindrical  tube  which  encloses  the 
spinal  cord.  The  outer  layer,  which  is  much  thinner,  becomes  continuous  behind  and  on  each 
side  of  the  foramen  magnum  with  the  periosteum  on  the  exterior  of  the  cranium,  whilst  in  front 
it  is  prolonged  downwards  into  the  vertebral  canal  in  connexion  with  the  periosteum  and  liga- 
ments on  the  anterior  wall  of  the  canal.  The  spinal  dura  mater,  therefore,  corresponds  to  the 
inner  layer  of  the  cranial  dura  mater,  and  to  it  alone.  It  is  separated  from  the  walls  of  the 
spinal  canal  by  an  interval,  the  epidural  space,  which  is  occupied  by  soft  fat  and  a  plexus  of  thin- 
walled  veins.  In  connexion  with  the  spinal  dura  mater  there  are  no  blood-sinuses  such  as  are 
present  in  the  cranial  cavity,  but  it  should  be  noted  that  the  veins  in  the  epidural  space,  placed 
as  they  are  between  the  jjeriosteum  of  the  sj^inal  canal  and  tube  of  dura  mater,  occuj^y  the  same 
morphological  plane  as  the  cranial  blood-sinuses.  Another  feature  wliich  serves  to  distinguish 
the  spinal  dura  mater  from  tlie  cranial  dura  mater  consists  in  the  fact  that  it  gives  off  from  its 
deep  surface  no  partitions  or  septa. 

The  cylindrical  tube  of  spinal  dura  mater  does  not  lie  absolutely  free  within 
the  vertebral  canal.  Its  attachments,  however,  are  of  such  a  character  that  they 
in  no  way  interfere  with  the  free  movement  of  the  vertebral  column.  On  either 
side  the  spinal  nerve-roots,  as  they  pierce  the  dura  mater,  carry  with  them  into  the 
intervertebral  foramina  tubular  sheaths  of  the  membrane,  whilst  in  front  loose  fibrous 
prolongations — more  numerous  above  and  below  than  in  the  dorsal  region — connect 
the  tube  of  dura  mater  to  the  posterior  common  ligament  of  the  vertebral  column. 
No  connexion  of  any  kind  exists  between  the  dura  mater  and  the  posterior  wall  of 
the  spinal  canal. 
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When  the  interior  of  the  tube  of  spinal  dura  mater  is  inspected,  the  series  of 
apertures  of  exit  for  the  roots  of  the  spinal  nerves  is  seen.  These  are  ranged  in 
pairs  opposite  each  intervertebral  foramen. 

Viewed  from  tlie  inside  of  the  tube  of  dura  mater,  each  of  tlie  two  roots  of  a  spinal  nerve  is 
seen  to  carry  with  it  a  special  and  distinct  sheath.  When  examined  on  the  outside,  liowever,  the 
appearance  is  sucli  tliat  one  miglit  be  led  to  conclude  tliat  both  roots  are  enveloped  in  one  sheath 
of  dura  mater.  This  is  due  to  the  fact  that  the  two  sheaths  are  firndy  held  together  by  inter- 
vening connective  tissue.  The  two  tubular  sheaths  remain  distinct  as  far  as  the  ganglion  on  the 
jTOsterior  root,  and  then  blend  with  each  other. 

Subdural  Space. — -The  dura  mater  and  the  arachnoid  mater  are  closely  applied 
to  each  other,  and  the  capillary  interval  between  them  is  termed  the  subdural 
space.  It  contains  a  minute  quantity  of  fluid,  which  is  jiist  sufficient  in  amount  to 
moisten  the  opposed  surfaces  of  the  two  bounding  membranes. 

The  suljdural  space  in  no  way  comnumicates  with  the  subarachnoid  Sf)ace.  The  fluid  whicli 
it  contains  is  led  into  the  venous  blood-sinuses  around  the  Pacchionian  bodies,  and  thus  gains 
exit.  The  subdural  space  is  carried  outwards  for  a  very  sliort  distance  on  the  various  nerves 
■wliich  are  connected  M'itli  the  brain  and  the  spinal  cord,  and  it  lias  a  free  communication  with 
tlie  lymph  paths  present  in  these  nerves.  In  the  case  of  the  optic  nerve  the  sheath  of  dura 
mater  is  carried  along  its  whole  length,  and  with  it  the  subdural  space  is  likewise  prolonged' to 
the  back  of  the  eyeball. 

The  Arachnoidea. 

The  arachnoid  mater  is  a  very  thin  membrane,  remarkable  for  its  delicacy  and 
transparency,  which  envelopes  l)oth  the  brain  and  the  cord  between  the  dura  mater 
and  the  pia  mater.  The  cranial  part  of  the  arachnoid  mater  or  the  arachnoidea 
encephali,  except  in  the  case  of  the  great  longitudinal  and  the  Sylvian  fissures,  does 
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Fia.  414. — Diagram  to  show  the  relations  of  the  niembranes  of  the  brain  to  the  cranial  wall  and  the  cerebral 
convolutions,  and  also  of  the  Pacchionian  bodies  to  the  superior  longitudinal  sinus  and  the  lateral  lacunae. 


not  dip  into  the  sulci  on  the  surface  of  the  brain.  In  this  respect  it  differs  from 
the  pia  mater.  It  bridges  over  the  inequalities  on  the  surface  of  the  brain. 
Consequently,  on  the  basal  aspect  of  the  encephalon  it  is  spread  out  in  the  form  of 
a  very  distinct  sheet  over  the  medulla,  the  pons  Varolii,  and  the  hollow  which  lies 
in  front  of  the  pons,  and  in  certain  of  these  regions  it  is  separated  from  the  brain- 
surface  by  wide  intervals. 

The  spinal  part  of  the  arachnoid  mater  or  arachnoidea  spinalis,  which  is  directly 
continuous  with  the  cranial  arachnoidea,  forms  a  loose  wide  investment  for  the 
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spinal  curd.  Tliis  uracliuoitlal  sac  is  most  capacious  towards  its  lower  part,  where  it 
envelopes  the  lower  end  of  the  cord  and  the  collection  of  long  nerve-roots  which 
constitute  tlie  cauda  equina. 

As  the  nerves,  both  from  the  brain  and  the  cord,  pass  outwards  they  receive  an 
investment  from  the  arachnoid,  wliich  runs  for  a  sliort  distance  upon  them  and 
then  comes  to  an  end. 

Subarachnoid  Space  (cavum  subarachnoidale). — The  interval  between  the 
arachnoidea  and  the  pia  mater  receives  the  name  of  tlie  subarachnoid  space.  It 
contains  the  cerebro-spinal  fluid,  and  communicates  freely  through  certain  well- 
defined  apertures  with  the  ventricular  cavities  in  the  interior  of  the  brain.  Three 
of  these  (viz.  the  foramen  of  Majendie  and  another  at  the  extremity  of  each  lateral 
recess)  are  in  connexion  witli  the  fourth  ventricle ;  two  are  slit-like  openings  into 
the  lateral  ventricles,  and  are  placed  at  the  extremity  of  each  descending  horn. 

Within  the  cranium  the  subarachnoid  space  is  broken  up  by  a  mesh  work  of  fine 
filaments  and  trabeculse,  which  connects  the  two  bounding  membranes  (viz.  the 
arachnoidea  and  the  pia  mater)  in  the  most  intimate  manner,  and  forms  a  delicate 
sponge-like  interlacement  between  them.  Where  tlie  arachnoidea  passes  over  the 
summit  of  a  cerebral  convolution,  and  is  consequently  closely  applied  to  the  sub- 
jacent pia  mater,  the  mesliwork  is  so  dense  and  the  trabecuhie  so  short  that  it  is 
liardly  possible  to  discriminate  between  the  two  membranes.  To  all  intents  and 
purposes  they  form  in  these  localities  one  lamina.  In  the  intervals  between  the 
rounded  margins  of  adjoining  convolutions,  however,  distinct  angular  spaces  exist, 
where  the  sulmrachnoid  tral)ecular  tissue  can  be  studied  to  great  advantage.  These 
intervals  on  the  surface  of  the  cerelirum  constitute  numerous  communicating 
channels  which  serve  for  the  free  passage  of  the  subarachnoid  fiuid  from  one  part  of 
the  brain  to  another.  The  larger  branches  of  the  arteries  and  veins  of  tlie  brain 
traverse  the  subarachnoid  space ;  their  walls  are  directly  connected  wdth  the  sub- 
arachnoid trabeculte,  and  are  bathed  by  subarachnoid  fiuid. 

In  certain  situations  within  the  ci'anium  the  arachnoidea  is  separated  from  the 
pia  mater  by  intervals  of  consideral)le  width  and  extent.  These  expanded  ^lortions 
of  the  subarachnoid  space  are  termed  cisternse  subarachnoidales.  In  these  the  sub- 
arachnoid tissue  is  much  reduced.  There  is  no  longer  a  close  meshwork ;  the 
trabecula'  connecting  the  two  bounding  membranes  take  the  form  of  long  fila- 
mentous intersecting  threads  which  traverse  the  spaces.  All  the  subarachnoid 
cisterns  communicate  in  the  freest  manner  witli  each  other  and  also  witli  the 
narrow  channels  on  the  surface  of  the  cerebrum. 

Certain  of  these  cisterns  require  special  mention.  The  largest  and  most  conspieuoii.s  is  tlie 
cisterna  magna.  It  is  formed  liy  the  arachnoid  memhraue  hiidging  over  tlie  wide  interval 
between  tlie  hack  part  of  the  luiih^r  surface  of  the  cei-elwlhim  and  the  medulla.  It  is  continuous 
througli  the  foramen  magnum  with  the  ])osterior  part  of  the  wide  subarachnoid  sjiace  of  the  cord. 

The  cisterna  pontis  is  the  continuation  ujiwards  on  the  Hoor  of  the  cranium  of  the  anterior 
])art  of  the  subarachnoid  space  of  the  sjiinal  cord.  In  the  region  of  the  medulla  it  is  continuous 
behind  witli  the  cisterna  magna,  so  that  this  subdivision  c)f  the  biain,  like  the  spinal  cord,  is 
surrounded  hy  a  M'ide  suljarachnoid  sjjace. 

Ill  front  of  the  jions  A'arolii  the  arachnoidea  bridges  across  between  the  i)rojecting  temporal 
loljes,  and  covers  in  the  deeji  hollow  in  this  region  of  the  brain.  Tliis  sjjace  is  called  the  cisterna 
basalis,  and  within  it  are  pLiced  tlie  large  arteries  which  take  part  in  the  formation  of  the  circle 
of  Willis.  Leading  out  from  the  cisterna  basalis  there  are  certain  wide  suljarachnoid  channels. 
Two  of  these  are  jn'olonged  into  the  Sjdvian  fissures,  and  in  these  are  accommodated  the  middle 
cerebral  arti%i'ies.  Anteriorly  the  basal  cistern  passes  into  a  sjjace  in  front  of  the  optic  chiasma, 
and  from  this  it  is  continued  into  the  great  longitudinal  fissure  abo\  e  the  corjius  callosum.  In 
this  suliarachnoid  ])assage  the  anterior  cerebral  arteries  are  lodgeil. 

The  spinal  part-  of  the  subarachnoid  space  is  a  very  wide  interval  wliich  is 
partially  sul)divided  into  compartments  by  three  incomplete  septa.  One  of  these 
is  a  mesial  partition  called  the  septum  posticum,  which  connects  the  pia  mater 
covering  the  ])osteri()r  aspect  of  the  cord  with  the  arachnoid  mater.  In  tlie  upper 
part  of  the  cervical  region  the  septum  posticum  is  imperfect,  and  is  merely  repre- 
sented by  some  strands  passing  between  the  two  membranes ;  in  the  lower  part  of 
the  cervical  region  and  in  the  dorsal  region  it  liecomes  toleraldy  complete.  The 
other  two  septa  are  formed  l)y  the  ligamenta  denticulata  wliicli  spread  outwards 
from  eitlier  side  of  tlie  spinal  cord.    These  will  be  described  with  the  yiia  mater. 
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Pacchionian  Bodies  (granulationes  arachnoidales). — When  the  surface  of  the 
dura  mater  is  inspected  after  the  removal  of  the  calvaria,  a  number  of  small  fleshy- 
looking  excrescences,  purplish-red  in  colour,  are  seen  ranged  in  clusters  on  either 
side  of  the  superior 
longitudinal  sinus, 
and  when  this  sinus 
is  opened  they  are 
also  observed  protrud- 
ing in  considerable 
numljers  into  its  in- 
terior. These  are  the 
Pacchionian  bodies, 
and  they  are  also 
found  in  smaller 
number  and  distinctly 
smaller  size  in  con- 
nexion with  other 
blood  sinuses,  such 
as  the  lateral  sinus, 
the  straight  sinus, 
and  the  cavernous 
sinus.  At  first  sight 
they  appear  to  belong 
to  the  dura  mater,  but 
in  reality  they  are 
projections  from  the 
arachnoidea.  In  the 
child  they  are  exceed- 
ingly small  and  rudi- 
mentary, and  it  is 
only  as  life  advances 
that  they  become 
large  and  conspicuous. 

Each  Pacchionian 
body  is  a  bulbous 
protrusion  of  the 
arachnoid  membrane. 
It  is  attached  to  the  arachnoidea  by  a  narrow  pedicle,  and  into  its  interior  is  pro- 
longed through  this  a  continuation  of  the  sulmrachnoid  space  and  its  characteristic 
meshwork.   The  Pacchionian  bodies  do  not  pierce  the  dura  mater.   As  they  push  their 

way  into  a  blood- 
sinus  they  carry 
before  them  a  thin 
covering  continuous 
with  the  sinus  wall. 
On  either  side  of  the 
superior  longitudinal 
sinus  there  are  a 
number  of  irregular 
spaces  in  the  dura 
mater  which  com- 
municate with  the 
sinus  either  by  a 
small  aperture  or  a 
narrow  channel. 

These  spaces  are  called  the  parasinoidal  sinuses  or  the  lacunae  laterales,  and  certain 
of  the  meningeal  veins  and  some  of  the  diploic  veins  open  into  them.  Pacchionian 
bodies  push  themselves  into  the  parasinoidal  sinuses  from  below  in  such  a  manner 
that  they  receive  a  complete  covering  from  the  layer  of  dura  mater  which  forms 
36 
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Fig.  415. — Membranes  of  the  Spinal  Cord,  and  the  Relations  they 
PRESENT  to  the  Spinal  Nerve-Roots  (A.  M.  Paterson). 
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Fig.  416. — Mesial  Section  through  the  Cranial  Vault  in  the  Frontal 
Region.  Displays  the  superior  longitudinal  siuus  and  tlie  Paccliioiiiaii 
bodies  protruding  into  it  (enlarged). 
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the  sinus  floor.  Nor  does  the  bone  escape.  As  the  Pacchionian  bodies  enlarge 
they  cause  absorption  of  the  cranial  wall,  and  small  pits  are  hollowed  out  on  its 
deep  surface  for  their  reception.  It  must  be  clearly  understood,  however,  that  in 
such  cases  the  Pacchionian  ))ody  is  separated  from  the  bone  by  the  following: — 
(1)  A  continuation  round  the  Pacchionian  body  of  the  subdural  space ;  (2)  the 
thinned  floor  of  the  parasinoidal  sinus ;  (3)  the  lumen  of  the  sinus  ;  and  (4)  the 
greatly  thinned  upper  wall  of  the  sinus. 

The  Paccliiouiiui  bodies  have  a  sjiecial  function  to  perform.  Tlirougli  them  fluid  can  pass 
from  the  subaraclinoid  space  into  the  venous  sinuses  with  which  they  stand  in  connexion. 
Whenever  the  pressure  of  bfood  in  the  sinuses  is  lower  than  that  of  the  fluid  in  the  subarachnoid 
space  and  the  ventricles  of  the  brain,  the  cerebro-spinal  fluid  filtrates  through  the  Pacchionian 
bodies  into  the  l)lood  sinuses.  This  is  not  the  only  way  that  subarachnoid  fluid  may  obtain 
exit.  The  subarachnoid  space  is  carried  outwards  for  a  short  distance  on  the  nerves  in  connexion 
with  their  arachnoidal  sheaths,  and  comnurnicates  with  the  lymjjh  channels  of  the  nerves. 
This  connexion  is  more  complete  in  the  case  of  the  olfactory,  the  optic,  and  the  auditory  nerves, 
than  in  other  nerves.  A  very  free  comnumication  between  the  subarachnoid  spiace  and  the 
lymjihatics  of  the  nasal  mucous  membrane  is  said  to  exist. 

The  Pia  Matek. 

The  pia  mater  fortus  the  immediate  investment  of  the  brain  and  cord.  It  is  a 
delicate  and  very  vascular  meml)rane. 

Pia  mater  encephali.  —  The  pia  mater  which  covers  the  1  train  is  finer  and 
more  delicate  than  that  which  clothes  the  spinal  cord.  It  follows  closely  all  the 
inequalities  on  the  surface  of  the  brain,  and  in  the  case  of  the  cerelirum  it  dips 
into  each  sulcus  in  the  form  of  a  fold  which  lines  it  completely.   On  the  cerebellum 

the  relation  is  not  so  intimate ; 
it  is  only  into  the  larger  fissures 
that  it  penetrates  in  the  form  of 
folds. 

The  larger  blood-vessels  of  the 
brain  lie  in  the  subarachnoid 
space.  The  finer  twigs  ramify  in 
the  pia  mater  l)efore  they  proceed 
into  the  sulistance  of  the  brain. 
As  they  enter  they  carry  with 
them  sheaths  derived  from  the 
pia  mater.  When  a  portion  of 
the  membrane  is  raised  from 
the  surface  of  the  encephalon, 
numerous  fine  processes  are  witli- 
drawn  from  the  cerebral  surface. 
These  are  the  blood-vessels  with 
their  sheaths,  and  they  give  the 
deep  surface  of  the  pia  mater  a 
rough  and  flocculent  appearance. 

As  the  pia  mater  is  carried  over 
the  lower  part  of  the  roof  or 
posterior  wall  of  the  fourth  ven- 
tricle of  the  Ijrain  it  receives  the 
name  of  the  tela  choroidea  inferior, 
and  it  is  in  connexion  with  this 
portion  of  the  pia  mater  that  the 
choroid  plexuses  of  that  cavity  are 
developed.  The  tela  choroidea 
superior  or  velum  interpositum  is  a  fold  of  pia  mater  which  is  invaginated  into  the 
brain,  so  that  it  comes  to  lie  over  the  tliird  ventricle  and  project  in  the  shape  of 
choroid  plexuses  into  the  lateral  ventricles.  This  invagination  requires  special 
notice. 

The  velum  interpositum  (tela  choroidea  superior)  is  a  double  layer  or  fold  of  pia 
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Fig.  417. — Dissection  to  show  the  Velum  Lntehpositum, 
AND  THE  Parts  in  immediate  relation  to  it. 


THE  PIA  MATEE. 


563 


Lateral  ventricle 

Choroid  plexus  of  lateral  ■ 

\ 


seinicircu 


mater  which  intervenes  between  the  body  of  the  fornix  which  lies  above  it  and  the 
epithelial  roof  of  the  third  ventricle,  and  the  two  optic  thalami  which  lie  below  it. 
Between  its  two  layers  are  blood  -  vessels,  and  some  subarachnoidal  trabecular 
tissue.  In  shape  the  velum  interpositum  is  triangular,  and  the  narrow  anterior 
end  or  apex  reaches  forwards  as  far  as  the  foramina  of  Monro.  The  base  lies 
under  the  splenium  of  the  corpus  callosum,  and  here  the  two  layers  of  the  velum 
separate  and  become  continuous  with  the  investing  pia  mater  on  the  surface  of  the 
brain  by  passing  out  through  a  cleft  called  the  transverse  fissure. 

Along  each  lateral  margin  the  velum  interpositum  is  Ijordered  by  the  choroid 
plexus  of  the  body  of  the  lateral  ventricle,  which  projects  into  the  ventricular 
cavity  from  imder  cover  of  the  free  lateral  margin  of  the  fornix.  It  should  be 
borne  in  mind  that  the  epithelial  lining  of  the  ventricle  gives  a  complete  covering 
to  the  choroid  plexus.  Posteriorly  the  choroid  plexus  is  continuous  with  the 
similar  structure  in  the  descending  horn  of  the  ventricle,  whilst  in  front  it  narrows 
greatly,  and  becomes  continuous  across  the  mesial  plane  with  the  corresponding 
plexus  of  the  opposite  side, 
behind  the  epithelial  layer 
which  lines  the  foramen  of 
Monro.  From  this  median 
junction  two  much  smaller 
choroid  plexuses  run  back- 
wards on  the  under  surface  Position  of 
of  the  velum  interpositum, 
and  project  downwards  into 
the  third  ventricle.  These 
are  the  choroid  plexuses  of 
the  third  ventricle. 

The  most  conspicuous 
blood-vessels  in  the  velum 
interpositum  are  the  two 
veins  of  Galen,  which  run 
backwards,  one  on  either 
side  of  the  mesial  plane. 
In  front,  each  is  formed  at 
the  apex  of  the  fold  by  the 
union  of  the  vein  of  the 
corpus  striatum  and  a  large 
vein  issuing  from  the  choroid  plexus  ;  behind,  they  unite  to  form  the  vena  magna 
Galeni,  and  this  pours  its  blood  into  the  anterior  end  of  the  straight  sinus  (Fig.  413, 
p.  557). 

The  continuous  cleft  in  tlie  brain  tlirougli  wliicli  the  velum  1  intei'jjositum  and  tlie  choroid 
plexuses  of  the  two  descending  horns  of  the  lateral  ventricles  are  introduced  into  the  interior  of 
tlie  brain  is  sometimes  called  the  transverse  fissure.  It  consists  of  an  upper  intermediate  part 
and  two  lateral  parts.  The  former  passes  forwards  between  the  corpus  callosum  and  the  fornix 
above  and  the  roof  of  the  third  ventricle  and  the  ojjtic  thalami  below.  It  is  limited  on  either 
side  by  the  epithelial  covering  of  the  choroid  plexuses  which  shuts  out  these  structures  from 
the  cavity  of  the  lateral  ventricles.  Tlie  lateral  part  is  the  choroidal  fissure.  This  is  continuous 
with  the  intermediate  part,  and  has  already  been  described  in  connexion  with  the  descending 
horn  of  the  lateral  ventricle  (p.  535). 

Pia  mater  spinalis. — The  pia  mater  of  the  cord  is  thicker  and  denser  than 
that  of  the  brain.  This  is  largely  due  to  the  addition  of  an  outside  fibrous  layer, 
in  which  the  fibres  run  chiefly  in  the  longitudinal  direction.  The  pia  mater  is 
very  firmly  adherent  to  the  surface  of  the  cord,  and  in  front  it  sends  a  fold  into  the 
antero-median  fissure  of  the  cord.  The  septum  which  occupies  the  poste;ro-median 
fissitre  is  likewise  firmly  attached  to  its  deep  surface.  In  front  of  the  antero- 
median furrow  of  the  cord  the  pia  mater  is  thickened  in  the  form  of  a  longitudinal 
glistening  band,  termed  the  linea  splendens,  which  runs  along  the  whole  length  of 
the  cord,  and  blends  with  the  filum  terminale  below.  The  blood-vessels  of  the  spinal 
cord  lie  between  the  two  layers  of  the  pia  mater. 

The  nerves  which  leave  both  the   brain  and  cord  receive  closely -applied 
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Fig.  418. — Diage.'^mm.vtic  Coronal  Section  through  the  optic 
thalami,  and  the  parts  in  immediate  relation  to  them.  The  inter- 
mediate part  of  the  great  transverse  fissure  holding  the  velum 
interpositum  is  seen,  and  also  the  maimer  in  which  this  fissure  is 
shut  out  from  the  lateral  ventricles  by  the  epithelium  which  covers 
the  choroid  ple.xns  on  each  side. 
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sheaths  from  the  pia  mater.  These  blend  with  the  connective-tissue  sheaths  of 
the  nerves. 

The  ligamentum  denticulatum  is  a  strong  fibrous  band  which  stretches  out 
like  a  wing  from  the  pia  mater  on  either  side  of  the  spinal  cord,  so  as  to  connect 
the  pia  mater  with  the  dura  mater.  The  pial  or  inner  attachment  of  the  ligament 
extends  in  a  continvious  line  between  the  anterior  and  posterior  nerve-roots,  from 
the  level  of  the  foramen  magnum  above  to  the  level  of  the  first  lumbar  vertebra 
below.  Its  outer  margin  is  serrated  or  denticulated,  and  for  the  most  part  free. 
From  twenty  to  twenty-two  denticulations  may  be  recognised.  They  occur  in  the 
intervals  Ijetween  the  spinal  nerves,  and  pushing  the  arachnoid  before  them,  they 
are  attached  l)y  their  pointed  ends  to  the  inner  surface  of  the  dura  mater.  The 
ligamenta  denticulata  partially  subdivide  the  wide  subarachnoid  space  in  the  spinal 
canal  into  an  anterior  and  a  posterior  compartment.  The  anterior  nerve-roots 
traverse  the  anterior  compartment,  whilst  the  posterior  nerve-roots  traverse  the 
posterior  compartment.  Further,  the  posterior  compartment  is  imperfectly  sub- 
divided into  a  right  and  a  left  lateral  part  l)y  the  septum  posticum. 

By  means  of  the  ligamenta  denticulata  the  spinal  cord  is  suspended  in  the 
middle  of  the  tube  of  dura  mater. 
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THE  SPINAL  NERVES. 
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The  spinal  nerves  are  arranged  in  pairs,  of  which  there  are  usually  thirty-one. 
Each  nerve  arises  by  two  roots  from  the  spinal  cord,  and,  after  leaving  the  spinal 
canal  through  the  inter-vertebral  foramen,  is  distributed  to  the  trunk  and  limits 
by  means  of  a  series  of  branches  in  a  manner  to  be  described  below. 

The  spinal  nerves  are  tlesignated  cervical,  thoracic,  lumbar,  sacral,  and  coccygeal, 
in  relation  to  the 
vertebrte  between 
which  they  emerge 
from  the  spinal  canal. 
Each  nerve  appears 
below  the  correspond- 
ing vertebra,  except 
the  first  of  the  cervical 
series,  wlaich  passes 
out  of  the  spinal  canal 
between  the  occipital 
bone  and  the  atlas. 
There  are  thus  eight 
cervical  nerves  (the 
last  appearing  be- 
tween the  seventh  cer- 
vical and  first  thoracic 
vertebrtTe) ;  there  are 
twelve  thoracic,  Jive 
lumbar.  Jive  sacral, 
and  one  coccygeal 
nerve,  all  appearing 
below  the  correspond- 
ing; vertebrfe. 
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The  thirty-first 
nerve  is  occasionally'" 
absent ;  and  there  are 
sometimes  one  or  two 
additional  pairs  of 
minute  filaments  below 
the  thirty-first,  which, 
however,  do  not  emerge 
from  the  spinal  canal. 
These  are  rudimentary 
caudal  nerves. 

The  size  of  the  spinal  nerves  varies  extremely.  The  largest  are  those  which  take  part 
in  the  formation  of  the  great  nerve  trunks  for  the  supply  of  the  limbs  (lower  cervical  and 
first^  thoracic,  and  lower  lumbar  and  upper  sacral  nerves)  ;  and  of  these  the  nerves 
destined  for  the  lower  limbs  are  the  larger.    The  coccygeal  nerve  is  the  smallest  of  the 


Fig.  419. — Scheme  op  the  Arrangement  op  the  Membranes  of  the 
Spinal  Cord  and  the  Roots  of  the  Spinal  Nerves. 
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spinal  nerves ;  the  thoracic  nerves  (except  the  first)  are  much  more  slender  than  the  limb 
nerves ;  and  the  cervical  nerves  diminish  in  size  from  below  upwards. 

Origin  of  the  Spinal  Nerves. — Each  spinal  nerve  is  attached  to  the  spinal 
cord  ]jy  two  roots,  called  respectively  dorsal  (posterior),  and  ventral  (anterior). 

Tlie  dorsal  root  is  larger  than  the  ventral  root ; 
it  contains  a  larger  numl:)er  of  rootlets,  and  the  in- 
dividnal  rootlets  are  of  larger  size  than  in  the  ventral 
root.  It  has  a  vertical  linear  attachment  to  the 
postero-lateral  sulcus  of  the  spinal  cord.  The  root- 
lets of  contiguous  dorsal  roots  are  in  close  relation, 
and,  in  some  instances,  overlap.  The  dorsal  root 
separates  as  it  passes  away  from  the  cord  into  two 
bundles,  both  of  which  l)ecome  connected  with  the 
inner  end  of  a  spinal  ganglion.  From  the  outer  end  of 
this  ganglion  the  dorsal  root  proceeds  to  its  junction 
witli  the  ventral  root  in  the  inter-vertebral  foramen. 

The  spinal  ganglia  are  found  on  the  dorsal  roots 
of  all  the  spinal  nerves.  (In  the  case  of  the  first 
cervical  (sub-occipital)  nerve,  the  spinal  ganglion  may 
be  rudimentary  or  absent ;  and  the  dorsal  root  itself 
may  be  wanting,  or  derived  from  the  spinal  accessory 
nerve.)  They  occupy  the  inter-vertebral  foramina, 
except  in  the  case  of  the  sacral  and  coccygeal  ganglia, 
which  lie  %vithin  the  vertebral  canal,  and  the  first 
and  second  cervical  nerves,  the  ganglia  of  which  lie 
Tipon  the  neural  arches  of  the  atlas  and  axis  respec- 
tively. With  the  exception  of  the  coccygeal  ganglion 
they  are  outside  the  cavity  of  the  dura  mater,  but 
are  invested  by  the  membrane.  The  ganglia  are  of 
ovoid  form,  bifurcated  in  some  cases  at  their  inner 
ends.  They  consist  of  unipolar  nerve-cells,  whose 
processes,  after  a  very  short  course,  divide  into  central 
and  peripheral  fibres :  the  central  fibres  form  the 
portion  of  the  root  entering  the  spinal  cord ;  the 
peripheral  fibres  are  continued  in  an  outward  direc- 
tion from  the  ganglion  into  the  spinal  nerve. 

Accessory  spinal  ganglia  (ganglia  ahenantia). — Between 
the  sjMual  ganglion  and  the  spinal  cord  small  collections  of 
cells  are  occasionally  found  on  the  dorsal  roots,  either  as 
'   scattered  cells  or  distinct  ganglia.    Tliey  are  most  frequently 
met  v:\ih  on  the  dorsal  roots  of  tlie  lumbar  and  sacral  nerves. 

The  ventral  root  is  smaller  than  the  dorsal  root. 
It  arises  from  the  anterior  surface  of  the  spinal  cord 
{anierior  root  zone)  by  means  of  scattered  bundles  of 
nerve  fibres,  which  occupy  a  greater  horizontal  area 
and  are  more  irregular  in  their  arrangement  than  the 
fascicles  of  the  dorsal  root.  It  possesses  no  ganglion 
in  its  course.  The  rootlets  sometimes  overlap,  and 
are  not  unfrequently  connected  with  neighbouring 
rootlets  al)Ove  and  below. 

The  dorsal  and  ventral  roots,  fronr  their  attach- 
ment to  the  spinal  cord,  proceed  outwards  in  the 
spinal  canal  towards  the  intervertebral  foramina, 
where  they  unite  to  form  the  spinal  nerve.  The 
direction  of  the  roots  of  the  first  two  nerves  is 
roots  of  the  remaining  nerves  course  obliquely  down- 
liquity  gradually  increasing  until,  in  the  case  of  the 
coccygeal  nerve-roots,  their  course  is  vertically  down- 


FiG.  420.  —  Diagrammatic  Rei-he- 
sentation  op  the  roots  and 
Ganglia  of  the  Spinal  Nerves, 
showing  their  position  in  relation 
to  tlie  spinal  column.  The  nerves 
are  shown  as  thick  black  lines  on 
the  left  siile. 

upwards  and  outwards  ;  the 
wards  and  outwards,  the  ob 
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wards  in  the  spinal  canal.  The  collection  of  nerve-roots  which  occupies  the  lower 
part  of  the  canal  below  the  lirst  lumbar  vertebra,  and  comprises  all  the  nerve- 
roots  below  those  of  the  first  lumbar  nerve,  is  designated  the  cauda  eciuina.  They 
arise  from  the  lumbar  enlargement  and  conns  mednllaris,  and  surround  the  hlum 
terminale  of  the  spinal  cord. 

Within  the  spinal  canal  the  nerve-roots  are  in  relation  with  the  meninges  of 
the  cord,  and  are  separated  from  one  another  by  the  ligamentnm  denticulatum,  and, 
in  the  neck,  by  the  spinal  part  of  the  spinal  accessory  nerve.  Each  receives  a 
covering  of  pia  mater,  continuous  with  the  neurilemma ;  the  arachnoid  invests  each 
root  as  far  as  the  point  where  it  meets  with  the  dura  mater ;  the  two  roots,  after 
piercing  the  dura  mater  separately,  are  enclosed  by  it  in  a  single  tubular  sheath,  in 
which  is  included  tlie  spinal  ganglion  of  the  dorsal  root. 

Divisions  of  a  Spinal  Nerve. — The  spinal  nerve  thus  formed  lies  in  the 
intervertebral  foramen,  except  in  the  case  of  the  first  two  cervical  and  the  sacral 
and  coccygeal  nerves.  It  immediately 
divides  into  two  primary  divisions,  named 
respectively  the  posterior  and  anterior 
primary  divisions.  Just  before  its  divi- 
sion  each  nerve  gives  off  a  minute  re- 
current branch,  which  re-enters  the 
vertebral  canal  after  effecting  a  jimction 
with  a  branch  from  the  sympathetic 
cord,  and  is  distributed  to  the  spinal 
cord  and  its  membranes. 

The  posterior  and  anterior  primary 
divisions  of  the  spinal  nerve  are  respon- 
sible for  the  innervation  of  the  skeletal 
muscles  and  the  skin  covering  the  trunk 
and  limbs. 

In  relation  to  certain  spinal  nerves,  a  series 
of  much  smaller  brandies  exist  which  are  con- 
nected with  the  sympathetic  S5'stem  (Fig.  421, 
SY),  in  a  way  to  be  described  later.  These  con- 
stitute the  white  rami  communicantes,  and  may 
be  termed  the  visceral  divisions  of  tlie  sjjinal 
nerves.  They  are  derived  from  the  anterior 
primary  divisions  of  the  nerves,  and  receive 
their  fibres  mainly  from  the  ventral  roots, 
though,  at  least  in  the  case  of  certain  nerves, 
from  the  dorsal  roots  as  well.  These  nerves 
are  directed  inwards  from  the  intervertebral 
foramen  over  the  vertebral  column,  and,  be- 
coming connected  Avith  the  symjDathetic  cord,  convey  sjjinal  fibres  to  the  organs  and  tissues  in 
the  splanchnic  area. 

The  posterior  and  anterior  primary  divisions  of  the  nerves  contain  fibres  from 
both  dorsal  and  ventral  roots.  Indeed  each  root  can  be  seen  on  removal  of  its 
sheath  to  divide  into  two  portions,  of  which  one  portion  enters  into  the  formation 
of  the  posterior,  the  .other  into  the  formation  of  the  anterior  primary  division. 
The  posterior  primary  divisions,  with  the  exception  of  the  first  two,  are  smaller 
than  the  anterior  primary  divisions.  They  supply  in  general  the  skin  and  muscles 
of  the  back.  They  do  not  supply  muscles  of  the  limbs ;  although  in  their 
cutaneous  distribution  they  are  prolonged  on  to  the  back  of  the  liead,  the  shoixlder, 
and  the  buttock.  They  form  two  small  plexuses,  the  posterior  cervical  and  the 
posterior  sacral  plexuses.  The  anterior  primary  divisions  are,  witli  the  exception 
of  the  first  two  cervical  nerves,  much  larger  than  the  posterior  primary  divisions. 
They  supply  the  sides  and  fore-parts  of  the  body,  the  perineum,  and  the  limbs. 
For  the  most  part  they  have  a  complicated  arrangement.  The  thoracic  or  inter- 
costal nerves  alone  have  a  simple  mode  of  distribution ;  the  other  nerves  give  rise 
to  the  three  great  plexuses — cervical,  brachial,  and  lumbo-sacral. 

Distribution  of  the  Spinal  Nerves. — The  distribution,  like  the  origin  of  the 
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Fig.  421. — Scheme  of  the  Distribution  of  a 
Typical  Spinal  Nerve. 
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posterior  and  anterior  primary  divisions  of  the  spinal  nerves,  presents  primarily  and 
essentially  a  segmental  arrangement,  masked  and  in  some  cases  obliterated  by  develop- 
mental changes  which  have  occurred  in  the  parts  supplied.  In  no  region  can  a  single 
nerve  be  traced  to  a  complete  segment.  In  the  trunk  between  the  limbs  the  nearest 
approach  to  a  complete  girdle  is  formed  by  such  a  nerve  as  the  sixth  thoracic  nerve. 
In  its  cutaneous  disti'ibution  it  forms  a  perfect  belt,  the  nerve  by  its  posterior  and 
anterior  primary  divisions  supplying  a  distinctly  segmental  area  from  the  middle  line 
of  the  trunk  behind  to  the  sternum  in  front.  Its  muscular  distribution,  also,  is 
almost  perfectly  segmental.  The  anterior  primary  division  supplies,  unaided,  the 
intercostal  muscles  of  the  segment  in  which  it  lies.  The  posterior  primary  division 
supplies  muscles  in  the  back,  not,  however,  in  a  strictly  segmental  manner,  on  account 
of  the  fact  that  the  segmental  myotomes  have  fused  together  in  the  back  to  give  rise 
to  complex  longitudinal  muscles,  which  are  together  supplied  by  the  seiies  of  -miiscular 
branches  derived  from  these  posterior  j^rimary  divisions.  In  other  regions  greater  changes 
cause  more  marked  deviations  from  a  simple  segmental  typo  of  distribution  and  give  rise 
to  the  various  plexuses,  by  which  the  trunk,  and  more  particularly  the  limbs,  are 
innervated. 


POSTERIOR  PRIMARY  DIVISIONS  OF  THE  SPINAL  NERVES. 

The  posterior  primary  divisions  of  tlie  spinal  nerves  are  distributed  generally  to 
the  skill  of  the  back  of  the  trunk,  the  back  of  the  head,  the  shoulder  and  the 
buttock,  and  to  the  longitudinal  muscles  of  the  back,  but  not  to  the  muscles  of  the 
limbs. 

Each  posterior  primary  division  divides  as  a  rule  into  two  parts,  an  internal  and 
an  external  trunk  (Fig.  4:^1,  p.  567).  In  the  upper  half  of  the  body  the  internal 
trunks  generally  supply  the  cutaneous  branches,  while  the  external  trunks  are 
purely  muscular  nerves.  In  the  lower  part  of  the  body  the  opposite  is  the  case : 
the  external  trunks  provide  the  cutaneous  nerves  and  the  internal  trunks  are 
distributed  entirely  to  muscles.  The  cutaneous  branches  have  a  different  course 
in  the  two  cases.  In  the  upper  half  of  the  back  they  course  inwards  and  back- 
wards beneath  and  among  the  muscles  to  within  a  short  distance  of  the  spinous 
processes  of  the  vertebne,  close  to  which  they  become  superficial.  Tiiey  then 
extend  outwards  in  the  superficial  fascia.  In  the  lower  half  of  the  back  the 
cutaneous  nerves  are  directed  downwards  and  outwards  among  the  muscles,  and 
become  superficial  at  a  greater  distance  from  the  middle  line. 

C'EEVICAL  NERVES. 

First  Cervical  Nerve  (n.  suboccipitalis). — It  has  already  been  pointed  out  that 
the  dorsal  root  of  this  nerve  may  be  rudimentary,  or  even  absent  altogether.  Its 
posterior  primary  division  is  larger  than  the  anterior  primary  division ;  it  does  not 
divide  into  internal  or  external  branches,  and  does  not  supply  directly  any 
cutaneous  branch. 

Passing  backwards  in  the  space  between  the  occipital  bone  and  the  posterior 
arcli  of  the  atlas,  the  nerve  occupies  the  suboccipital  triangle,  and  is  placed  below 
and  beliind  the  vertebral  artery  under  cover  of  the  complexus  muscle.  It  supplies 
the  following  branches  : — 

(a)  Muscular  branches  to  the  complexus,  recti  capitis  postici,  major  and  minor, 
and  oblifpii,  superior  and  inferior. 

(c)  A  communicating  branch  descends  to  join  the  second  cervical  nerve. 

The  conniuuiicating  branch  may  arise  in  common  with  the  nerve  to  the  ohliquus  inferior,  and 
reach  the  second  cervical  nerve  by  ])iei'cing  or  passing  over  or  beneath  the  obliquus  inferior.  Or 
it  may  accompany  the  nerve  to  the  coinjilexu.s,  and  connnnnicate  with  the  great  occijiital  nerve, 
alter  piercing  that  muscle. 

Second  Cervical  Nerve. — Tlie  posterior  primary  division  of  this  nerve  is 
larger  than  the  corresponding  anterior  primary  division.  It  passes  backwards  in 
the  interval  between  the  atlas  and  axis,  and  below  the  obliquus  inferior  muscle. 
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The  semispinalis  colli  is  on  its  inner  side  and  the  coniplexns  covers  it.  In  this 
situation  the  nerve  gives  off  several  small  muscular  and  communicating  branches. 


Fig.  422. — The  Distribution  op  Cutaneous  Nerves  on  the  Back  of  the  Trunk. 
On  one  side  the  distribution  of  the  several  nerves  is  represented,  the  letters  indicating  their  nomenclature. 
G.O  (C.2),  Great  occipital  ;  C.3,  Least  occipital ;  T.l,  et  seq.,  Posterior  piiniary  divisions  of  thoracic  nerves  ; 
L.l,  et  seq.,  Posterior  primary  divisions  of  first  three  lumbar  nerves  ;  S.l,  et  seq.,  Posterior  primary 
divisions  of  sacral  nerves;  Acr,  Acromial  branches  from  cervical  plexus  ;  T.2-12,  Lateral  branches  of 
thoracic  nerves  ;  Giro,  Cutaneous  branches  of  circumflex  nerve  ;  L.l,  Iliac  branch  of  ilio-hypogastric 
nerve  ;  E.C,  External  cutaneous  nerve  ;  S.Sc,  Small  sciatic  nerve. 
On  the  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by  the  above  nerves,  the  numerals 
■  indicating  the  spinal  origin  of  the  branches  of  distribution  to  each  area. 
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The  main  trunk,  after  piercing  tlie  complexus  and  trapezius,  accompanies  the 
occipital  artery  to  tlie  scalp  as  the  great  occipital  nerve  (n.  occipitalis  major). 
This  is  the  chief  cutaneous  nerve  for  the  back  part  of  the  scalp.  It  enters  the 
superficial  fascia  at  the  level  of  the  superior  c\irved  line  of  the  occipital  bone  and 
about  an  inch  from  the  external  occipital  protuberance.  Ramifying  over  the 
surface,  it  supplies  the  skin  of  the  scalp  as  far  as  the  vertex.    It  communicates  on 
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Fig.  423. — The  Sub-occh'ital  Triangle. 


tlie  scalp  with  the  following  nerves :  great  auricular,  small  occipital,  posterior 
auricular,  and  least  occipital. 

The  muscular  branches  of  the  second  cervical  nerve  are  destined  for  the  com- 
plexus, obliquus  inferior,  semispinalis  colli,  and  multifidus  spina?. 

Its  communicating  branches  form  the  posterior  cervical  plexus.  Descending  over 
the  posterior  arcli  of  the  atlas  is  a  branch  from  the  suboccipital  nerve  which  forms  a  loop 
or  network  with  a  corresponding  branch  of  the  second  nerve.  From  this  loop  twigs  are 
supplied  to  the  surrounding  muscles.  A  similar  loop  is  formed  by  a  communication 
between  branches  of  the  second  and  third  nerves  from  which  muscles  are  also  supplied. 
Occasionally  a  similar  loop  is  formed  between  branches  of  the  third  and  fourth  nerves. 

Third  Cervical  Nerve. — Tins  is  much  smaller  than  the  second  cervical  nerve. 
Near  its  origin  it  forms  a  loop  of  communication  with  the  second  nerve,  and  it  may 
give  ofi'a  similar  communicating  branch  to  the  fourth  nerve.  The  main  trunk  divides 
into  internal  cutaneous  and  external  muscular  bi-anches.  The  external  muscular 
branch  enters  contiguous  muscles ;  the  internal  cutaneous  branch  passes  backwards 
and  inwards,  and  becomes  superficial  as  the  third  or  least  occipital  nerve  (n.  occipi- 
talis minimus),  close  to  the  middle  line  of  the  neck.  It  supplies  line  branches  to 
the  neck  and  scalp,  and  communicates  with  the  great  occipital  nerve. 

The  fourth,  fifth,  and  sixth  cervical  nerves  are  still  smaller.  Beneath 
the  complexus  each  divides  into  external  muscular  and  internal  cutaneous  branches. 
The  muscular  branches  siipply  neighbouring  muscles ;  the  cutaneous  branches  are 
small  nerves,  which,  passing  backwards,  become  superficial  close  to  the  middle  line. 
They  supply  the  skin  of  the  back  of  the  neck.    The  sixth  is  the  smallest,  and  its 
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cutaneous  branch  is  minute,  and  may  be  absent  altogether.  In  certain  cases  the 
fourth  nerve  forms,  with  the  third,  a  loop  of  communication  from  which  muscles  are 
supplied. 

Seventh  and  Eighth  Cervical  Nerves. — These  are  the  smallest  of  the  posterior 
primary  divisions  of  the  cervical  nerves.  They  give  off'  ordinarily  no  cutaneous 
branches,  and  end  in  the  deep  muscles  of  the  back. 

THORACIC  NERVES. 

The  posterior  primary  division  of  each  thoracic  nerve  divides  into  an  internal 
and  external  branch.  In  the  case  of  the  upper  six  thoracic  nerves  the  internal 
branches  are  chiefly  distributed  as  cutaneous  nerves,  while  the  external  branches 
are  wholly  muscular  in  their  distribution ;  in  the  case  of  the  lower  six  thoracic 
nerves  the  opposite  is  the  case.  In  all  cases  the  muscular  branches  serve  to 
innervate  the  longitudinal  muscles  of  the  back.  The  distribiition  of  the  cutaneous 
branches  is  different  in  the  upper  and  lower  part  of  the  back.  The  upper  six  or 
seven  thoracic  nerves  innervate  the  skin  of  the  scapular  region.  The  internal 
cutaneous  branches,  after  passing  backwards  from  their  origin  among  the  dorsal 
muscles,  reach  the  surface  near  the  spines  of  the  vertebrae  and  are  directed  almost 
horizontally  outwards  over  the  vertebral  border  of  the  scapula.  The  first  is  small ; 
the  second  is  very  large  and  reaches  to  the  acromion  process.  The  rest  diminish  in 
size,  from  above  downwards.  The  external  cutaneous  branches  of  the  lower  five  or 
six  thoracic  nerves  are  directed  from  their  origin  obliquely  downwards  and  outwards 
among  the  parts  of  the  erector  spinje  muscle.  Becoming  cutaneous  by  piercing  the 
latissimus  dorsi  at  some  distance  from  the  middle  line  they  siipply  the  skin  of  the 
back  in  the  lower  part  of  the  chest  and  loin,  the  lowest  nerves  (eleventh  and 
twelfth)  reaching  over  the  iliac  crest  on  to  the  buttock.  The  lower  nerves  often 
subdivide  into  two  branches  before  or  after  their  emergence  from  the  latissimus 
dorsi  mi:scle. 

LUMBAR  NERVES. 

First  three  Lumbar  Nerves. — The  posterior  primary  divisions  of  the  first 
three  lumbar  nerves  subdivide  into  internal  and  external  branches,  similar  in 
their  general  arrangement  to  the  lower  thoracic  nerves.  The  internal  branches 
are  muscular  and  innervate  the  deep  muscles  of  the  back.  The  external  branches 
are  chiefly  cutaneous.  They  are  directed  obliquely  downwards  and  outwards 
among  the  fibres  of  the  erector  spinfe  and  become  siiperficial  by  piercing  the 
vertebral  aponeurosis,  just  above  the  iliac  crest  and  a  short  distance  in  front  of 
the  posterior  iliac  spine.  They  are  then  directed  downwards  in  the  superficial 
fascia  of  the  buttock  and  supply  a  lengthy  strip  of  skin,  extending  from  the  middle 
line  above  the  iliac  crest  to  a  point  below  and  behind  the  great  trochanter  of  the 
femur. 

The  fourth,  and  fifth  lumbar  nerves  (like  the  last  two  cervical  nerves)  usually 
supply  only  muscular  branches  to  the  longit;idinal  muscles  of  the  back.  The  fifth 
nerve  sends  a  communicating  branch  in  many  cases  to  form  a  loop  with  the 
posterior  primary  division  of  the  first  sacral  nerve  (posterior  sacral  plexus). 

SACRAL  AND  COCCYGEAL  NERVES. 

The  posterior  primary  divisions  of  the  sacral  nerves  issue  from  the  posterior 
sacral  foramina.  As  in  the  case  of  the  thoracic  and  lumbar  nerves,  the  iipper 
sacral  nerves  differ  from  the  lower  in  their  distribution. 

The  first  three  sacral  nerves  supply  internal  muscular  branches  for  the 
multifidus  spinae,  and  external  cutaneous  branches  which  pierce  the  fibres  of  the 
sacro-sciatic  ligament  and  the  gluteus  maximus  muscle,  and  supply  the  skin  over 
the  back  of  the  sacrum  and  contiguous  part  of  the  buttock. 

The  posterior  sacral  plexus  consists,  like  the  posterior  cervical  plexus,  of  loops 
or  plexiform  communications  over  the  back  of  the  sacrum  between  the  posterior  pi'imary 
divisions  of  tlie  first  three  sacral  nerves,  to  which  are  frequently  joined  branches  of  the 
last  lumbar  nerve  and  fourth  sacral  nerve.      From  these  loops  branches  proceed  to 
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supply  the  multifidns  spina;  muscle ;  others,  piercing  the  great  sacro-sciatic  ligament,  form 
secondary  loops  beneath  the  gluteus  maximus  muscle.  From  the  secondary  loops,  two  or 
more  cutaneous  branches  arise,  whicli,  after  traversing  the  muscle,  supjjly  the  skin  of  the 
buttock. 

Posterior  Sacro-coccygeal  Nerve. — The  posterior  divisions  of  the  fourth  and 
fifth  sacral  nerves  do  not  divide  into  internal  and  external  brandies.  They  unite 
together,  and,  descending  behind  the  coccyx,  receive  the  minute  posterior  primary 
division  of  the  coccygeal  nerve.  The  union  of  the  three  nerves  constitutes  the 
posterior  sacro-coccygeal  nerve,  whicli,  after  perforating  the  sacro-sciatic  ligament, 
is  distributed  to  tlie  skin  in  the  neighbourhood  of  the  coccyx.  It  supplies  no 
muscles.  This  nerve  is  the  representative  of  the  superior  caudal  trunk  of  tailed 
animals. 

Morphology  of  the  Posterioi!  Primary  Divisions. 

There  are  several  points  of  niorpliological  interest  in  relation  to  tlie  posterior  jirimary 
divisions  of  the  .spinal  nerves. 

1.  Muscular  Distribution. — In  tlieir  muscular  distribution  they  are  strictly  limited  to  the 
longitudinal  iniisclcs  of  the  Ijack  :  namely,  those  associated  with  the  axial  skeleton. 

2.  Cutaneous  Distribution. — Their  cutaneous  distribution  represents  two  points  of  interest. 

A.  In  the  tir.st  jilace,  while  the  skin  of  the  back  is  supplied  in  a  regularly  segmental  manner 
by  the  several  nerves,  certain  of  them  fail  to  reach  the  surface  to  become  cutaneous.  The  absence 
of  a  cutaneous  branch  from  the  suboccipital  nerve  may  be  due  either  to  the  absence  of  a  perfect 
dorsal  root  or  to  its  communication  with  the  second  nerve.  The  other  nerves  which  do  not 
usually  supply  the  skin  are  the  seventh  and  eighth  cervical,  and  the  fourth  and  fifth  lumbar 
nerves.  These  nerves  are  placed  in  the  centre  of  regions  in  which  the  ujiper  and  lower  limbs  are 
developed.  They  are  minute  nerves,  while  the  corresponding  anterior  jirimary  divisions  are  among 
the  largest  of  the  spinal  nerves.  Thus  opposite  the  centre  of  each  limb,  jjosteriorly,  there  is  a  hiatus 
in  the  segmental  distril)ution  of  the  jjosterior  primary  divisions  of  the  spinal  nerves  to  the  skin 
of  the  shoulder  and  buttock,  associated  with  the  formation  of  the  limbs,  and  the  extension  into 
them  of  the  greater  part  of  the  nerves  of  the  region.  This  gap,  in  the  case  of  the  ujijier  limb, 
commences  at  the  level  of  tlie  vertebra  prominens  ;  in  the  case  of  the  lower  limb  it  commences 
ojjiiosite  tlie  level  of  the  posterior  supei'i<jr  iliac  spine.  It  can  be  continued  on  to  each  limb  as 
a  hypothetical  area  (the  dorsal  axial  line),  which  indicates  the  area  of  contact  (and  over- 
lapjjing)  ef  cutaneous  nerves  not  in  strictly  numerical  sequence.  Thus,  in  the  region  of  the 
shoulder,  the  sixth  (or  fifth)  cervical  nerve  innervates  an  area  of  skin  adjoining  that  supplied  by 
the  first  thoracic  nerve  ;  in  the  region  of  the  buttock  the  third  lumliar  nerve  sujiplies  an  area 
contiguous  with  that  supplied  by  the  first  sacral  nerve. 

B.  The  cutaneous  Ijranches  of  the  posterior  j^rimary  divisions  of  the  sjjinal  nerves  difl^er  from 
the  muscular  branches  in  their  j^enetration  into  regions  beyond  those  suj^jjlied  by  their  motor 
I'oots.  The  cutaneous  branches,  in  regions  where  outgrowth  or  extension  from  the  trunk  lias 
occurred,  follow  this  outgrowth  ;  and,  in  consequence,  supjsly  skin  covering  parts  which  do  not 
belong  to  segments  represented  by  the  nerves  in  question.  Thus  the  second  and  third  cervical 
nerves  (great  and  least  occipital)  are  drawn  ujjwards  so  as  to  supply  the  posterior  part  of  the 
scalp  ;  the  upper  thoracic  nerves  are  drawn  outwards  over  the  scapular  region;  the  upper  lumbar 
and  sacral  nerves  supply  the  skin  of  the  buttock;  and  the  sacro-coccygeal  nerve  forms  a  rudimentary 
caudal  nerve. 

3.  Plexuses.  —  The  plexuses  formed  by  the  posterior  primary  divisions  of  the  upper 
cervical  and  upper  sacral  nerves  are  the  simplest  met  with  in  the  human  body.  Tlie 
posterior  cervical  plexus  is  one  from  which  muscular  branches  are  suiJiilied  ;  the  posterior 
sacral  ])lexus  is  mainly  concerned  in  producing  cutaneous  offsets.  In  the  case  of  the  posterior 
cervical  plexus  the  loops  of  communication  between  the  first  three  or  four  cervical  nerves  result 
ill  the  formation  of  a  series  of  nerves  for  the  supply  of  the  senii-spinalis,  complexus,  and  other 
muscles,  which  bring  into  contact  with  these  muscles,  simultaneously,  a  considerable  area  of  the 
spinal  cord,  and  provide  a  combined  and  simultaneous  innervation  for  the  several  parts  of  each 
nuiscle,  which  has  thus  an  extensive  source  of  energy  in  the  spinal  cord.  In  the  case  of  the 
posterior  sacral  plexus,  the  formation  of  loops  between  the  nerves  results  in  the  innervation  of 
any  given  sjjot  in  the  cutaneous  area  supplied  from  these  loops  by  more  than  one  spinal  nerve. 
As  has  been  said  already,  the  cutaneous  nerves,  even  without  the  formation  of  plexuses,  overlap 
in  their  cutaneous  distribution.  The  formation  of  a  plexus  causes  a  more  intimate  union  of 
neighbouring  spinal  nerves,  so  that  stimulation  of  the  surface  affects  a  wider  area  in  the  spinal 
cord  than  if  the  nerves  passed  sejiarately  to  the  surface.  While  segmentation  V)ecomes  less 
obvious,  increased  co-ordination  is  effected  both  of  movement  and  sensation. 


ANTERIOR  PRIMARY  DIVISIONS  OF  THE  SPINAL  NERVES. 

The  anterior  primary  divisions  of  the  spinal  nerves  are,  with  the  exception  of 
the  first  two  cervical  nerves,  much  larger  than  the  corresponding  posterior  primary 
divisions.     Composed  of  elements  of  both  dorsal  and  ventral  roots,  each  nerve 
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emerges  from  the 
spinal  canal  through 
an  intervertebral  fora- 
men, and,  proceeding 
outwards,  is  distri- 
buted to  the  structures 
on  the  lateral  and 
anterior  aspects  of  the 
body,  including  the 
limbs.  Each  nerve  is 
joined  near  its  origin 
by  a  gray  ramus  com- 
municans  from  the 
sympathetic  gan- 
gliated  cord ;  and  in 
the  case  of  certain 
thoracic,  lumbar,  and 
sacral  nerves,  the 
anterior  primary  divi- 
sion gives  off  a  delicate 
bundle  of  fibres,  which 
forms  the  white  ramus 
communicans  of  the 
sympathetic  cord. 
That  part  of  the  spinal 
nerve  which  is  distri- 
buted to  the  body  wall 
and  limbs  may  be 
termed  somatic ;  the 
small  white  ramus 
communicans,  inner- 
vating the  structures 
in  the  splanchnic  area, 
may  be  termed  the 
visceral  or  splanchnic 
part  of  the  spinal 
nerve.  The  anterior 
primary  divisions  of 
the  spinal  nerves  are 
only,  in  certain  cases, 
distributed  in  a  regu- 
lar segmental  manner. 
Except  in  the  case  of 
the  thoracic  nerves, 
the  anterior  primary 
divisions  are  combined 
into  the  three  great 
plexuses — cervical, 
brachial,  and  lumbo- 
sacral, which  renders 
their  arrangement  and 
distribution  exceed- 
ingly complex. 

A  thoracic  nerve, 
such  as  the  fifth  or 
sixth,  may  be  regarded 
as  a  type  to  illustrate 
the  mode  of  distribu- 
tion of  the  anterior 


C.5.6 


Fig.  424.- 


-The  Distribution  of  Cutaneous  Nerves  on  the  Front  of 
THE  Trunk. 


On  one  side  the  distribution  of  the  several  nerves  is  represented,  the  letters 
indicating  their  nomenclature. 

G.A,  Great  auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  S.Cl,  Supra- 
clavicular nerves  ;  AcR,  Acromial  ;  Cl,  Clavicular  ;  St,  Sternal  ;  T.'2-12, 
Lateral  and  anterior  branches  of  thoracic  nerves  ;  I.H,  Ilio-hypogastric 
nerve  ;  LI,  Ilio-inguinal  nerve  ;  Cluc,  Cutaneous  branch  of  circumflex 
nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  ;  I.H,  lutejcosto-humeral  ; 
I.C,  Internal  cutaneous  ;  M.S,  Cutaneous  branch  of  musculo-spiral  nerve  ; 
E.C,  External  cutaneous  nerves  ;  G.C,  Genito-crural  nerve  ;  M.C^'^,  Middle 
cutaneous  nerves  ;  I.C\  Branch  of  internal  cutaneous  nerve  ;  P,  Branches 
of  pudic  nerve  ;  S.Sc,  Branches  of  small  sciatic  nerve. 

On  the  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by 
the  above  nerves,  the  numerals  indicating  the  spinal  origin  of  the  branches 
of  distribution  to  each  area. 
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primary  division  of  a  spinal  nerve  (Fig.  421,  p.  567).  It  occupies  an  intercostal 
space ;  near  its  origin  it  possesses  gray  and  ivhite  rami  communicanies ;  it 
courses  through  the  interval  between  the  intercostal  muscles ;  it  supplies 
branches  to  these  muscles  and  gives  off,  when  it  reaches  the  side  of  the 
chest,  a  lateral  branch,  which,  piercing  the  external  intercostal  muscle,  is  distri- 

l)uted  to  an  area  of 
skin  over  the  lateral 
part  of  the  trunk, 
contiguous  with  a 
similar  area  behind, 
innervated  by  the 
cutaneous  branches 
o'f  the  posterior 
primary  division  of 
the  same  nerve. 
The  lateral  branch 
generally  subdivides 
into  a  smaller  pos- 
terior and  a  laiger 
anterior  trunk,  as  it 
pierces  the  muscles 
clothing  the  wall  of 
the  chest.  The  an- 
terior primary  divi- 
sion of  the  nerve 
then  pursues  its 
course  obliquely  for- 
wards to  the  side  of 
the  sternum,  where, 
after  piercing  the 
pectoral  muscles,  it 
appears  superficially 
as  the  anterior  ter- 
minal cutaneous 
branch.  This  sup- 
plies an  area  of  skin 
continuous  with  that 
supplied  by  the 
anterior  part  of  the 
lateral  branch  of  the 
same  nerve.  Sucli 
a  nerve  thus  sup- 
plies, by  means  of 
its  lateral  and 
anterior  branches,  an 
area  of  skin  wliicli 
(with  the  area  sup- 
plied by  the  cuta- 
neous branch  of  its 
posterior  primary 
division)  forms  a 
continuous  and  un- 
interrupted belt, 
extending  from  the 
middle  line  behind 
to  the  middle  line 
innervate  in  their 


Fig.  425. 

Superficial  Division. 

Ascending  branches  (Asc.) — 
S.O.  Small  occipital. 
G.A.  Great  auricular. 
S.C.  Superficial  cervical. 


-The-Ceuvical  Plexu.s. 

Internal  branches — 
Communicating  to 
Hy.  Hypoglossal. 
Va.  Vagus. 

Sy.  Sympathetic  gauglion. 
D.Cerv.  Descendens  cervicis. 


Descending  (supra-clavicular)  branches 
(Desc.)— 
Acr.  Acromial. 
CI.  Clavicular. 
St.  Sternal. 

Deep  Division. 

External  branches — 

Communicating  (C.)  to  spinal  acces- 
sory nerve  (Hp.  Ace). 
Muscular — 

S.M.  Sterno-niastoid. 
Trapezius. 

Levator  anguli  iicapuloe. 
Scalenus  medius. 


Muscular — 
M' 


Tr. 
L.A.S. 

Sc.M. 


Rectus  capitis  auticus  minor, 

and  lateralis. 
Longus   colli,    and  rectus 

capitis  anticus  major. 
Scalenus  anticus. 
Phrenic  nerve. 
Nerve  to  genio-hyoid. 
Th.Hy.  Nerve  to  thyro-hyoid. 
D.Hy.  Descendens  hypoglossi. 
Ansa  hypoglossi. 
Nerve  to  .sterno-thyroid. 
Nerve  to  sterno-hyoid. 
Nerves  to  omo-hyoid. 


M-. 

Sc.A, 
Phr. 
G.Hy. 


Ansa. 
S.Th. 
S.Hy. 
O.Hy. 


in  front.     The  lateral  and  anterior  branches  of  the  nerve 
course  tlie  intercostal  and  other  muscles,  to  be  afterwards  mentioned  in  detail 
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CERVICAL  NERVES. 

The  anterior  primary  divisions  of  the  cervical  nerves,  together  with  parts  of  the 
first  and  second  thoracic  nerves,  are  distributed  to  the  head,  neck,  and  upper 
extremity.  The  first  four  cervical  nerves,  by  means  of  the  cervical  plexus,  innervate 
the  neck ;  the  last  four  cervical  nerves,  together  with  a  large  part  of  the  first 
thoracic  nerve,  through  the  brachial  plexus  supply  the  upper  limb.  The  second 
thoracic  nerve  may  contribute  a  trunk  to  this  plexus,  and  always  assists  in  the 
innervation  of  the  upper  limb. 


THE  CERVICAL  PLEXUS. 

The  anterior  primary  divisions  of  the  first  four  cervical  nerves  are  concerned 
in  forming  the  cervical  plexus.  Each  nerve  emerges  from  the  spinal  canal  behind 
the  vertebral  artery.  Each,  is  joined  on  its  emergence  from  the  intervertebral 
foramen,  at  the  side  of  the  spine,  by  a  gray  ramus  communicans  from  the  superior 
cervical  ganglion  of  the  sympathetic.  In  the  neck  the  nerves  are  concealed  by 
the  sternomastoid  muscle ;  in  front  lies  the  rectus  capitis  anticus  major,  and 
behind  are  the  scalenus  medius,  and  (behind  the  first  or  suboccipital  nerve)  the 
rectus  capitis  lateralis.  The  cervical  plexus  is  constituted  by  the  combination 
of  these  nerves  in  an  irregular  series  of  loops  under  cover  of  the  sterno-mastoid 
muscle. 

From  these  loops  the  branches  of  distribution  arise,  as  (a)  cutaneous  branches  to 
the  head,  neck,  and  shoulder ;  (b)  muscular  branches  to  the  muscles  of  the  neck ; 
and  (c)  communicating  branches  to  the  vagus,  spinal  accessory,  hypoglossal  and 
sympathetic  nerves. 

For  convenience  of  description,  the  nerves  derived  from  the  plexus  may  be 
classified  as  follows  : — 


I.  Superficial  (cutaneous)  Branches — 


Ascending  Branches  (C.  2  and  3). 

Small  occipital, 
Great  auricular, 
Superficial  cervical. 


B.  Descending  (supraclavicular)  Branches 

(C.  3  aud  4)— 
Acromial, 
Clavicular, 
Sternal. 


II.  Deep  (muscular  and  communicating)  Branches— 


A.  External  Branches. 


B.  Internal  Branches. 


1. 


(C.  3, 


Muscular  branches  to 
Sternomastoid  (C.  2), 
Trapezius  (C.  3,  4), 
Levator  anguli  scapul 
4), 

Scaleni  (medius  and  posticus, 

(C.  3,  4). 
Communicating  branches  to 
Spinal  accessory  nerve  (C.  2, 

3,  4). 


1.  Muscular  branches  to 
Prevertebi-al  muscles  (C.  1,  2, 

3,  4), 

Infrahyoid  muscles  (C.  1,  2, 

3)  (ansa  hypoglossi), 
Diaphragm  (C.  3,  4)  (phrenic; 
nerve). 

2.  Communicating  branches  to 
Vagus  nerve  (C.  1,  2), 
Hypoglossal  nerve  (C.  1,  2), 
C.  Hypoglossi  (C.  2,  3), 

Sympathetic  (C.  1,  2,  3,  4). 

The  second,  third,  and  fourth  cervical  nerves  are  the  chief  nerves  engaged  in 
forming  the  plexus.  The  first  cervical  nerve  only  enters  into  the  formation  of  a 
small  part — the  internal  portion  of  the  deep  part  of  the  plexus. 

Superficial  Cutaneous  Branches. — These  nerves,  six  in  number,  are  entirely 
cutaneous.  They  radiate  from  the  cervical  plexus,  and  appear  in  the  posterior 
triangle  of  the  neck  at  the  posterior  border  of  the  sterno-mastoid  muscle. 

The  small  occipital  nerve  (n.  occipitalis  minor)  is  variable  in  size  and  is  some- 
times double.    Its  origin  is  from  the  second  and  third  cervical  nerves  (more  rarely 
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from  the  second  only).  It  extends  backwards  beneath  the  sterno-niastoid,  and  then 
upwards  along  its  posterior  border.  Piercing  the  deep  fascia  near  tlie  apex  of  the 
posterior  triangle,  it  divides  into  auricular,  mastoid,  and  occipital  branches,  and 

supplies  small  cervical  branches  to  the 
upper  part  of  the  neck.  The  auricular 
branch  supplies  the  skin  of  the  deep 
surface  of  the  pinna ;  the  mastoid  and 
occipital  branches  supply  the  scalp. 
The  nerve  communicates  on  the  scalp 
with  the  great  occipital  and  great 
auricular  nerves,  and  with  the  posterior 
auricular  branch  of  the  facial  nerve. 

The  great  auricular  nerve  (n.  auri- 
cularis  magnus)  is  the  largest  of  the 
cutaneous  branches.  It  arises  from 
the  second  and  third  cervical  nerves 
(or,  more  rarely,  from  the  third  alone). 
Winding  round  the  posterior  border  of 
the  sterno-mastoid  muscle,  it  courses 
vertically  upwards  towards  the  ear. 
In  this  course  it  crosses  the  sterno- 
mastoid  muscle  obliquely  and  is  covered 
by  the  platysma  myoides.  Before 
arriving  at  the  ear  it  subdivides  into 
mastoid,  auricular,  and  facial  branches. 
The  mastoid  branches  ascend  over  the 
mastoid  process  and  supply  the  skin  of 
the  scalp  behind  the  ear,  communicat- 
ing with  the  small  occipital  and  pos- 
terior auricular  nerves.  The  auricular 
branches  ascend  to  the  ear  and  supply 
the  lower  part  of  the  pinna  on  both 
aspects ;  they  communicate  with  the 
same  nerves.  The  facial  branches,  pass- 
ing over  the  angle  of  the  jaw  and 
through  the  substance  of  the  parotid 
gland,  supply  the  skin  of  the  cheek 
over  the  lower  part  of  the  masseter 
muscle  and  the  parotid  gland.  They 
communicate  with  bi^anches  of  the 
facial  nerve  in  the  parotid  gland. 

The  superficial  cervical  nerve  (n.  cu- 
taneus  colli)  arises  from  the  second  and 
third  cervical  nerves.  It  winds  round  the  posterior  border  of  the  sterno-mastoid  - 
muscle,  and  crosses  the  muscle  to  reach  the  anterior  triangle,  under  cover  of  the 
platysma  myoides  muscle  and  the  external  jugular  vein.  It  divides  near  the 
anterior  edge  of  the  sterno-mastoid  muscle  into  upper  and  lower  l>ranches,  which  are 
distributed  through  the  platysma  myoides  to  the  skin  covering  the  anterior  triangle 
of  the  neck.  The  upper  branches  communicate  freely  beneath  the  platysma  myoides 
with  the  infra-mandibular  branch  of  the  facial  nerve. 

Descending  (supra-clavicular)  Branches. — By  the  union  of  two  roots  derived 
from  the  third  and  fourth  cervical  nerves  a  considerable  trunk  is  formed,  which 
extends  oliliquely  downwards  from  under  cover  of  the  sterno-mastoid  muscle  through 
the  lower  part  of  the  posterior  triangle  of  the  neck.    It  subdivides  into  radiating 

branches  sternal,  clavicular,  and  acromial — which  pierce  the  deep  fascia  of  the  neck 

above  the  clavicle,  and  are  distributed  to  the  skin  of  the  lower  part  of  the  side  of 
the  neck,  the  front  of  the  chest,  and  the  shoulder.  The  sternal  branches  (rami  supra- 
sternales)  are  the  smallest.  Passing  over  the  inner  end  of  the  clavicle,  they  supply 
the  skin  of  the  neck  and  chest  as  far  down  as  the  lower  border  of  the  manubrium. 


Fig.  426. — Distribution  of  Cutaneous  Nerves  to 
THE  Head  and  Neck. 
Ophth,  Ophthalmic  division  of  the  fifth  nerve  ;  ST,  Supra- 
trochlear branch  ;  S.O,  Supra-orbital  branch  ;  I.T, 
lufra-trochlear  branch  ;  L,  Lachrymal  branch  ;  N, 
External  nasal  branch  ;  Sup.  Max,  Siiperior  maxillary 
division  ;  T,  Temporal  branch  ;  M,  Malar  branch  ; 
I.O,  Infra-orbital  branch  ;  luf.Max,  Inferior  maxillary 
division  ;  A.T.  Auriculo-temporal  branch  ;  B,  Buccal 
branch  ;  M,  Mental  branch  ;  C.2,  3,  Branches  of  the 
second  and  third  cervical  nerves  ;  G.O,  Great  occipital 
nerve  ;  S.O,  Small  occipital  nerve  ;  G.A,  Great 
auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  C.3, 
Least  occipital  nerve  ;  4,  5,  6,  Posterior  primary 
divisions  of  4th,  5th,  and  6th  cervical  nerves. 
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The  clavicular  branches  (rr.  supra-claviculares)  pass  over  the  middle  third  of  the 
clavicle,  beneath  the  platysma,  and  can  be  traced  as  low  as  the  nipple.  The 
acromial  branches  (rr.  supra-acromiales)  pass  over  or  through  the  insertion  of  the 
trapezius  muscle,  and  over  the  outer  third  of  the  clavicle,  to  the  shoulder,  where 
they  supply  the  skin  as  far  down  as  the  lower  third  of  the  deltoid  muscle. 

Deep  Branches. — The  deep  branches  of  the  cervical  plexus  are  naturally 
separated  into  an  external  and  an  internal  set  by  their  relation  to  the  sterno-mastoid 


^j'lG.  427. — The  Teiangles  of  the  Neck  (Nerves). 


muscle.  Beneath  the  muscle^  the  external  branches  are  directed  outwards  towards 
the  posterior  triangle,  the  internal  branches  inwards  towards  the  anterior  triangle. 

The  external  branches  consist  of  muscular  and  communicating  nerves,  which 
for  the  most  part  occupy  the  posterior  triangle. 

The  muscular  branches  are  the  following:  (1)  To  the  sterno-mastoid,  from  the 
second  cervical  nerve.  This  enters  the  muscle  on  its  deep  surface  and  communicates 
with  the  spinal  accessory  nerve.  (2)  To  the  trapezius,  from  the  third  and  fourth 
cervical  nerves.  These  nerves  cross  the  posterior  triangle  and  end  in  the  trapezius, 
after  having  communicated  with  the  spinal  accessory  nerve,  in  the  posterior  triangle, 
and  beneath  the  muscle.  (3)  To  the  levator  anguli  scapulce,  from  the  third  and 
fourth  cervical  nerves.  Two  independent  branches  enter  the  outer  surface  of  the 
muscle  in  the  posterior  triangle.  (4)  To  the  scaleni  (medius  and  posticus),  from 
the  third  and  fourth  cervical  nerves. 

The  communicating  branches,  already  mentioned,  are  three  in  number.  They 
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join  the  spinal  accessory  nerve  in  three  situations : — (a)  A  branch  from  the  second 
cervical  nerve  to  the  sterno-mastoid  joins  the  spinal  accessory  nerve  beneath  that 
muscle,  (b)  Branches  to  the  trapezius  from  the  third  and  fourth  nerves  are  con- 
nected with  the  spinal  accessory  nerve  in  the  posterior  triangle,  (c)  Branches  from 
the  same  nerves  join  the  spinal  accessory  nerve  beneath  the  trapezius  muscle. 

The  internal  branches  of  the  plexus  also  comprise  muscular  and  communi- 
cating branches.    The  first  cervical  nerve  assists  in  the  formation  of  this  series  of 


Hypoglossal  nf.rve 
Recurrent  branch  | 


Vagus  nerve 

I     Superior  cervical  ganglion  of  Uie  sympaUietic 


First  cervical  nerve< 


Second  cervical  nerve 


Glosso-pharyngeal 
nerve 


Third  cervical  nerve 

Stylopharyngeus 


Pharyngeal  branch  of  vagus  — ' 
Digastric 

DESCENDENS  HYPOGLOSSl 

Middle  constrictor 

DESCENDENS  CERVICIS 

Internal  laryngeal  nerve 
Ansa  hvpoglossi' 

Inferior  constrictor 


Omo-hyoid 


J—  Hyoglossus 
^  V^A  -  Geuio-hyoglossus 


Genio-hyoid 
Mylo-liyoid  (cut) 
Digastric 

Thyro-hyoid 


Fig.  428.- 


-The  Muscles  of  the  Hyoid  Bone  and  Styloid  Puocess,  and  the  Extkinsic  Muscles  of 
THE  Tongue,  with  their  Nerves. 


nerves,  forming  a  slender  loop  witla  part  of  the  second  nerve  in  front  of  the  trans- 
verse process  of  the  atlas. 

Communicating  Branches,  (a)  With  the  sympathetic. — Gray  rami  communi- 
cantes  pass  to  each  of  the  first  four  cervical  nerves,  near  their  origins,  from  the 
superior  cervical  ganglion  or  from  the  cord  below  the  ganglion.  {b)  With  the 
jmeumogastric  nerve. — The  ganglion  of  the  trunk  of  the  pneumogastric  nerve  may 
be  connected  by  a  slender  nerve  witli  the  loop  between  the  first  two  cervical  nerves. 
This  communication  is  not  constant,  (c)  With  the  hypoglossal. — An  important 
communication  occurs  between  the  hypoglossal  nerve  and  the  loop  between  the  first 
and  second  cervical  nerves  (Kig.  428).  A  trunk  from  the  last-named  nerves  joins  the 
liypoglossal  just  beyond  its  exit  from  the  skull.  One  fine  Ijranch  from  this  trunk 
passes  upwards  along  the  hypoglossal  nerve  towards  the  skull  (meningeal  branch). 
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The  main  part  of  the  trunk  accompanies  the  hypoglossal  and  separates  from  it  succes- 
sively in  three  nerves — the  descendens  hypoglossi,  and  the  nerves  to  the  thyro-hyoid 
and  genio-hyoid  muscles.  The  portion  of  the  nerve  which  remains  accompanies  the 
hypoglossal  to  the  muscles  of  the  tongue.  It  is  probable  that  no  part  of  the  hypo- 
glossal nerve  itself  is  concerned  in  the  formation  of  these  three  branches.  The 
descending  branch  of  the  hypoglossal  (r.  descendens  hypoglossi)  descends  in  front  of 
the  common  carotid  artery,  and  is  joined  in  the  anterior  triangle  of  the  neck  by 
the  descending  cervical  nerve,  to  form  the  ansa  hypoglossi,  from  which  the  infra- 
hyoid muscles  are  innervated.  (The  descending  branch  of  the  hypoglossal,  in 
some  cases,  arises  from  the  pneumogastric  nerve.) 

Muscular  Branches.  —  The  muscles  supplied  by  the  internal  branches  of  the 
plexus  are  the  prevertebral  muscles,  the  genio-hyoid  and  infra-hyoid  muscles,  and 
the  diaphragm. 

(a)  Prevertebral  Muscles. — 1.  From  the  loop  between  the  first  and  second 
cervical  nerves  a  small  branch  arises,  for  the  supply  of  the  rectus  capitis  lateralis 
and  the  recti  capitis  antici  (major  and  minor).  2.  From  the  second,  third,  and 
fourth  nerves  small  branches  supply  the  intertransversales,  longus  colli,  and  rectus 
capitis  anticus  major.  3.  From  the  fourth  nerve  a  branch  arises  for  the  upper  part 
of  the  scalenus  anticus. 

(b)  Genio-hyoid  and  Infra-hyoid  Muscles. — The  descending  cervical  nerve  (n. 
cervicalis  descendens)  is  formed  in  front  of  the  internal  jugular  vein  by  the  union 
of  two  slender  trunks  from  the  second  and,  third  cervical  nerves.  It  forms  a  loop 
of  communication  in  front  of  the  carotid  sheath  with  the  descending  branch  of  the 
hypoglossal  nerve  (derived  ultimately  from  the  first  two  cervical  nerves).  This 
loop  of  communication  is  called  the  ansa  hypoglossi.  It  is  often  plexiform ;  and 
from  it  branches  are  given  to  the  sterno-hyoid,  sterno-thyroid,  and"  omo-hyoid 
muscles.  The  nerve  to  the  sterno-hyoid  muscle  is  often  continued  behind  the 
sternum,  to  join  in  the  thorax  with  the  phrenic  nerve  or  the  cardiac  plexus. 

The  thyro-hyoid  muscle  and  the  genio-hyoid  muscle  are  supplied  by  branches  of 
the  hypoglossal  nerve,  which  are  traceable  back  to  the  communication  bet\Yeen  the 
hypoglossal  and  the  first  two  cervical  nerves. 

The  anterior  muscles  in  immediate  relation  to  the  middle  line  of  the  neck, 
between  the  chin  and  the  sternum,  are  thus  continuously  supplied  by  the  first 
three  cervical  nerves.  The  hypoglossal  is  the  nerve  of  the  muscles  of  the  tongue, 
and  it  is  not  certain  that  it  contributes  any  fibres  to  the  above-named  muscles. 

(c)  Diaphragm. — The  phrenic  nerve  supplies  the  diaphragm. 

Phrenic  Nerve. 

The  phrenic  nerve  (n.  phrenicus)  is  derived  mainly  from  the  fourth  cervical 
nerve,  reinforced  by  roots  from  the  third  (either  directly  or  through  the  nerve 
to  the  sterno-hyoid)  and  fifth  (either  directly  or  through  the  nerve  to  the 
subclavius  muscle).  It  passes  downwards  in  the  neck  upon  the  scalenus 
anticus  muscle;  at  the  apex  of  the  thorax  it  passes  between  the  subclavian 
artery  and  vein,  and.  traverses  the  mediastinum  to  reach  the  diaphragm,  lying 
in  the  middle  mediastinum  between  the  pericardium  and  pleura,  and  in  front  of 
the  root  of  the  lung.  In  its  course  it  presents  certain  differences  on  the  two 
sides.  In  the  neck,  on  the  left  side,  it  crosses  the  first  part  of  the  subclavian 
artery ;  on  the  right  side  it  crosses  the  second  part.  In  the  superior  mediastinum, 
on  the  left  side,  it  lies  between  the  left  subclavian  and  carotid  arteries,  and  crosses 
the  pneumogastric  nerve  and  the  aortic  arch.  On  the  right  side  it  accompanies  the 
innominate  vein  and  superior  vena  cava,  and  is  entirely  separate  from  the  pneumo- 
gastric nerve.  The  left  nerve  is  longer  than  the  right,  owing  to  the  position  of 
the  heart  and  the  left  half  of  the  diaphragm.  The  right  nerve  sends  fibres  along  the 
inferior  vena  cava  through  the  foramen  quadratum.  Reaching  the  diaphragm  the 
nerve  separates  into  numerous  branches  for  the  supply  of  the  muscle ;  some 
enter  its  thoracic  surface  (sub-pleural  branches),  but  most  of  the  fibres  supply 
it  after  piercing  the  muscle  (sub-peritoneal  branches). 

The  branches  of  the  phrenic  nerve  are — 1.  Muscular  (to  the  diaphragm);  2. 
pleural ;  3.  pericardiac  ;  4.  inferior  vena  caval ;  5.  capsular ;  and  6.  hepatic. 
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The  branches  to  the  pleura  and  pericardium  arise  as  the  phrenic  nerve 
traverses  the  mediastinum.  The  branches  to  the  inferior  vena  cava,  suprarenal 
capsule,  and  liver  arise  after  communication  of  the  phrenic  nerve  with  the 
diaphragmatic  plexus  of  the  sympathetic  on  the  abdominal  surface  of  the  diaphragm. 

Communications  of  the  Phrenic  Nerve.  —  1.  The  phrenic  nerve  may  communi- 
cate with  the  nerve  to  the  subclavius  muscle.  2.  It  may  commmiicate  with  the  ansa 
hypoglosd,  or  a  branch  from  it  (the  nerve  to  the  sterno-hyoid.)  3.  It  frequently  com- 
municates with  the  cervical  part  of  the  sympathetic.  4.  It  communicates  with  the  solar 
plexus  by  a  junction  upon  the  abdominal  surface  of  the  diai^hragm  with  the  diajphrag- 
matic  plexus  on  the  inferior  phrenic  artery,  in  which  a  small  diaphragmatic  ganglion  is 
found  on  the  right  side.  From  this  junction  branches  are  given  off  to  the  inferior  vena 
cava,  suprarenal  capsule,  and  hepatic  plexus. 

MOKPHOLOGY  OF  THE  CERVICAL  PlEXUS. 

The  characteristic  feature  of  the  cervical  plexus  is  the  combination  of  jjarts  of  adjacent  nerves 
into  compound  nerve  trunks  by  the  formation  of  series  of  loops.  The  result  of  tlie  formation  of 
these  loops  is  tliat  parts  (particularly  cutaneous  areas)  are  supplied  by  branches  of  more  than  one 
spinal  nerve. 

A.  Cutaneous  Distribution. — By  the  combinations  of  the  nerves  into  loops  the  discrimination 
of  tlie  elements  in  the  ujjper  cervical  nerves,  corresponding  to  the  lateral  and  anterior  branches 
of  a  typical  thoracic  nerve,  is  made  a  matter  of  some  difficulty.  The  second,  third,  and 
fourth  nerves,  through  the  cervical  plexus,  supply  an  area  of  skin  extending,  laterally,  from  the 
side  of  tbe  head  to  the  shoulder  ;  anteriorly,  from  the  face  to  the  level  of  the  nipple.  The  higher 
nerves  supply  the  upper  region  (second  and  third) ;  the  lower  nerves  supply  the  lower  region 
(third  and  fourth).  It  is  not  possible  to  strictly  compare  the  individual  nerves  with  the  lateral 
and  anterior  branches  of  a  thoracic  nerve.  A  line  drawn  from  the  ear  to  the  middle  of  the 
clavicle  separates,  however,  a  lateral  from  an  anterior  cutaneous  area ;  and  certain  of  the 
cutaneous  nerves  fall  naturally  into  one  of  these  two  categories.  The  nerves  homologous  with 
anterior  branches  of  intercostal  nerves  are  the  superficial  cervical  and  the  sternal  branches  of 
the  supra-clavicular  series ;  those  homologous  with  lateral  branches  are  the  small  occipital  and 
acromial  branches.  The  great  auricular  and  clavicular  branches  are  mixed  nerves,  comprising 
elements  belonging  to  both  sets. 

B.  Muscular  Distribution. — The  nerves  from  the  cervical  plexus,  supplying  muscles,  are 
simpler  in  their  arrangement.  They  are  not  generally  in  the  form  of  loops,  and  they  are  easily 
separated  into  lateral  and  anterior  series.  The  lateral  nerves  comprise  tlie  branches  to  the 
rectus  capitis  lateralis,  sterno-mastoid,  trapezius,  levator  anguli  scapuliE.  The  nerves  in  the 
anterior  series  are  those  to  the  recti  antici,  the  hyoid  muscles,  and  the  diaphragm. 

It  is  noteworthy  that  the  median  muscles — genio-liyoid,  thyro-hyoid,  sterno-hyoid,  omo-hyoid, 
sterno-thyroid,  and  diaphragm— are  continuously  supplied  by  branches  from  the  first  five  cervical 
nerves  :  the  higher  muscles  by  the  higher  nerves  ;  the  lower  muscles  by  the  lower  nerves. 

THE  BRACHIAL  PLEXUS. 

The  brachial  plexus  is  formed  by  the  anterior  primary  divisions  of  the  iifth, 
sixth,  seventh,  and  eighth  cervical  nerves,  along  with  the  greater  part  of  the  first 
thoracic  nerve.  In  some  cases  a  slender  branch  of  the  fourth  cervical  nerve  is  also 
engaged ;  and  the  second  thoracic  nerve,  in  all  cases,  also  contributes  to  the  inner- 
vation of  the  arm,  through  the  intercosto-humeral  nerve.  In  many  cases  it 
contributes  also  directly  to  the  plexus,  by  an  intra-thoracic  communication  with 
the  first  thoracic  nerve. 

Position  of  the  Plexus. — The  nerves  forming  the  brachial  plexus  appear  in 
the  posterior  triangle  of  the  neck  between  the  scalenus  anticus  and  scalenus 
medius  muscles  ;  the  plexus  is  formed  in  close  relation  to  the  subclavian  and 
axillary  arteries ;  the  nerves  emanating  from  it  accompany  the  artery  to  the  axilla, 
where  they  are  distributed  to  the  shoulder  and  upper  limb. 

Communication  with  the  Sympathetic.  —  The  lower  four  cervical  nerves  com- 
municate with  the  cervical  portion  of  the  sympathetic  by  means  of  gray  rami  communi- 
cantes.  Two  branches  arise  from  the  middle  cervical  ganglion,  and  join  the  anterior 
primary  divisions  of  the  fifth  and  sixth  nerves.  Two  arising  from  the  inferior  cervical 
ganglion  join  the  seventh  and  eighth  nerves.  They  reach  the  nerves  either  by  piercing 
the  prevertebral  muscles  or  by  passing  round  the  border  of  the  scalenus  anticus  muscle. 
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Composition  of  the  Brachial  Plexus. — In  an  analysis  of  the  brachial  plexus 
four  stages  may  be  always  seen : — 

(1)  The  undivided  nerves. 

(2)  The  separation  of  the  nerves  into  ventral  (anterior)  and  dorsal  (posterior) 

trunks ;  and  the  formation  of  three  primary  cords. 

(3)  The  formation  of  three  secondary  cords — outer,  inner,  and  posterior. 

(4)  The  origin  of  the  nerves  of  distribution. 


Fig.  429. — The  Nerves  op  the  Brachial  Plexus. 


S}',  Sympathetic  gangliated  cord  ;  Phr,  Phrenic  uerve  ;  C.4,  5,  6,  7,  8,  T.l,  2,  3,  Anterior  primary  divisions  of  the 
lower  cervical  and  upper  thoracic  nerves  ;  M^,  M'-^,  Muscular  branches  to  axial  muscles  ;  P.T,  Posterior 
thoracic  nerve  ;  Rh,  Nerve  to  rhomboids  (posterior  scapular)  ;  Subcl,  Nerve  to  subclavius  muscle  ; 
Int,  Intercostal  nerves  ;  S.Sc,  Suprascapular  nerve.  The  intercostal  part  of  the  first  thoracic  nerve  is 
omitted. 

Outer  Cord. — E.A.T,  External  anterior  thoracic  nerve  ;  M.C,  Musculo-outaneous  nerve  ;  Cb,  Nerve  to  coraco- 

brachialis  ;  M,  Median  nerve. 
Inner  Cord. — l.A.T,  Internal  anterior  thoracic  nerve  ;  U,  Ulnar  nerve  ;  I.C,  Internal  cutaneous  nerve  ;  L.I.C, 

Lesser  internal  cutaneous  nerve. 
Posterior  Cord. — Circ,  Circun)flex  nerve  ;  M.S,  Musculo-spiral  nerve  ;  S.Sub,  Short  subscapular  nerve  ;  M.Sub, 

Lower  subscapular  uerve  ;  L.Sub,  Long  subscapular  nerve  ;  I.H,  Intercosto-humeral  nerve  ;  Lat,  Lateral 

branch  of  third  intercostal  nerve. 

(1)  The  undivided  nerves  have  only  a  very  short  independent  course  at  the  side 
of  the  neck,  after  passing  between  the  scalene  muscles. 

(2)  Almost  immediately  after  entering  the  posterior  triangle  there  are  formed 
three  primary  cords :  the  first  cord  is  formed  by  the  union  of  the  fifth  and  sixth 
nerves  together ;  the  second,  by  the  seventh  nerve  alone ;  and  the  third,  by  the 
union  of  the  eighth  cervical  and  first  thoracic  nerves  together.  While  these  cords 
are  being  formed,  a  division  occurs  in  each  of  the  last  four  cervical  nerves,  into 
ventral  (anterior)  and  dorsal  (posterior)  trunks ;  the  first  thoracic  nerve  usually 
gives  rise  to  no  dorsal  trunk.  The  ventral  and  dorsal  trunks  of  the  fifth,  sixth, 
and  seventh  nerves  are  nearly  equal  in  size.  The  dorsal  trunk  of  the  eighth 
cervical  nerve  is  much  smaller. 

(3)  The  secondary  cords  of  the  plexus  are  formed  by  combinations  of  these 
ventral  and  dorsal  trunks  in  relation  to  the  axillary  artery.  They  are  three  in 
number.  The  outer  cord  (fasciculus  lateralis)  is  formed  by  a  combination  of  the 
ventral  trimks  of  the  fifth,  sixth,  and  seventh  nerves,  and  lies  on  the  outer  side  of 
the  axillary  artery.  The  inner  cord  (fasciculus  medialis)  is  formed  by  a  combina- 
tion of  the  ventral  trunk  of  the  eighth  cervical  with  the  whole  of  the  first  thoracic 
nerve  engaged  in  the  formation  of  the  plexus;  it  lies  on  the  inner  side  of  the 
axillary  artery.    The  posterior  cord  (fasciculus  posterior)  is  made  up  of  all  the 
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dorsal  trunks,  from  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves,  and  lies 
behind  the  axillary  artery.  The  first  thoracic  nerve  does  not  usually  contribute  to 
the  posterior  cord. 

(4)  The  nerves  of  distribution  for  the  shoulder  and  arm  are  derived  from  these 
secondary  cords,  receiving  in  this  way  various  contributions  from  the  constituent 
spinal  nerves.  From  the  outer  cord  arise  the  external  anterior  thoracic,  musculo- 
cutaneous nerve,  and  the  outer  head  of  the  median  nerve.  From  the  inner  cord 
arise  the  inner  head  of  the  median,  the  ulnar,  internal  cutaneous,  lesser  internal 
cutaneous,  and  the  internal  anterior  thoracic  nerves.  From  the  posterior  cord  arise 
the  circumflex,  three  subscapular,  and  the  musculo-spiral  nerves. 

It  is  to  be  remembered,  that,  altbough  derived  from  a  secondary  cord  formed  by  a  certain 
.set  of  spinal  nerves,  any  given  nerve  does  not  necessarily  contain  fibres  from  all  the  constituent 
nerves ;  e.g.  both  the  mnsculo-cutaneous  and  circumfle.x  nerves,  from  the  outer  and  posterior 
cords,  are  ultimately  derived  only  from  the  fifth  and  sixth  cervical  nerves. 

The  Branches  of  the  Brachial  Plexus. 

It  is  customary  to  separate  artificially  the  nerves  of  distribution  of  the  brachial 
plexus  into  two  sets:  (1)  supra-clavicular  and  (2)  infra-clavicular. 

Supra-clavicular  Nerves. — The  nerves  derived  from  the  plexus  above  the 
level  of  the  clavicle  are,  like  the  main  trunks,  divisible  into  two  series ;  anterior 
branches  arising  from  the  front,  and  posterior  branches  arising  from  the  back  of  the 
plexus  (Fig.  429,  p.  581). 

Anterior  Branches.  Posterior  Branches. 

1.  Nerves  to  scalenus  anticus  and  1.  Nerves   to  scaleni,  medius  and 

longus  colli.  posticus. 

2.  Communicating  nerve  to  join  2.  Posterior  scapular  nerve. 

the  phrenic  nerve.  3.  Long  thoracic  nerve. 

3.  Nerve  to  the  subclavius  muscle.  4.  Supra-scapular  nerve. 

The  muscular  twigs  to  the  scalenus  anticus  and  longus  colli  arise  from  the  lower 
four  cervical  nerves,  as  they  emerge  from  the  intervertebral  foramina. 

The  eommunicating  nerve  to  the  phrenic  arises  usually  from  the  fifth  cervical 
nerve  at  the  outer  border  of  the  scalenus  anticus.  It  is  sometimes  absent,  and 
occasionally  an  additional  root  is  present  from  the  sixth  cervical  nerve.  In  some 
instances  the  nerve  is  replaced  by  a  branch  from  the  nerve  to  the  subclavius, 
which  passes  inwards  behind  the  sterno-mastoid  muscle  to  join  the  phrenic  at  the 
inlet  of  the  thorax. 

The  nerve  to  the  subclavius  is  a  slender  nerve,  which  arises  from  the  front  of 
the  cord  formed  by  the  fifth  and  sixth  cervical  nerves.  It  descends  in  the  posterior 
triangle  of  the  neck  over  the  third  part  of  the  subclavian  artery.  It  often  com- 
municates with  the  phrenic  nerve. 

The  branches  to  the  scaleni,  medius  and  posticus,  are  small  trunks  which  arise 
from  the  lower  four  cervical  nerves  as  they  emerge  from  the  intervertebral  foramina. 

The  posterior  scapular  nerve  (n.  dorsalis  scapulae,  nerve  to  the  rhomboids) 
arises  from  the  back  of  the  fifth  cervical  nerve,  as  it  emerges  from  the  intervertebral 
foramen.  It  appears  in  the  posterior  triangle  of  the  neck,  after  piercing  the 
scalenus  medius  muscle.  It  is  directed  downwards,  under  cover  of  the  levator 
anguli  scapuke  and  rhomboid  muscles,  and  along  the  vertebral  border  of  the 
scapula,  to  be  distributed  to  the  levator  anguli  scapulae,  rhomboideus  minor,  and 
rhomboideus  major  muscles.    It  occasionally  pierces  the  levator  anguli  scapulae. 

The  long  thoracic  nerve  (n.  thoracalis  longus,  external  respiratory  nerve  of 
Bell)  arises  by  three  roots,  of  which  the  middle  one  is  usually  the  largest,  from  the 
back  of  the  fifth,  sixth,  and  seventh  nerves,  as  they  emerge  from  the  intervertebral 
foramina.  The  nerve  pierces  the  scalenus  medius  in  one  or  two  trunks,  and, 
descending  along  the  side  of  the  neck  behind  the  cords  of  the  brachial  plexus,  it 
enters  the  axilla  between  the  upper  edge  of  the  serratus  magnus  and  the  axillary 
artery.  It  continues  its  downward  course  over  the  outer  surface  of  the  serratus 
magnus,  to  which  it  is  distributed. 
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Thei-e  is  a  more  or  less  definite  relation  between  the  I'oots  of  this  nerve  and  the  parts  of  the 
serratus  niagnus.  The  first  part  of  the  muscle  is  innervated  by  the  fifth  nerve  alone  ;  the  second 
part  by  the  fifth  and  sixth,  or  the  sixth  alone  ;  the  third  part  by  the  sixth  and  seventh,  or  the 
seventh  nerve  alone. 

The  suprascapular  nerve  (ii.  suprascapularis)  arises  from  the  back  of  the 
cord  formed  by  the  fifth  and  sixth  cervical  nerves  in  the  posterior  triangle  of  the 
neck.  It  occupies  a  position  above  the  main  cords  of  the  brachial  plexus,  and 
courses  downwards  and  outwards  parallel  to  them  towards  the  superioj:  border  of 
the  scapula.  It  passes  through  the  suprascapular  foramen  to  reach  the  dorsum  of 
the  scapula.  After  supplying  the  supraspinatus  muscle  it  winds  round  the  great 
scapular  notch  in  company  with  the  suprascapular  artery  and  terminates  in  the 
infraspinatus  muscle.  It  also  supplies  articular  branches  to  the  back  of  the 
shoulder  joint. 

Infra-clavicular  Nerves. — The  so-called  infra-clavicular  branches  of  the  brachial 
plexus  are  distributed  to  the  chest,  shoulder,  and  arm.  According  to  their  origin 
they  are  divisible  into  two  sets — an  anterior  set,  derived  from  the  outer  and  inner 
cords,  and  a  posterior  set,  derived  from  the  posterior  cord.  In  their  distribution 
the  same  division  is  maintained.  The  anterior 
nerves  of  distribution,  springing  from  the  outer  and 
inner  cords,  supply  generally  the  chest  and  the  front 
of  the  limb;  the  posterior  nerves,  springing  from 
the  posterior  cord,  supply  the  shoulder  and  the  back 
of  the  limb. 

Anterior  Branches. 
Nerves  from  the  outer  cord. 

External  anterior  thoracic.  Outer  head  of  median. 

Musculo-cutaneous. 

Nerves  from  the  inner  cord. 

Internal  anterior  thoracic.  Ulnar. 
Inner  head  of  median.  Internal  cutaneous. 

Lesser  internal  cutaneous. 

Posterior  Branches. 
Nerves  from  the  Posterior  Cord. 

Circumflex.  Musculo-spiral. 
Three  subscapular. 

Anterior  Thoracic  Nerves. 

The  anterior  thoracic  nerves  (nn.  thoracicales 
anteriores)  are  two  in  number,  external  and  internal. 
The  external  anterior  thoracic  nerve  arises  from  the 
outer  cord  of  the  brachial  plexus  by  three  roots — 
from  the  fifth,  sixth,  and  seventh  cervical  nerves. 
The  internal  anterior  thoracic  nerve  arises  from  the 
inner  cord  of  the  plexus,  from  the  eighth  cervical  and  first  thoracic  nerves.  Each 
courses  downwards  and  forwards  on  either  side  of  the  axillary  artery.  A  loop  of 
communication  is  formed  between  them  over  the  artery.  They  are  finally  dis- 
tributed to  the  pectoralis  major  and  minor  muscles  (Fig.  430). 

The  nerves  are  distributed  to  the  pectoral  muscles  in  the  following  way : — Two  sets  of 
branches  from  the  external  anterior  thoracic  nerve  pierce  the  costo-coracoid  membrane. 
The  upper  branches  supply  the  clavicular  jMi't  of  the  pectoralis  major  ;  the  lower  branches 
are  distributed  to  the  upper  fibres  of  the  sternal  jwrtlon  of  the  muscle.  The  upper 
branches  come  from  the  fifth  and  sixth  cervical  nerves  ;  the  lower  branches,  from  the 
fifth,  sixth,  and  seventh  nerves.  The  j^^'^toralis  minor  is  pierced  by  two  sets  of  nerves — the 
upper  set  is  derived  from  the  loop  of  communication  between  the  external  and  internal 
anterior  thoracic  nerves  over  the  axillary  arterjr ;  the  lower  set  is  derived  from  the 
internal  anterior  thoracic  nerve  alone.    These  nerves  supply  the  pectoralis  minor  muscle, 


FlO.    430.— DiAGBAM    OF    THE  ORIGIN 

AND  Distribution  of  the  Nerves 
TO  THE  Pectoral  Muscles. 
E.  A.T,  External  anterior  thoracic  nerve  ; 
I.A.T,  Internal  anterior  thoracic 
nerve  ;  C.5,  6,  7,  C.8,  T.l,  Nerves  of 
the  brachial  plexus  ;  Art,  Axillary 
artery  ;  Cl,  Clavicle  ;  ScL,  Sub- 
clavius  muscle ;  P.Ml,  Pectoralis 
minor,  joined  to  subclavius  by 
costo-coracoid  membrane  ;  P. Ma, 
Pectoralis  major. 
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and,  after  piercing  it,  snpply  the  eternal  part  of  the  pectoralis  majoi'.  The  lower  nerve,  in 
many  cases,  sends  its  branches  to  the  pectoralis  major  round  the  lower  border  of  the 
pectoralis  minor,  and  it  may  supply  on  its  way  the  axillary  arclies,  if  present.  These  two 
branches  are  derived — the  upper  from  the  seventh,  eighth  cervical,  and  first  thoracic 


Tnippziiu 
Clavicle  (cut 

Coraco-claviciilar  ligaments. 
Pectoralis  iiiiiior 
Coracoid  P™'^^''-'*/rijj^  ^ 
Coraco-acroiuial  ligauiei  l-^'j^^^^ 

Circiiiiiflex  artei  \  /f. 
Circumflex  nervj. 


Pectoralis  major 
Coraco-bracliialis 


Biceps  I 


bllPRA-SCAPULAR  MERVE 

Posterior  cord  of  brachial 

PLEXUS 

Short  subscapular  nerve 
Long  subscapular  nerve 
Lower  subscapular  nerve 

»    ^^SeiTatiis  iiiaginis 

Oorsal  scapular  artery 
Subscapularis 
Teres  major 


Latissinius  dnrsi 


Internal 

I  :('Taneocs  branch 

OF  musculo-spiral 

NERVE 


Triceps  (long  head) 

Nerve  to  inner  head  of 
TRICEPS  (ulnar  collate,ral) 

nerves ;    the  lower    from  the  eighth 
cervical  and  first  thoracic  nerves.  The 
Triceps      pectoral  muscles  are  thus  both  supjjlied 
(inner  head)  ^^^^  anterior  thoracic  nerves. 

The  clavicular  fibres  of  the  pectoralis 
major  are  innervated  by  the  fifth  and 
sixth  nerves ;  the  stemial  fibres,  from 
above  downwards,  by  the  fifth,  sixth, 
seventh,  and  eighth  cervical,  and  first 
thoracic  nerves  ; .  and  the  pectoralis 
minor  is  supplied  by  the  seventh  and 
eighth  cervical,  and  first  thoracic  nerves. 

MUSCULO-CUTANEOUS  NeRVE. 

The  musculo  cutaneous  nerve 

(n.  musculo-cutaneus)  takes  origin 
from  the  outer  cord  of  the  plexus, 
from  the  fifth  and  sixth  cervical 
nerves  (Fig.  431).  The  nerve  to 
the  coraco-brachialis  muscle,  arising 
from  the  seventh  nerve,  is  usually 
associated  with  it.  Separating  from 
the  oviter  head  of  the  median  nerve, 
Fig.  431.-THE  Posterior  Wall  op  the  Axilla  and  the^^^  musculo-cutaneous  nerve  lies  at 
Fkont  of  the  Arm  (the  biceps  being  divided).  n    ,       ,  .1  ^       i  ■  ^■ 

nrst  between  the  coraco-braclualis 
muscle  and  the  axillary  artery.  It  is  then  directed  downwards  between  tlie  two 
parts  of  tlie  coraco-brachialis,  and  then  between  the  biceps  and  brachialis  anticus 
muscles,  to  the  bend  of  the  elbow.  In  its  course  it  may  send  a  branch  under  the 
biceps  to  join  the  median  nerve.    It  pierces  the  deep  fascia  over  the  front  of  the 


Musculo-cutaneous. 

NERVE 


Bracliiulis  antic 
Musculo-spiral  nerve' 


Brachio-radialisi 
Biceps  (cut)- 
Extensor  carpi  radialis 
longior 


Posterior  interosseous 

NERVE' 

Radial  nerve- 
Supinator  radii  brevis. 


Flexor 

.profundus 

digitorum 


MEDIAN  NEEVE. 
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elbow,  between  the  biceps  and  brachio  -  radialis,  and  terminates  in  cutaneous 
branches  for  the  supply  of  the  outer  side  of  the  forearm. 

The  branches  of  tlie  nerve  are  muscular  and  cutaneous.  The  muscular  branches 
are  supplied  to  the  two  heads  of  the  biceps  and  the  brachialis  anticus,  as  the  nerve 
lies  between  the  muscles.  The  nerve  to  the  coraco-bracliialis  (usually  incorporated 
with  the  trunk  of  the  niusciilo-cutaneous  nerve)  has  an  independent  origin  from 
the  seventh  cervical  nerve.  It  is  usually  double,  one  branch  entering  each  portion 
of  the  muscle.  The  cutaneous  branches  are  anterior  and  posterior  (Fig.  432,  p.  586). 
The  anterior  branch  descends  along  the  front  of  the  outer  side  of  the  forearm  to  the 
wrist,  and  supplies  an  area  extending  inwards  to  the  middle  line  of  the  forearm 
anteriorly,  and  downwards  so  as  to  include  the  ball  of  the  thumb.  It  communicates 
above  the  wrist  with  the  radial  nerve  and  supplies  branches  to  the  radial  artery.  The 
posterior  branch  passes  backwards  and  downwards  over  the  extensor  muscles  and 
supplies  the  skin  on  the  outer  aspect  of  the  forearm  posteriorly,  in  its  upper  three- 
fourths,  communicating  with  the  cutaneous  branches  of  the  musculo-spiral  nerve. 

In  addition  to  the  above  branches,  the  musculo-cutaneous  nerve  supphes  in  many 
cases  the  following  small  twigs  in  the  arm  :  (1)  a  medullary  branch  to  the  humerus ;  (2) 
a  periosteal  branch  to  the  lower  end  of  the  humerus  on  its  anterior  surface ;  and  (3)  a 
branch  to  the  brachial  artery. 

Median  Nerve. 

The  median  nerve  (n.  medianus)  arises  by  two  roots — one  from  the  outer 
cord,  the  other  from  the  inner  cord  of  the  brachial  plexus.  The  outer  head,  from 
the  (fifth),  sixth,  and  seventh  nerves,  descends  along  the  outer  side  of  the  axillary 
artery ;  the  inner  head,  from  the  eighth  cervical  and  first  thoracic  nerves,  crosses 
the  end  of  the  axillary  artery  or  the  beginning  of  the  brachial  artery,  to  join  the  other 
head  at  the  upper  part  of  the  arm.  Descending  along  the  outer  side  of  the  brachial 
artery,  the  nerve  crosses  over  it  obliquely  in  the  lower  half  of  the  arm.  In  the 
hollow  of  the  elbow,  it  lies  internal  to  the  brachial  artery,  beneath  the  bicipital 
fascia  and  the  median  basilic  vein.  It  passes  into  the  forearm  between  the  two 
heads  of  the  pronator  radii  teres  muscle,  separated  from  the  ulnar  artery  by  the 
deep  origin  of  that  muscle.  Extending  down  the  middle  of  the  forearm,  between 
the  superficial  and  deep  muscles  to  the  wrist,  it  enters  the  palm  of  tlie  hand  on  the 
outer  side  of  the  flexor  tendons  of  the  fingers  beneath  the  anterior  annular 
ligament.  In  the  hand  it  spreads  out  at  the  lower  border  of  the  annular  ligament 
beneath  the  palmar  fascia  and  superficial  palmar  arch,  and  separates  into  its  six 
terminal  branches.  In  the  forearm  a  small  artery  accompanies  it, — the  comes  nervi 
mediani.  Above  the  wrist  it  is  comparatively  superficial,  lying  on  the  outer  side  of 
the  flexor  tendons  and  directly  beneath  the  tendon  of  the  palmaris  longus. 

Communications. — (1)  The  median  nerve,  in  some  cases,  receives  a  communicating 
branch  from  the  musculo-cutaneous  in  the  arm.  (2)  It  communicates  in  some  cases,  in 
the  upper  part  of  the  forearm,  with  the  ulnar  nerve  beneath  the  flexor  muscles.  (3)  It 
commvmicates  by  means  of  its  cutaneous  branches  with  the  ulnar  nerve  in  the  palm  of 
the  hand. 

Branches. — 'The  median  nerve  usually  gives  off  no  branches  in  the  upper  arm. 
Branches  in  the  Forearm. — (1)  Articular  Branches. — Minute  articular  fila- 
ments are  distributed  to  the  front  of  the  elbow  joint. 

(2)  Muscular  Branches. — Just  below  the  elbow  a  bundle  of  nerves  arise  which 
is  distributed  to  the  following  muscles  :  pronator  radii  teres,  flexor  carpi  radialis, 
palmaris  longus,  flexor  sublimis  digitorum.  Nerves  are  also  generally  traceable 
from  this  bundle  to  the  upper  fibres  of  the  flexor  longus  pollicis  and  flexor  pro- 
fimdus  digitorum.  The  nerve  to  the  pronator  radii  teres  often  arises  independently 
in  the  hollow  of  the  elbow. 

(3)  The  anterior  interosseous  nerve  arises  from  the  back  of  the  median  nerve 
in  the  forearm,  descends  in  front  of  the  interosseous  membrane  along  with  the 
anterior  interosseous  artery,  passes  behind  the  pronator  quadratus  muscle,  and 
terminates  by  supplying  articular  filaments  to  the  radio-carpal  articulation.  In  its 
course  the  nerve  supplies  muscular  branches  to  the  flexor  longus  pollicis,  the  outer 
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lialf  of  tlie  flexor  profundus  digitoruin,  and  tlie  pronator  (piadratus,  minute 
medullary  -branches  to  the  radius  and  ulna,  and  twigs  to  the  periosteimi  and 
interosseous  membrane. 

(4)  Palmar  Cutaneous  Branch. — In  the  lower  third  of  the  forearm  a  small 
cutaneous  branch  arises,  which  pierces  the  deep  fascia  and  crosses  the  anterior 
annular  ligament  to  reach  the  palm  of  the  hand.  It  supplies  tlie  skin  of  the  palm 
and  communicates  witli  a  similar  branch  of  the  ulnar  nerve.  This  branch  is  not 
always  present. 

Branches  in  the  Hand. — In  the  liand  the  median  nerve  gives  oft'  its  terminal 

branches.  These  are 
muscular  and  cutaneous. 

The  main  muscular 
branch  arises  just  below 
the  anterior  annular 
ligament  and  passes  out- 
wards to  the  base  of  the 
thenar  eminence ;  enter- 
ing the  ball  of  the  thumb 
superficially  on  the  inner 
side,  it  supplies  branches 
to  the  abductor  pollicis, 
opponens  pollicis,  and 
the  superficial  head  of 
the  flexor  brevis  pollicis. 

The  cutaneous 
branches  are  five  in 
number.  Three  separ- 
ate branches  supply 
each  side  of  the  thumb 
and  the  radial  side  of 
the  index  finger.  The 
two  remaining  branches 
subdivide  at  the  cleft 
between  the  second 
and  third,  and  the  third 
and  fourth  fingers  re- 
spectively, into  branches 
which  supply  the  ad- 
jacent sides  of  the 
second  and  third,  and 
the  third  and  fourth 
fingers.  From  the 
nerves  which  supply  re- 
spectively the  radial  side 
of  the  index  finger,  and 
the  contiguous  sides  of 
the  index  and  third 
fingers,  fine  muscular 
branches  arise  for  the 
two  outer  lumbrical 
muscles.  The  cutaneous 
branches  of  the  median 
nerve  are  placed  in  the 
palm  between  the  super- 
ficial palmar  arch  and 
the  flexor  tendons.  They 
become  superficial  at  the  roots  of  the  fingers  between  the  slips  of  the  palmar  fascia, 
or,  in  the  case  of  the  nerves  to  the  thumb  and  radial  side  of  the  index  finger,  at 
the  outer  edge  of  the  central  portion  of  the  palmar  fascia.    In  the  fingers  they 


Fio.  432.- 


(A) 


-The  Disthibution  of  Cutaneous  Nerves  on  the  Front  of 
THE  Arm  and  Hand. 

represents  the  distribution  of  the  several  nerves,  the  letters  indicating 
their  nomenclature.  Acr,  Acromial  branch  (cervical  plexus)  ;  CiRC, 
Cutaneous  branch  of  circumflex  nerve  ;  M.Se,  Superior  external 
cutaneous  branch  of  niusculo-spiral  nerve  ;  M.C,  Musculo-cutaneous 
nerve  ;  M,  Median  nerve  ;  U,  Ulnar  nerve  ;  I.C,  Internal  cutaneous 
nerve;  L.I.  C,  Les.ser  internal  cutaneous  nerve  (Wrisberg) ;  I.H,  Inter- 
costo-humeral  nerve  ;  T.2,  3,  4,  5,  6,  Anterior  and  lateral  branches  of 
intercostal  nerves. 

(B)  is  a  schematic  representation  of  the  areas  supplied  by  the  above  nerves, 
the  lettering  indicating  the  spinal  origin  of  the  branches  of  distribution 
to  each  area.    V.A.L,  Ventral  axial  line. 
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are  placed  superfcial  to  the  digital  arteries,  and  are  distributed  to  the  sides  and 
front  of  the  fingers.  Each  nerve  supplies  one  or  more  dorsal  branches,  which 
supply  the  skin  on  the  dorsal  aspect  of  the  terminal  phalanx  of  the  thumb  and 
tlie  two  distal  phalanges  of  the  first  two  and  a  half  fingers,  thus  making  up  for 
the  deficiency  of  the  radial  nerve  in  these  situations. 

Ulnar  Nerve. 

The  ulnar  nerve  (n.  ulnaris)  arises  from  the  inner  cord  of  the  brachial  plexus, 
from  the  eighth  cervical  and  first  thoracic  nerves.  In  the  axilla  it  lies  between  the 
axillary  artery  and  vein,  and  behind  the  internal  cutaneous  nerve ;  in  the  upper 
half  of  the  upper  arm  it  lies  on  the  inner  side  of  the  brachial  artery  in  front  of  the 
triceps  muscle.  In  the  lower  half  of  the  arm  it  is  separated  from  the  brachial 
artery ;  and  passing  behind  the  intermuscular  septum,  and  in  front  of  the  inner 
head  of  the  triceps  in  company  with  the  inferior  profunda  artery,  it  reaches  the^  - 
interval  between  the  internal  condyle  of  the  humerus  and  the  olecranon  process. 
It  is  here  protected  by  an  arch  of  deep  fascia  stretching  between  the  internal 
condyle  and  the  olecranon  process.  It  enters  the  forearm  between  the  humeral 
and  ulnar  origins  of  the  flexor  carpi  ulnaris,  and  courses  downwards  between  the 
flexor  carpi  ulnaris  and  flexor  profundus  digitorum.  In  the  lower  half  of  the 
forearm  it  becomes  comparatively  siiperficial,  lying  on  the  inner  side  of  the  ulnar 
artery  beneath  the  tendon  of  the  flexor  carpi  ulnaris.  Just  above  the  anterior 
annular  ligament  of  the  wrist,  and  external  to  the  pisiform  bone,  it  pierces  the 
deep  fascia  in  company  with  the  artery  and  passes  into  the  hand  over  the  anterior 
annular  ligament.  Eeaching  the  palm  it  divides  beneath  the  palmaris  brevis 
muscle  into  its  two  terminal  branches. 

Oommunications.  —  (1)  The  ulnar  nerve  communicates  iu  some  cases  with  the 
median  nerve  in  the  forearm  ;  (2)  with  the  internal  cutaneous  and  sometimes  the  median 
nerve  by  its  palmar  cutaneous  branch  ;  (3)  with  the  cutaneous  part  of  the  median  nerve 
in  the  palm  by  means  of  its  terminal  cutaneous  branch ;  (4)  with  the  radial  nerve  on 
the  dorsum  of  the  hand  by  means  of  its  dorsal  branch. 

Branches. — The  ulnar  nerve  gives  off  no  branches  till  it  reaches  the  forearm. 

In  the  forearm  it  gives  off  articular,  muscular,  and  cutaneous  branches.  The 
articular  branch  is  distributed  to  the  elbow  joint  and  arises  as  the  nerve  passes 
behind  the  internal  condyle. 

The  muscular  branches  arise  as  soon  as  the  nerve  enters  the  forearm.  They  are 
distributed  to  the  muscles  between  which  the  ulnar  nerve  lies — the  flexor  carpi 
ulnaris  and  the  inner  half  of  the  flexor  profundus  digitorum. 

The  cutaneous  branches  are  two  in  nvmiber,  palmar  and  dorsal. 

The  palmar  cutaneous  branch  is  variable  in  size  and  position.  It  pierces  the 
deep  fascia  in  the  lower  third  of  the  forearm  and  passes  to  the  hypothenar 
eminence  and  palm  of  the  hand,  to  which  it  is  distributed.  It  gives  branches  to 
the  ulnar  artery,  and  communicates  often  with  the  internal  cutaneous  and  palmar 
branch  of  the  median  nerve. 

The  dorsal  cutaneous  branch  is  much  larger  (Fig.  43.3,  p.  588).  It  arises  from  the 
ulnar  nerve  in  the  middle  third  of  the  forearm ;  and,  directed  obliquely  downwards 
and  backwards  beneath  the  tendon  of  the  flexor  carpi  idnaris,  it  becomes  cutaneous 
on  the  inner  side  of  the  forearm  in  its  lower  fourth.  It  passes  on  to  the  back  of  the 
hand,  and  after  giving  off  branches  to  the  skin  of  the  wrist  and  hand,  which  com- 
municate with  the.  radial-  nerve,  it  terminates  in  two  branches,  to  supply  the  little 
finger  and  half  the^ring-finger  in  the  following  way  : — the  inner  branch  courses  along 
the  inner  side  of  the  dorsum  of  the  hand  and  little  finger  :  the  outer  branch  subdivides 
at  the  cleft  between  the  ring  and  little  fingers  to  supply  the  adjacent  sides  of  these 
fingers ;  this  branch  communicates  with  the  radial  nerve.  The  nerve  may  supply 
two  and  a  half  fingers  on  the  dorsum  of  the  hand. 

In  the  palm  the  ulnar  nerve  supplies  a  small  muscular  branch  to  the  palmaris 
brevis  muscle,  and  then  subdivides  into  its  terminal  branches,  which  are  named 
superficial  and  deep. 
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The  superficial  branch  is  purely  cutaneous ;  it  passes  downwards  beneath  the 
pahnar  fascia,  and  subdivides  into  an  inner  and  an  oiiter  branch.    The  inner 

branch  courses 
along  the  inner 
l)order  of  the  little 
finger,  which  it 
supplies  on  its 
palmar  aspect.  The 
outer  branch  be- 
comes superficial  at 
the  cleft  between 
the  fourth  and  fifth 
fingers,  between 
the  slips  of  the 
palmar  fascia,  and 
subdivides  into  two 
branches  which 
supply  the  adjacent 
sides  of  these  fingers 
on  their  palmar 
aspect.  It  com- 
municates with  the 
adjacent  digital 
branch  of  the 
median  nerve. 

The  deep  branch 
is  purely  muscular. 
It  separates  from 
the  superficial 
branch,  and  passes 
deeply  between  the 
fiexor  brevis  and 
abductor  minimi 
digiti  muscles ;  it 
supplies  these 
miascles  and  the 
opponens  minimi 
digiti,  and,  turning 
outwards  along  the 
line  of  the  deep 
palmar  arch  and 
under  cover  of  the 
deep  flexor  tendons, 
it  supplies  branches 
to  the  following 
muscles :  the  in- 
terossei,  two  inner 
(third  and  fourth) 
lumbricales  (on 
their  deep  sur- 
of  the  flexor  brevis 


Fig.  433. 


-The  Distribution  of  Cutaneous  Nerves  on  the  Back  of  the 
Arm  and  Hand. 

(A)  represents  tlie  di.stribution  of  the  several  nerves,  the  letters  indicating  their 

nomenclature.  AcR,  Acromial  branches  (cervical  plexus)  ;  CiRC,  Cutaneous 
branch  of  circumflex  nerve  ;  Ms.E.C.s,  Ms.E.C.i,  Superior  and  inferior  external 
cntaneous  branches  of  musculo-spiral  nerve  ;  M.C,  Muscnlo-cutaneous  nerve  ; 
R,  Radial  nerve  ;  M,  Branches  of  median  nerve  to  fingers  ;  U,  Ulnar  nerve  ; 
I.C,  Internal  cutaneous  nerve  ;  Ms.I.C,  Internal  cutaneous  branch  of  musculo- 
spiral  nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  (Wrisberg)  ;  I.E.  Inter- 
costodiunieral  ;  T.l,  2,  3,  4,  5,  6,  Lateral  and  posterior  branches  of  upper 
thoracic  nerves. 

(B)  is  a  schematic  representation  of  the  areas  supplied  by  the  above  nerves,  the 

lettering  indicating  the  spinal  origin  of  the  branches  of  distribution  to  each 
area.    D.A.L,  Dorsal  axial  line. 

faces),  the  adductores,  obliquus  and  transversus,  and  deep  part 
pollicis. 

Internal  Cutaneous  Nerve. 

The  internal  cutaneous  nerve  (n.  cutaneus  brachii  medialis)  arises  from 
the  inner  cord  of  the  brachial  plexus,  from  the  eighth  cervical  and  first  thoracic 
nerves  (Figs.  432  and  433).  In  the  axilla  and  upper  half  of  the  arm  it  lies  superficial 
to  the  main  arteries.  It  becomes  cutaneous  by  piercing  the  deep  fascia  about  the 
middle  of  the  inner  side  of  the  upper  arm,  and,  accompanying  the  basilic  vein 
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through  the  lower  half  of  the  arm,  it  divides  at  the  front  of  the  elbow  into  its 
two  terminal  branches. 

Communication. — The  internal  cutaneous  nerve  communicates  with  the  palmar 
branch  of  the  ulnar  nerve  in  the  lower  part  of  the  forearm. 

Branches. — In  the  arm,  as  soon  as  it  becomes  superficial,  the  internal  cutaneous 
nerve  gives  off  a  branch  which  supplies  the  skin  of  the  lower  half  of  the  anterior 
surface  of  the  arm  on  its  inner  side.    At  the  elbow  it  divides  into  two  terminal 
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Rhoinboideiis 
major 

Scapular  fascia  - 
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Triceps  (outer  head) 
Brachialis  anticus 

Triceps  (inner  head) 
External  intermuscular  septum 

1  External  cutaneous 
J-  branches  of  musculo- 
j  spiral 


Bracliio-radialis 


Extensor  carpi  radialis  longior 


Tf-; —  Anconeus 


branches — anterior  and  internal, 
which,  crossing   over  or 
the  median  basilic  vein,  are  dis- 
tributed to  the  inner  side  of  the 
forearm. 

The  anterior  branch  can  be 
followed  to  the  wrist  and  sup- 
plies the  whole  of  the  front  of 
the  forearm  in  .  the  inner  half ; 
the  internal  branch  is  not  so 
large,  and,  passing  obliquely 
backwards  and  downwards  over 
the  origins  of  the  pronator  and  434.-Deltoid  Region  and  Back  of  Arm. 

tiexor  muscles,  it  -is  distributed  to  the  upper  two-thirds  or  three-fourths  of  the 
posterior  aspect  of  the  forearm  on  the  inner  side. 


Flexor 
carpi - 
ulnaris 


Extensor  muscles  of  forearm 
(common  tendon) 


Lesser  Internal  Cutaneous  Nerve. 

The  lesser  internal  cutaneous  nerve  (n.  cutaneus  brachii  medialis  minor)  arises 
from  the  inner  cord  of  the  brachial  plexus,  and  ultimately  from  the  first  thoracic 
nerve  (Fig.  429,  p.  581).  It  lies  at  first  between  the  axillary  artery  and  vein ;  and 
after  descending  over,  under,  or  even,  in  some  cases,  through  the  axillary  vein,  it 
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perforates  the  deep  fascia  on  the  inner  side  of  the  arm,  and  is  distributed  to  the  skin 
of  the  upper  lialf  or  more  of  the  upper  arm  in  its  inner  side. 

The  nerve  varies  considerably  in  size.  It  may  be  absent,  its  jilace  being  taken  by  branches 
of  the  intercosto-humeral  or  by  brandies  from  the  internal  cutaneous  branch  of  the  musculo- 
spiral.  It  generally  bears  a  distinct  relation  in  size  to  the  intercosto-humeral,  due  to  the  fact 
that  the  size  of  the  latter  depends  upon  tlie  size  of  the  part  of  the  second  thoracic  nerve  con- 
nected with  the  first  in  the  thorax.  If  an  intra-thoracic  connexion  occurs  between  the  first  and 
second  thoracic  nerves,  the  intercosto-humeral  may  be  deprived  of  a  certain  number  of  its 
fibres,  which  in  that  case  reach  the  upper  limb  through  the  lesser  internal  cutaneous  nerve. 
When  traced  up  to  the  plexus  tlie  lesser  internal  cutaneous  is  found  to  have  an  origin  from  the 
back  of  the  cord  formed  by  the  eighth  cervical  and  first  thoracic  nerves,  and  usually  receives 
fibres  from  the  first  thoracic  nerve  only.  In  cases  wliere  "  axillary  arches  "  are  present  they  may 
be  supplied  by  this  nerve. 

Circumflex  Nerve. 

The  circumflex  nerve  (n.  axillaris),  at  its  origin  is  just  below  the  supra- 
scapular and  comes  from  the  same  spinal  nerves — the  fifth  and  sixth  cervical 
nerves  (Fig.  429,  p.  581).  Extending  downwards  and  outwards  behind. the  axillary 
artery,  it  leaves  the  axilla  by  passing  round  the  external  border  of  the  subscapularis 
muscle,  in  company  with  the  posterior  circumflex  artery,  in  a  quadrilateral  space 
bounded  by  the  humerus,  subscapularis,  triceps  (long  head),  and  teres  major. 
Winding  round  the  surgical  neck  of  the  humerus  from  within  outwards,  it 
terminates  under  the  deltoid  by  supplying  that  muscle  (Fig.  434,  p.  589). 

Branches. — Muscular  branches  are  supplied  to  the  teres  minor  and  deltoid 
muscles.  The  nerve  to  the  teres  minor  enters  the  outer  side  of  the  muscle.  It 
possesses  a  pseudo-ganglion,  a  thickening  of  fibrous  tissue,  on  its  trunk. 

Articular  branches  enter  the  back  part  of  the  capsule  of  the  shoulder  joint. 

A  cutaneous  branch  (n.  cutaneus  brachii  lateralis)  of  considerable  size  passes 
obliquely  downwaids  and  forwards  from  beneath  the  deltoid  muscle,  becoming 
superficial  at  its  posterior  border.  Sometimes  the  branches  pierce  the  muscle.  It 
supplies  the  skin  over  the  insertion  of  the  deltoid  and  the  iipper  half  of  the  arm 
on  the  outer  side  (Fig.  433,  p.  588). 

Musculo-Spiral  Nerve. 

The  musculo-spiral  nerve  (n.  radialis)  appears  to  be  the  continuation  into  the 
upper  limb  of  the  posterior  cord  of  the  brachial  plexus.  It  usually  takes  origin 
from  all  the  nerves  which  form  the  posterior  cord — the  fifth,  sixth,  seventh,  and 
eighth  cervical  nerves  (Fig.  429,  p.  581).  In  a  minority  of  cases  the  first  thoracic 
contributes  a  few  fibres,  and  more  frequently  the  fifth  cervical  nerve  is  excluded 
from  it.  It  extends  from  the  axilla  round  the  back  of  the  humerus  to  the  bend  of 
the  elbow,  where  it  ends  by  dividing  into  its  terminal  branches. 

In  the  axilla  it  lies  behind  the  axillary  artery,  in  front  of  the  subscapularis,  teres 
major,  and  latissimus  dorsi  muscles. 

In  the  arm,  in  the  upper  third,  it  lies  on  the  inner  side  of  the  humerus  behind 
the  brachial  artery,  and  upon  the  long  head  of  the  triceps.  In  the  middle  third  of 
the  arm  it  courses  obliquely  outwards  and  downwards  in  the  spiral  groove  of  the 
humerus,  along  with  the  superior  profunda  artery,  separating  the  long,  external, 
and  internal  heads  of  the  triceps  muscle  (Fig.  434,  p.  589).  In  the  lower  third  of 
the  arm,  piercing  the  upper  part  of  the  intermuscular  septum  at  the  outer  border 
of  the  triceps  muscle,  it  descends  to  the  bend  of  the  elbow  in  front  of  the  external 
condyle  of  the  humerus,  in  the  interval  between  the  brachio-radialis  and  brachialis 
anticus  muscles.  Under  cover  of  the  former  muscle,  in  the  hollow  of  the  elbow,  it 
divides  into  its  two  terminal  brandies,  the  radial  and  posterior  interosseous  nerves. 

The  collateral  branches  are  in  three  sets,  arising  (a)  on  the  inner  side,  (h)  on 
•the  back,  and  (c)  on  the  outer  side  of  the  humerus  (Fig.  -135). 

Branches  arising  internal  to  the  humerus. — 1.  Internal  cutaneous  (n.  cutaneus 
brachii  posterior). — This  branch,  arising  in  connnon  with  one  of  the  following,  or 
independently,  pierces  the  fascia  on  tlie  inner  side  of  the  arm  near  the  axilla.  It 
supplies  the  skin  of  the  inner  side  of  the  arm  in  the  upY>er  third,  above  and  l)ehind 
the  area  supplied  hy  the  lesser  internal  cutaneous  nerve  (Fig.  433,  p.  588).  This 
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nerve  varies  in  size,  according  to  the  bulk  of  the  lesser  internal  cutaneous  and 
intercosto-humeral  nerves. 

'1.  Muscular  branches  (rr.  musculares). — These  are  in  two  sets.  One  series  supplies 
the  long  head  of  tlie  triceps  muscle  near  its  origin ;  the 
other  series  enters  the  inner  head  of  the  muscle.  One 
of  the  latter,  separating  itself  from  the  rest,  accompanies 
the  ulnar  nerve  in  the  middle  third  of  the  arm,  and 
supplies  the  lower  part  of  the  muscle.  This  is  some- 
times called  the  collateral  ulnar  nerve. 

Branches  arising  on  the  back  of  the  humerus.  — 
Muscular  branches  arise  from  the  nerve  in  the  musculo- 
spiral  groove  for  the  supply  of  all  three  heads  of  the 
triceps  muscle.  The  branch  which  enters  the  inner 
head  of  the  muscle,  besides  supplying  it,  passes  through 
the  muscle  aiid  behind  the  external  condyle  of  the 
humerus,  to  terminate  in  the  anconeus. 

Branches  arising  at  the  outer  side  of  the 
humerus. — 1.  The  cutaneous  branches  (n.  cutaneus  anti- 
brachii  dorsalis)  are  two  in  number,  superior  and  inferior. 
Arising  from  the  musculo-spiral  nerve  before  it  pierces 
the  external  intermuscular  septum,  these  branches 
pierce  the  deep  fascia  close  together  on  the  outer  side 
of  the  arm  in  its  lower  half.  Descending  over  the  back 
of  the  external  condyle,  the  superior  branch  supplies  the 
skin  of  the  outer  side  and  back  of  the  arm  in  its  lower 
third,  and  the  back  of  the  forearm  in  its  upper  half. 
The  inferior  hranch  supplies  an  area  of  skin  on  the  back 
of  the  forearm  in  the  upper  two-thirds  internal  to  the 
area  innervated  by  the  musculo-cutaneous  nerve  (Fig. 
43.3,  p.  588). 

2.  Muscular  branches. — The  musculo-spiral  nerve,  as 
it  lies  in  the  interval  between  the  brachialis  anticus 
and  brachio-radialis,  supplies  a  small  branch  to  the 
brachialis  anticus  (which  in  some  cases  is  not  present) 
and  nerves  to  the  brachio-radialis  and  extensor  carpi 
radialis  longior.  It  may  also  provide  the  nerve  to  the 
extensor  carpi  radialis  brevior. 


Fig.  435. — Diagrammatic  Repre- 
sentation OP  THE  Branches 
OF  THE  Musculo-spiral  Nerve. 

M.S,  Musculo-spiral  nerve  ;  L.H, 
Nerve  to  long  head  of  triceps  ; 
I.C,  Internal  cutaneous  branch  ; 
I.H,  Nerve  to  inner  head  of 
triceps ;  O.H,  Nerve  to  outer  head 
of  triceps  ;  I.H,  Second  nerve  to 
inner  head  of  triceps  ;  Anc, 
Nerve  to  anconeus  ;  Art,  Ar- 
ticular Lranch  ;  E.C's,  Superior 
external  cutaneous  branch  ;  E.Ci, 
Inferior  external  cutaneous 
branch  ;  B.A,  Nerve  to  brachialis 
anticus  ;  Br,  Nerve  to  brachio- 
radialis  ;  E.C'.R.L,  Nerve  to  ex- 
tensor carpi  radialis  longior  ;  P.I, 
Posterior  interosseous  nerve  ;  R, 
Radial  nerve. 


Radial  Nerve. 

-  The  radial  nerve  (r.  superficialis)  is  entirely 
cutaneous  in  its  distribution.  Arising  in  the  hollow  of 
the  elbow  beneath  the  brachio-radialis.  it  courses  down- 
wards under  cover  of  that  muscle  through  the  upper 
two-thirds  of  the  arm,  and  accompanies  the  radial  artery 
in  the  middle  third  of  the  forearm.  It  then  passes 
backwards  beneath  the  tendon  of  the  brachio-radialis 
and  pierces  the  deep  fascia  in  the  outer  side  of  the  fore- 
arm in  the  lower  third.  It  is  distributed  to  the  skin  of  the  back  of  the  wrist, 
the  outer  side  and^  the  back  of  the  hand,  and  the  back  of  the  thumb  and  outer 
two  and  a  half  fingers  (Fig.  433,  p.  588).  Its  branches  communicate  on  the  ball 
of  the  thumb  With  the  musculo-cutaneous  nerve,  and  on  the  back  of  the  hand  with 
the  dorsal  branch  of  the  ulnar  nerve.  The  digital  branches  are  small,  and  are  five 
in  number.  Two  pass  to  the  back  of  the  thumb  and  reach  the  inter-phalangeal 
articulation.  One  supplies  the  radial  side  of  the  index  finger  as  far  as  the  second 
phalanx.  The  remaining  two  branches  divide  at  the  clefts  between  the  second  and 
third,  and  third  and  fourth  fingers  respectively,  and  innervate  the  adjacent  sides  of 
these  fingers  as  far  as  the  second  phalanx.  The  rest  of  the  skin  of  these  digits  to 
the  tips  is  supplied  by  digital  branches  of  the  median  nerve; 
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Posterior  Interosseous  Nerve. 


External  condyle 


Extensor  iniis 

(orif,'ii 


The  posterior  interosseous  nerve  (r.  iirofuudus,  n.  iuterosseus  antibrachii 
dorsalis)  is  entirely  muscular  and  articular  in  its  distribution,  and  it  arises  like 

the  radial  beneath  the  brachio- 
radialis  muscle.  Directed 
obliquely  downwards  and 
backwards,  it  reaches  the  back 
of  the  forearm,  after  passing 
round  the  outer  side  of  the 
radius,  by  piercing  the  fibres 
of  the  supinator  radii  brevis 
muscle  (Fig.  436).  On  the  back 
of  the  forearm  it  is  placed  in 
the  upper  part  of  its  course  be-' 
neath  the  superficial  extensor 
muscles,  and  upon  the  sup- 
inator radii  brevis  and  ex- 
tensor ossis  metacarpi  pollicis, 
along  with  the  posterior  inter- 
osseous artery.  In  the  lower 
half  of  the  forearm  it  passes- 
beneath  the  extensor  longus 
pollicis,  and  lies  upon  the 
interosseous  membrane.  At 
the  wrist  it  passes  beneath 
the  extensor  tendons  on  to 
the  back  of  the  carpus,  where 
it  terminates  in  a  gangliform 
enlargement  of  small  size, 
from  which  blanches  pass  to 
the  inter-carpal  articulations. 
The  posterior  interosseous 
nerve  supplies  the  following 
branches : — 

(1)  Terminal  articular 
branches  to  the  carpal  joints. 

(2)  Muscular  branches,  in 
its  course  through  the  forearm. 
Thus  on  the  outer  side  of  the 
radius  it  supplies  the  extensor 
carpi  radialis  l)revior  and  the 
supinator  brevis  muscle  before 
it  enters  the  fibres  of  the  last- 
named  muscle.  After  emerg- 
ing from  the  supinator  brevis 
it  supplies  a  large  bundle  of 
nerves  which  enter  the  extensor 
communis  digitorum,  extensor 
minimi  digiti,  and  extensor 
carpi  ulnaris  near  their  origins. 
Lower  down  the  forearm  the 
nerve  gives  off  branches  to 
the  extensor  ossis  metacarpi 
pollicis,  extensor  longus  and 

extensor  brevis  pollicis,  and 
Fig.  436. — The  Muscles  of  the  Back  of  the  Forearm  ,         -  "    V  '« 

(the  superficial  muscles  have  been  reflected).  eXtCnSOr  lUQlClS. 
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pollicis 

First  dorsal  inter- 
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Subscapular  Nerves. 

There  are  three  subscapular  nerves  (nn.  subscapulares)  (Figs.  429  and  431). 

The  first  or  short  subscapular  nerve  is  generally  double,  and  there  may  be 
three  trunks  present.  It  arises  from  the  posterior  cord  of  the  plexus  behind  the 
circumflex  nerve,  and  from  the  fifth  and  sixth  cervical  nerves.  It  passes  downwards 
behind  the  axillary  artery  and  enters  the  subscapularis  muscle. 

The  second  or  lower  subscapular  nerve  also  arises  behind  the  circumflex 
from  the  posteiior  cord  of  the  plexus,  and  from  the  fifth  and  sixth  cervical  nerves. 
Its  origin  is  below  and  external  to  that  of  the  fisst  nerve.  It  courses  outwards  and 
downwards  behind  the  axillary  artery,  and  below  the  circumflex  and  musculo- 
spiral  nerves  to  the  teres  major  muscle.  It  supplies  branches  to  the  outer  part  of 
tlae  subscapularis  muscle  and  ends  in  the  teres  major. 

The  third  or  long  subscapular  nerve  (n.  thoraco-dorsalis)  arises  from  the  back 
of  the  posterior  cord  of  the  plexus,  behind  the  niusculo-spiral  nerve,  and  from  the 
sixth,  seventh,  and  eighth  cervical  nerves,  or  from  the  seventh  and  eighth  nerves  only. 
It  is  directed  downwards  and  outwards  between  the  two  previous  nerves,  behind  the 
axillary  artery  and  over  the  posterior  wall  of  the  axilla,  in  company  with  the  sub- 
scapular artery,  to  the  latissimus  dorsi  muscle,  which  it  supplies  on  its  anterior 
(inner)  surface. 

THOEACIC  NERVES. 

The  thoracic  nerves  are  twelve  in  number,  each  nerve  emerging  below  the 
corresponding  vertebra  and  rib.  Eleven  of  the  series  are  intercostal,  the  twelfth 
lying  below  the  last  rib.  The  first,  second,  third,  and  twelfth  nerves  present 
peculiarities  in  their  course  and  distribution.  The  other  thoracic  nerves,  as  already 
stated,  are  simple,  and  may  be  regarded  as  types  both  in  course  and  distribution. 

The  first  thoracic  nerve  is  the  largest  of  the  series.  It  emerges  from  the 
spinal  canal  below  the  neck  of  the  first  rib,  and  divides  in  the  first  intercostal 
space  into  two  very  unequal,  upper  and  lower,  parts.  The  wpper  larger  part  ascends 
obliquely  over  the  neck  of  the  first  rib,  lying  external  to  the  superior  intercostal 
artery,  and  enters  the  neck  behind  the  subclavian  artery  and  the  pleura.  It  pro- 
ceeds outwards  upon  the  scalenus  medius  muscle  and  enters  into  the  formation  of 
the  brachial  plexus,  as  already  described. 

The  lower,  intercostal  part  of  the  nerve  is  much  smaller  in  size.  It  courses 
forwards  in  the  first  intercostal  space  and  supplies  the  intercostal  muscles.  It 
usually  gives  off  no  anterior  branch  to  the  skin  of  the  chest  and  no  lateral 
cutaneous  branch. 

In  some  cases  a  lateral  cutaneous  branch  emerges  from  the  side  of  the  first  intercostal  space. 
This  may  be  derived  from  the  first  nerve,  or  it  may  be  the  intercosto-liumeral  nerve,  derived 
from  the  second  tlioracic  nerve.  In  many  cases  an  anterior  cutaneous  branch  perforates  the  first 
intercostal  space  and  supplies  the  skin  on  tlie  front  of  tlie  chest.  Tliis  branch,  similarly,  is  some- 
times traceable  to  the  second  thoracic  nerve. 

Communications. — Besides  its  junction  with  the  eighth  cervical  to  form  the 
brachial  plexus,  the  first  thoracic  nerve  effects  the  following  communications : — (a)  The 
last  cervical  or  first  thoracic  ganglion  of  the  sympathetic  sends  a  gray  ramus  communi- 
cans  to  join  the  nerve  on  its  appearance  in  the  thorax.  (6)  The  second  thoracic  nerve  in 
a  majority  of  cases  communicates  with  the  first.  This  communication  varies  considerably 
in  size  and  distribution.  It  may  reinforce  the  intercostal  branch  of  the  nerve,  it  may 
send  one  branch  to  the  intercostal  portion  and  another  to  the  part  of  the  nerve  joining 
the  brachial  plexus,  or  it  may  consist  of  a  nerve  proceeding  solely  to  join  the  brachial 
plexus  by  a  junction  in  the  first  intercostal  space  with  the  part  of  the  first  thoracic 
nerve,  which  is  engaged  in  foz-ming.  the  plexus. 

The  second  thoracic  nerve  is  of  large  size,  though  mucli  smaller  than  the 
first.  It  passes  forwards  in  the  second  intercostal  space,  lying  at  first  in  the  sub- 
costal groove  between  the  external  and  internal  intercostal  muscles.  At  the  level 
of  the  mid-axillary  line  it  gives  off  a  large  lateral  branch ;  continuing  its  course 
it  pierces  the  internal  intercostal  muscle  and  lies  upon  the  pleura ;  finally,  at  the 
38 
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lateral  border  of  the  sternum,  it  passes  forwards  iu  front  of  the  internal  mammary 
artery  and  through  the  internal  intercostal  muscle,  and  the  aponeurosis  of  the 
external  intercostal  muscle,  and  ends  by  supplying  the  skin  of  the  front  of  the 
chest  over  the  second  intercostal  space. 

The  nerve  supplies  the  following  branches  : — 

1.  Muscular  branches  to  the  muscles  of  the  second  intercostal  space. 

2.  Cutaneous  branches,  (a)  Anterior  terminal  branches  (rr.  cutaneus  anterior)  to 
the  skin  over  the  second  intercostal  space  (Fig.  438).  (b)  A  large  lateral  cutaneous  branch, 
the  intercosto-humeral  nerve  (n.  intercosto-brachialis)  (Fig.  429,  p.  581).  This  nerve 
pierces  the  intercostal  muscles  and  the  serratus  magnus,  and,  crossing  the  axilla,  extends 
to  the  arm.  It  pierces  the  deep  fascia  just  beyond  the  posterior  fold  of  the  axilla,  and 
can  be  traced  down  the  arm  as  far  as  the  interval  between  the  internal  condyle  of  the 
humerus  and  the  olecranon  process.  It  supplies  an  ai-ea  of  skin  stretching  across  the 
armpit  and  along  the  posterior  surface  of  the  arm  on  the  inner  side  as  far  as  the  elbow 
(Fig.  432,  p.  586). 

The  intercosto-hnnieral  nerve  varies  in  size.  It  may  pierce  the  first  intercostal  space,  and  it 
is  often  divisible  into  anterior  and  posterior  branches,  like  the  lateral  branch  of  an  ordinary 
intercostal  nerve. 

Communications.- — -(I)  The  intercosto  -  hmneral  nerve  communicates  with  two 
adjacent  nerves.  Either  before  or  after  piercing  the  fascia  of  the  axilla  it  is  joined-by  the 
lesser  internal  cutaneous  nerve  of  the  brachial  plexus.  It  also  communicates  with  the 
posterior  part  of  the  lateral  branch  of  the  third  intercostal  nerve  by  means  of  the  branches 
disti'ibuted  to  the  floor  and  boundaries  of  the  axilla.  It  mdj  supply  the  axillary  arches, 
when  present.  (2)  Besides  the  branches  referred  to,  the  second  thoracic  nerve  in  many 
cases  transmits  a  nerve  to  the  brachial  plexus,  which  becomes  incorporated  with  the  first 
thoracic  nerve  after  passing  over  the  neck  of  the  second  rib.  This  branch  is  inconstant. 
As  already  mentioned,  it  may  join  only  the  intercostal  part  of  the  first  thoracic  nerve,  it 
may  join  the  brachial  plexus  only,  or  it  may  send  bi-anches  to  both  parts  of  the  first  thoracic 
nerve.    (3)  Besides  the  communications  effected  by  branches  of  the  second  thoracic  nerve 

in  its  course,  it  also  receives  a  gray  ramus 
communicant  from  the  second  thoracic  gan- 
glion of  the  sympathetic  cord  in  the  thorax. 
It  probably  also  sends  to  the  sympathetic 
the  first  white  ramus  conmiunicans,  though 
this  is  not  known  with  certainty. 

The  third  thoracic  nerve  only  differs 
from  a  typical  thoracic  nerve  in  one 
respect.  Its  lateral  branch  divides  in 
the  usual  way  into  anterior  and  posterior 
parts,  of  which  the  latter  is  carried  to  the 
arm  and  supplies  an  area  of  skin  on  the 
posterior  half  of  the  inner  side  near  the 
root  of  the  Umb.  It  effects  a  junction  with 
the  intercosto-humeral  (Fig.  429,  p.  581). 

The  fourth,  fifth,  and  sixth  thoracic 
nerves  have  a  course  and  distribution 
which  is  simple  and  typical.  Except 
for  the  peculiarities  above  mentioned, 
the  second  and  third  thoracic  nerves  have 
a  similar  distribution. 

The  nerves  appear  on  the  posterior 
wall  of  the  thorax,  in  the  subcostal  groove 
of  the  corresponding  rib.  They  extend 
forwards  between  the  intercostal  muscles 
as  far  as  the  middle  of  the  chest  wall, 
lying  at  a  lower  level  than  the  intercostal  vessels.  At  the  side  of  the  chest 
each  nerve  passes  obliquely  through  the  internal  intercostal  muscle,  and  comes  to 
lie  upon  the  pleura,  triangularis  sterni  muscle,  and  internal  mammary  artery. 
Thereafter,  piercing  the  hbres  of  the  internal  interqostal  muscle  and  the 
aponeurosis  of  the  external  intercostal  muscle,  each  nerve  ends  by  supplying  the 
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Fio.  437. — Scheme  of  the  Distribution  of  a 
Typical  Spinal  Nehve. 
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skin  of  the  front  of 
the  chest,  over  an  area 
corresponding  to  the 
inner  or  anterior  part 
of  the  intercostal 
space  to  which  it  be- 
longs. 

Branches.  —  Each 
intercostal "  nerve 
supplies,  in  addition 
to  the  anterior  ter- 
minal cutaneous 
branches,  muscular 
h'anclies  to  the  inter- 
costal muscles  and  a 
lateral  trunk  (r.  cut- 
aneus  lateralis),  which, 
piercing  the  intercostal 
muscles  and  the  ser- 
ratus  'magnus,  divides 
into  anterior  and 
posterior  branches  for 
the  innervation  of  the 
skin  over  the  side  of 
the  chest.  Each  area  of 
skin  thus  innervated  is 
continuous  anteriorly 
with  the  area  inner- 
vated by  the  anterior 
terminal  branches  of 
the  same  nerves,  and 
posteriorly  with  the 
areas  supplied  by  their 
posterior  primary  divi- 
sions. 

The  upper  six  inter- 
costal nerves  supply 
the  muscles  of  the  first 
six  intercostal  spaces 
and  the  triangularis 
sterni  (3, 4,  5,  6).  The 
second,  third,  fourth, 
fifth,  and  sixth  nerves 
supply  the  skin  of  the 
front  of  the  chest :  the 
second,  opposite  the 
man  ubrio-sternal  joint ; 
the  sixth,  opposite  the 
base  of  the  xiphoid  car- 
tilage. Their  lateral 
branches  supply  the 
skin  of  the  side  of  the 
chest,  the  second  (in- 
tercosto-humei'al)  and 
the  third  in  part  being 
drawn  out  on  to  the 
arm.  The  fourth 
supplies  the  nipple 
(Fig.  438). 
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Fig.  438.- 


-The  Distribution  op  CuTANEons  Nekves  on  the  Front  of 
THE  Trunk. 


On  one  side  the  distribution  of  the  several  nerves  is  represented,  the  letters 
indicating  their  nomenclature. 

G.A,  Great  auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  S.Cl,  Supra- 
clavicular nerves  ;  AcR,  Acromial ;  Cl,  Clavicular  ;  St,  Sternal  ;  T.2-12, 
Lateral  and  anterior  branches  of  thoracic  nerves  ;  I.H,  Ilio-hypogastric 
nerve  ;  I.I,  Ilio-inguiaal  nerve  ;  CiRC,  Cutaneous  branch  of  circumflex 
nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  ;  I.H,  Intercosto-humeral  ; 
I.C,  Internal  cutaneous  ;  M.S,  Cutaneous  branch  of  musculo-spiral  nerve  ; 
E.C, External  cutaneous  nerves  ;  G.C,  Genito-crural  nerve  ;  M.C^  Middle 
cutaneous  nerves  ;  I.C\  Branch  of  internal  cutaneous  nerve  ;  P,  Branches 
of  pudic  nerve  ;  S.Sc,  Branches  of  small  sciatic  nerve. 

On  the  other  side  a  scliematic  representation  is  given  of  the  areas  supplied  by 
the  above  nerves,  the  numerals  indicating  the  spinal  origin  of  the  branches- 
of  distribution  to  each  area. 
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Communications.  —  Each  of  these  intercostal  nerves  conniiunicates  witli  the  sym- 
pathetic cord  and  ganglia  by  two  branches  —  a  white  ramus  communicans  to  the 
corresponding  synapathetic  ganglion  or  the  adjacent  part  of  the  sympathetic  cord  ;  and  a 
gray  ramus  communicans,  which  passes  to  each  nerve  from  the  corresponding  ganglion. 

The  seventh,  eighth,  ninth,  tenth,  and  eleventh  thoracic  nerves  only  differ 
from  the  preceding  nerves  in  regard  to  a  part  of  their  course  and  distribution. 
Each  has  the  same  course  and  communications  as  the  preceding  nerves  in 
the  thoracic  wall.  In  addition,  these  nerves  have  a  further  course  and  dis- 
tribution in  the  abdominal  wall.  Each  nerve  traverses  its  intercostal  space  in 
the  way  described.  At  the  anterior  end  of  the  space,  the  nerve  pierces  the  attach- 
ment of  the  diaphragm  and  the  transversalis  abdominis  muscles  to  the  costal 
cartilages,  and  courses  forwards  in  the  abdominal  wall  between  the  transversalis 
and  obliquus  internus  muscles.  The  nerve  then  passes  between  the  rectus  muscle 
and  the  posterior  layer  of  its  sheath,  and  eventually  reaches  the  anterior  abdominal 
wall  and  becomes  cutaneous  by  piercing  the  rectus  itself  and  the  anterior  layer 
of  its  sheath. 

Muscular  Branches. — The  lower  intercostal  nerves  supply  the  intercostal 
muscles  of  the  spaces  in  which  they  lie ;  and  in  the  abdominal  wall  they  innervate 
the  transversalis,  obliqui,  and  rectus  abdominis.  The  branches  arise  from  the 
main  trunk  as  well  as  from  its  lateral  and  anterior  branches.  (The  ninth,  tenth, 
and  eleventh  nerves  are  described  as  assisting  in  the  innervation  of  the  diaphragm 
by  communications  with  the  phrenic  nerve.) 

Cutaneous  Branches. — These  are  lateral  and  anterior.  The  lateral  branches 
divide  into  anterior  and  posterior  parts,  and,  becoming  superficial  along  the  line  of 
inter-digitation  of  the  obliquus  externus  muscle  with  the  serratus  magnus  and 
latissimus  dorsi,  they  are  directed  more  obliquely  downwards  than  the  lateral 
branches  of  the  higher  intercostal  nerves,  and  are  distributed  to  the  skin  of  the 
loin  as  low  down  as  the  buttock.  The  lateral  branch  of  the  eleventh  nerve  can  be 
traced  over  the  iliac  crest  (Fig.  438). 

The  anterior  branches  are  small.  That  of  the  seventh  nerve  innervates  the 
skin  at  the  level  of  the  ensiform  cartilage.  The  eighth  and  ninth  appear  between 
the  ensiform  cartilage  and  the  umbilicus ;  the  tenth  nerve  supplies  the  region  of  the 
umbilicus ;  and  the  eleventh,  the  area  immediately  below  the  umbilicus. 

The  cutaneous  branches  of  these  nerves,  including  the  posterior  primary  divisions,  thus  supply 
continuous  belts  of  skin,  which  can  be  maiiped  out  on  the  body  from  tlie  vertebral  column 
behind  to  the  middle  line  in  front.  These  areas  are  not  placed  horizontally,  but  tend  to  be 
drawn  downwards  as  the  series  is  followed  from  the  upper  to  the  lower  nerves. 

The  twelfth  thoracic  nerve  is  peculiar  in  its  course  and  distribution.  It 
emerges  below  the  last  rib  (Fig.  439),  and  passes  outwards  and  downwards  in  the 
posterior  abdominal  wall  under  cover  of  the  psoas  muscle,  and  between  the  external 
arcuate  ligament  and  the  quadratus  lumborum  muscle ;  it  pierces  the  transversalis 
muscle,  and  courses  forwards  in  the  interval  between  it  and  the  obliquus  internus 
to  the  sheath  of  the  rectus  muscle.  After  piercing  the  posterior  layer  of  the 
sheath,  the  rectus  muscle,  and  the  anterior  layer  of  the  sheath,  it  terminates  by 
supplying  the  skin  of  the  anterior  abdominal  wall  midway  between  the  umbilicus 
and  the  pubis.  The  branches  of  the  nerve  are  muscular,  to  the  transversalis, 
obliqui,  rectus,  and  pyramidalis  muscles  of  the  abdominal  wall,  and  cutaneous 
branches,  two  in  number — an  anterior  terminal  branch,  which  supplies  the  skin  of 
the  anterior  abdominal  wall  midway  between  the  umbilicus  and  the  pubis,  and  a 
large  lateral  cutaneous  (iliac)  branch,  which,  passing  obliquely  downwards  through 
the  lateral  muscles  of  the  abdominal  wall,  becomes  superficial  above  the  iliac  crest, 
a  couple  of  inches  behind  the  anterior  superior  spine.  It  supplies  the  skin  of  the 
buttock  as  far  down  as  a  point  below  and  in  front  of  the  great  trochanter  of  the 
femur  (Fig.  442,  p.  603). 

The  twelfth  thoracic  nerve,  in  many  cases,  receives  a  communicating  branch  from  the  eleventh, 
near  its  origin,  and  still  more  frequently  sends  a  fine  branch  to  join  the  origin  of  the  first 
lumbar  nerve  in  the  psoas  muscle.  It  may  communicate  also  with  the  ilio-hypogastric  nerve,  as 
they  lie  together  in  the  abdominal  wall. 
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The  lumbo-sacral  plexus  is  formed  by  the  union  of  the  anterior  primary  divisions 
of  the  remaining  spinal  nerves — five  lumbar,fivesacral,and  one  coccygeal.  Frequently, 


Fig.  439. — Nerves  op  the  Lumbo-Sacbal  Plexus. 
Sy,  Sympathetic  cord  ;  T.12,  L.l,  2,  3,  4,  5,  S.l,  2,  3,  4,  5,  Co,  Anterior  primary  divisions  of  the  last  thoracic, 
the  lumbar,  sacral,  and  coccygeal  nerves  ;  Q,  Nerves  to  quadratus  lumborum  ;  Ps,  Nerves  to  psoas 
muscle  ;  G.C,  Genito-crural  nerve  ;  11,  Iliac  branches  of  last  thoracic  and  ilio-hypogastric  nerves  ;  Hy, 
Hypogastric  branch  of  Ilio-hypogastric  nerve  ;  I.I,  Ilio-inguinal  nerve  ;  E.C,  External  cutaneous  nerve  ; 
A.C,  Anterior  crural  nerve  ;  Obt,  Obturator  nerve  ;  Py,  Nerves  to  pyriforniis  muscle  ;  O.I,  Nerve  to 
obturator  internus  ;  Q.F,  Nerve  to  quadratus  fenioris  muscle  ;  Art,  Articular  branch  ;  S.G,  Superior 
gluteal  nerve;  I.G,  Inferior  gluteal  nerve  ;  P,  Peroneal  nerve  ;  Bi.2,  Nerve  to  short  head  of  biceps  muscle  ; 
T,  Tibial  nerve  ;  Art,  Articular  branch  ;  H.S,  Nerve  to  the  harastiiug  muscles  ;  Bi.l,  Nerves  to  biceps 
(long  head),  and  St.l,  to  seniitendinosus  ;  St. 2,  Semitendinosus  ;  Sm,  Semimembranosus  ;  A.m,  Adductor 
magnus  ;  S.Sc,  Small  sciatic  nerve  ;  Perf,  Perforating  cutaneous  nerve  ;  Pud,  Pudic  nerve  ;  M,  Muscular 
branches  ;  Per,  Perineal  branch  of  fourth  sacral ;  A.Co,  Anterior  sacro-coccygeal  nerve. 
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a  fine  communicating  branch  of  the  twelfth  thoracic  nerve  joins  the  first  lumbar 
nerve  near  its  origin. 

Of  the  nerves  in  question  the  first  sacral  is  generally  the  largest  in  size,  the 
nerves  diminishing  gradually  above  and  rapidly  below  the  first  sacral.  The  plexus, 
for  the  most  part,  forms  the  nerves  destined  for  the  supply  of  the  lower  limb.  In 
addition,  however,  nerves  arise  at  its  upper  limit  which  are  distributed  to  the  trunk 
above  the  level  of  the  limb,  and  at  the  lower  end  of  the  plexus  nerves  arise  for  the 
supply  of  the  perineum. 

Partly  for  convenience  of  description,  and  partly  on  account  of  the  differences 
in  position  and  course  of  some  of  the  nerves  emanating  from  it,  the  plexus  is  sub- 
divided into  three  subordinate .  parts — lumbar,  sacral  or  sciatic,  and  pudendal 
plexuses.    There  is,  however,  no  strict  line  of  demarcation  between  these  parts. 

The  lumbar  plexus  is  formed  by  the  first  four  lumbar  nerves,  and  is  often 
joined  by  a  branch  from  the  twelfth  thoracic  nerve  as  well.  It  is  limited  below  by 
the  fourth  lumbar  nerve  (n.  furcalis),  which  also  enters  into  the  composition  of  the 
sciatic  or  sacral  plexus.  The  nerves  of  the  lumbar  plexus  are  formed  in  the  loin, 
and  supply  that  region  as  well  as  part  of  the  lower  limb.  They  are  separated 
from  the  nerves  of  the  sacral  portion  of  the  plexus  by  the  articulation  of  the  in- 
nominate bone  with  the  sacrum. 

The  sacral  or  sciatic  plexus  is  formed  by  the  fourth  and  fifth  lumbar,  and 
first  two  or  three  sacral  nerves.  It  is  generally  limited  below  by  the  third  sacral 
nerve  (n.  bigeminus),  which  also  assists  in  forming  the  pudendal  plexus.  The 
nerves  of  the  sacral  plexus  are  placed  on  the  posterior  wall  of  tlie  pelvis,  and  are 
destined  almost  entirely  for  the  lower  limb. 

The  pudendal  plexus  is  formed  by  the  second,  third,  fourth,  and  fifth  sacral 
nerves,  and  the  minute  coccygeal  nerve.  It  is  placed  on  the  back  wall  of  the 
pelvis  and  supplies  branches  mainly  to  the  perineum. 

Communications  with  the  Sympathetic. — Each  of  these  nerves  has  communica- 
tions with  the  gangliuted  cord  of  the  syinpatiietic  in  the  abdomen  and  pelvis. 

Gray  Rami  Communicantes.  —  From  tlie  huubar  and  sacral  ganglia  long  slender 
grmj  rami  communicantes  are  directed  backwards  and  oiitwards  over  the  bodies  of  the 
vertebra),  and  (in  the  lumbar  region)  beneath  the  origins  of  the  psoas  nuiscle,  to  reach  the 
anterior  primary  divisions  of  the  nerves.  These  branches  are  irregular  in  their  arrangement. 
A  given  nerve  may  receive  branches  from  two  ganglia,  or  one  ganglion  may  send  branches 
to  two  nerves.  The  rami  are  longer  in  the  loin  than  in  the  pelvis,  owing  to  the  projection 
of  the  lumbar  portion  of  the  vertebral  column. 

White  Rami  Communicantes. — Certain  lumbar  and  sacral  nerves  are  also  connected 
with  the  abdominal  and  pelvic  sympathetic  by  means  of  white  rami  communicantes.  From 
the  first  two,  and  possibly  also  the  third  and  fourth  lumbar  nei'ves,  white  rami  communi- 
cantes are  directed  forwards,  either  independently  or  incorporated  with  the  corresponding 
gray  rami,  to  join  the  upper  part  of  the  lumbar  gangliated  cord.  The  fifth  lumbar  nerve 
and  the  first  sacral  nerves  ai-e  unprovided  with  white  rami  communicantes.  From  the 
third,  and  sometimes  also  the  second  and  fourth  sacral  nerves,  white  rami  (visceral 
branches)  pass  inwards,  and,  crossing  over  (without  joining)  the  gangliated  cord,  join  the 
pelvic  plexus  of  the  sympathetic.  The  fifth  sacral  and  coccygeal  nerves  possess  no  white 
rami  communicantes. 

THE  LUMBAR  PLEXUS. 

The  lumbar  plexus  is  formed  by  the  anterior  primary  divisions  of  the  first  three 
and  a  part  of  the  fourth  lumbar  nerves,  with  the  addition,  in  some  cases,  of  a  small 
branch  from  the  twelfth  thoracic  nerve.  The  nerves  increase  in  size  from  above 
downwards  (Fig.  440). 

Position  and  Constitution. — The  plexus  is  placed  deeply  in  the  substance  of 
the  psoas  muscle,  in  front  of  the  transverse  processes  of  the  lumbar  vertebrae.  The 
nerves,  on  emerging  from  the  intervertebral  foramina,  are  connected  as  above  de- 
scribed with  the  sympathetic  system,  and  then  divide  in  the  following  manner  in 
the  substance  of  the  psoas  muscle : — The  first  and  second  nerves  divide  into  upper 
and  lower  branches.  The  upper  branch  of  the  first  nerve  (which  may  be  joined  by 
the  branch  from  the  twelfth  thoracic  nerve)  forms  two  nerves,  ilio  hypogastric  and 
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ilio-inguinal.  The  lower  branch  of  the  first  joins  the  upper  branch  of  the  second 
nerve,  to  produce  the  genito-crural  nerve.  The  lower  branch  of  the  second  nerve, 
the  whole  of  the  third,  and  that  part  of  the  fourth  nerve  engaged  in  the  con- 
stitution of  the  plexus  divide  each  into  two  unequal  parts — smaller  anterior  and 
larger  posterior  imrts.  The  smaller  anterior  portions  combine  together  to  form 
the  obturator  nerve,  which  is  thus  formed  by  the  second,  third,  and  fourth  lumbar 
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nerves.  The  root  from  the  second  nerve  is  not  always  present.  The  larger 
posterior  portions  of  the  same  nerves  combine  together  to  form  the  anterior 
crural  nerve.  From  the  back  of  the  posterior  parts  of  the  second  and  third 
nerves,  the  external  cutaneous  nerve  arises.  The  nerves  also  provide,  near  their 
origins,  irregular  muscular  branches,  for  the  psoas  aud  quadratus  lumborum 
muscles.  The  following  is  a  list  of  the  nerves  which  spring  from  the  lumbar 
plexus  (Figs.  439  and  440) : — 
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(1)  Muscular  branches  to  the  quadratus 


(4)  Genito-crural. 

(5)  Exterual  cutaneous. 

(6)  Obturator. 

(7)  Anterior  crural. 


lumborum  and  psoas. 

(2)  Ilio-hypogastric. 

(3)  Ilio-inguinal. 


The  nerves  to  the  quadratus  lumborum  muscle  arise  independently  from  the 
first  three  or  four  lumbar  nerves  (and  sometimes  also  from  the  twelfth  thoracic 
nerve).  The  nerves  to  the  psoas  muscles  arise  from  the  second  and  third  lumbar 
nerves,  with  additions,  in  some  cases,  from  the  first  or  fourth.  They  are  often 
associated  in  their  origin  with  the  nerve  to  the  iliacus  from  the  anterior  crural.  The 
psoas  minor,  when  present,  is  innervated  by  the  highest  of  the  nerves  in  question. 

The  iUo-hypogastric  and  ilio-inguinal  nerves  closely  resemble  in  their  course 
and  distribution  the  lower  thoracic  nerves,  with  which  they  are  in  series. 

The  ilio-hypogastric  nerve  (n.  ilio-hypogastricus)  is  the  highest  branch  of 
the  first  lumbar  nerve.  It  receives  fibres  also  from  the  twelfth  thoracic,  when  that 
nerve  communicates  with  the  first  lumbar  nerve.  After  traversing  the  psoas  muscle 
obliquely,  it  appears  at  its  outer  border  on  the  surface  of  the  quadratus  lumborum 
and  behind  the  kidney.  It  courses  through  the  loin,  lying  between  the  transversalis 
and  obliquus  internus  muscles,  above  the  crest  of  the  ilium.  About  an  inch  in  front  of 
the  anterior  superior  spine  it  pierces  the  obliquus  internus,  and  continiies  its  course 
in  the  groin  beneath  the  aponeurosis  of  the  obliquus  externus.  It  finally  becomes 
cutaneous  in  the  anterior  abdominal  wall,  by  piercing  the  aponeurosis  of  the  obliquus 
externus  about  an  inch  and  a  half  a])ove  the  external  abdominal  ring  (Fig.  442,  p.  603). 

Its  branches  are — (1)  muscular  to  the  muscles  of  the  abdominal  wall ;  and  (2) 
cutaneous  hranclies,  two  in  number.  The  iliac  branch  corresponds  with  the  lateral 
branch  of  an  intercostal  nerve,  and,  after  piercing  the  obliquus  internus  and 
obliqiius  externus,  becomes  cutaneous  just  above  the  iliac  crest,  below  and  behind 
the  iliac  branch  of  the  last  thoracic  nerve.  It  is  small,  and  may  be  absent.  It  is 
distributed  to  the  skin  over  the  upper  part  of  the  outer  side  of  the  buttock,  in  con- 
tinuity with  the  cutaneous  branch  of  the  posterior  primary  division  of  the  first 
lumbar  nerve.  The  hypogastric  branch  is  the  anterior  terminal  branch  of  the  nerve. 
It  supplies  the  skin  of  the  anterior  abdominal  wall  })elow  the  level  of  the  last 
thoracic  nerve  and  above  the  pubis. 

The  ilio-inguinal  nerve  (n.  ilio-inguinalis)  is  the  second  branch  given  off 
from  the  first  lumbar  nerve.  It  also  may  receive  fibres  from  the  last  thoracic 
nerve.  Not  unfrequently  the  ilio-hypogastric  and  ilio-inguinal  nerves  are  repre- 
sented for  a  longer  or  shorter  part  of  their  course  by  a  single  trunk.  When  separate 
the  nerve  takes  a  course  similar  to  that  of  the  ilio-hypogastric  nerve,  but  at  a  lowel' 
level,  as  far  as  the  anterior  abdominal  wall.  It  then  pierces  the  obliquus  internus 
further  forward  and  lower  down  than  the  ilio-hypogastric ;  and  coursing  forwards 
beneath  the  aponeurosis  of  the  ol^liquus  externus,  just  above  Poupart's  ligament,  it 
becomes  superficial  after  passing  through  the  external  abdominal  ring  and  external 
spermatic  fascia  (Fig.  442,  p.  603). 

Its  branches  are  muscular  to  the  muscles  of  the  abdominal  wall,  among  which  it 
passes,  and  cutaneous  hranclies,  which  innervate  the  skin  (1)  of  the  anterior  abdominal 
wall  over  the  symphysis  pubis,  (2)  of  the  thigh  over  the  upper  and  inner  part  of 
Scarpa's  triangle,  and  (3)  of  the  upper  part  of  the  scrotum,  and  root  and  dorsum  of 
the  penis  (of  the  mons  Veneris  and  labium  majus  in  the  female).  These  last-named 
branches  are  contiguous  to  branches  of  the  pudendal  and  pudic  nerves.  No  lateral 
cutaneous  branch  arises  from  the  ilio-inguinal  nerve.  It  thus  corresponds,  like  the 
hypogastric  part  of  the  ilio-hypogastric  nerve,  to  the  anterior  trunk  of  a  typical 
thoracic  nerve. 

The  genito-crural  nerve  (n.  genito-femoralis)  usually  arises  by  two  independent 
roots  from  the  front  of  the  first  and  second  lumbar  nerves,  which  unite  in  the  substance 
of  the  psoas  to  form  a  slender  trunk.  It  appears  on  the  posterior  abdominal  wall, 
lying  on  the  psoas  magnus,  internal  to  the  psoas  parvus,  and,  piercing  the  psoas 
fascia,  it  extends  downwards  on  the  outer  side  of  the  common  and  external  iliac  vessels 
and  behind  the  ureter  to  Poupart's  hgament  (Fig.  440,  p.  599).  At  a  variable  point 
above  that  ligament  it  divides  into  genital  and  crural  branches.  The  genital  branch 
is  a  minute  nerve.    It  crosses  the  terminations  of  the  external  iliac  vessels,  and, 
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along  with  the  vas  deferens  and  spermatic  vessels,  enters  the  inguinal  canal  at  the 
internal  abdominal  ring.  It  terminates  by  supplying  small  branches  to  the  skin  of 
the  scrotum  and  adjacent  part  of  the  thigh.  In  the  female  it  accompanies  the 
round  ligament  to  the  labium  majus.  This  nerve  gives  off  in  its  course  the  follow- 
ing small  branches  :  (1)  to  the  external  iliac  artery ;  (2)  to  the  cremaster  muscle  ; 
(3)  to  communicate  with  the  spermatic  plexus  of  the  sympathetic.  The  crural 
branch  continues  the  course  of  the  parent  nerve  into  the  thigh,  lying  on  the  outer 
side  of  the  femoral  artery.  It  becomes  cutaneous  by  passing  through  the  saphenous 
opening  or  the  iliac  portion  of  the  fascia  lata,  and  supplies  an  area  of  skin  over 
Scarpa's  triangle,  external  to  that  supplied  by  the  ilio-inguinal  (Fig.  442,  p.  603). 
It  communicates  in  the  thigh  with  the  middle  cutaneous  branch  of  the  anterior 
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Fig.  441. — Scheme  of  the  Course  and  Distribution  of  the  OsTURATOfe  Nerve. 

crural  nerve.  Before  piercing  the  deep  fascia  it  gives  a  minute  branch  to  the 
femoral  artery. 

The  external  cutaneous  nerve  (n.  cutaneus  femoris  lateralis)  is  only  distri- 
buted to  skin  (Fig.  440).  It  arises  from  the  back  of  the  lumbar  plexus,  and  usually 
from  the  second  and  third  lumbar  nerves.  Emerging  from  the  psoas  muscle  at  its 
outer  border,  the  nerve  crosses  the  ihacus  muscle,  beneath  the  fascia  iliaca,  to  reach 
the  anterior  superior  iliac  spine.  It  enters  the  thigh  beneath  the  outer  extremity 
of  Poupart's  ligament,  and  either  over,  under,  or  through  the  origin  of  the  sartorius 
muscle.  It  extends  down  the  outer  side  of  the  front  of  the  thigh  for  a  few  inches, 
lying  at  first  beneath  the  fascia  lata,  and  afterwards  in  a  tubular  investment  of  the 
fascia.  It  gives  off  small  branches  in  this  part  of  its  course,  and  finally,  piercing 
the  fascia  about  four  inches  below  the  anterior  superior  iliac  spine,  it  separates  into 
anterior  and  posterior  terminal  branches.  The  anterior  branch  is  the  larger,  and  is 
distributed  on  the  outer  side  of  the  front  of  the  thigh  almost  to  the  knee.  The 
smaller  posterior  branch  supphes  the  skin  of  the  outer  side  of  the  buttock  below 
the  great  trochanter  and  of  the  upper  two-thirds  of  the  outer  side  of  the  thigh 
(Fig.  442,  p.  603). 
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Obturator  Nerve. 

The  obturator  nerve  (n.  obturatorius)  supplies  the  muscles  and  skin  on  the 
inner  side  of  the  thigh.  It  arises  in  the  substance  of  the  psoas  muscle  by  three 
roots  placed  in  front  of  those  of  the  anterior  crural  nerve,  and  derived  from  the 
second,  third,  and  fourth  lumbar  nerves  (Fig.  440,  p.  599).  Sometimes  the  root 
from  the  second  nerve  is  absent.  Passing  vertically  downwards,  the  nerve  emerges 
from  the  psoas  at  its  inner  border,  behind  the  common  iliac,  and  on  the  outer  side 
of  the  internal  iliac  vessels.  It  passes  forwards  below  the  pelvic  brim  in  company 
with  the  obturator  artery  to  the  obturator  groove  of  the  thyroid  foramen,  througli 
which  it  reaches  the  thigh.  While  in  the  obturator  groove  it  separates  into  its 
two  main  branches,  named  superficial  and  deep  (Fig.  441,  p.  601). 

The  superficial  branch  enters  the  thigh  in  front  of  the  obturator  externus  and 
adductor  brevis  muscles,  and  beneath  the  pectineus  and  adductor  lougus.  In  the 
middle  third  of  the  thigh  it  is  found  coursing  along  the  inner  border  of  the  adductor 
lougus,  anterior  to  the  gracilis ;  and  it  finally  divides  into  two  slender  terminal 
filaments,  of  which  one  enters  Hunter's  canal  and  ends  on  the  femoral  artery,  the 
other  supplies  the  skin  for  a  variable  distance  on  the  inner  side  of  the  thigh  and 
joins  in  the  obturator  (subsartorial)  plexus. 

The  branches  of  the  superficial  part  of  the  nerve  are : — 

1.  An  articular  branch  to  the  hip  joint  which  arises  from  the  nerve  as  soon  as 
it  enters  the  thigh,  and  supplies  the  joint  through  the  acetabular  notch. 

2.  Muscular  branches  to  the  adductor  longus,  gracilis,  adductor  brevis  (usually), 
pectineus  (occasionally).  The  last-named  muscle  is  not  usually  supplied  from  the 
obturator  nerve. 

3.  A  cutaneous  branch  of  very  variable  size  forms  one  of  the  terminal  branches 
(Fig.  442).  It  becomes  superficial  between  the  gracilis  and  adductor  longus,  in  the 
middle  third  of  the  thigh,  and  may  supply  the  skin  of  the  lower  two-thirds  of  the 
thigh  in  its  inner  side.  It  is  generally  of  small  size,  and  is  connected  with 
branches  of  the  internal  cutaneous  and  internal  saphenous  nerves  behind  the 
sartorius  muscle  to  form  the  obturator  (subsartorial)  plexus.  The  branch  from  the 
internal  saphenous  nerve  to  the  plexus  passes  inwards  behind  the  sartorius  after 
piercing  the  aponeurotic  covering  of  Hunter's  canal.  The  branch  from  the  internal 
cutaneous  nerve  is  generally  superficial  at  the  point  of  formation  of  the  plexus. 

4.  The  branch  to  the  femoral  artery  is  the  other  terminal  branch  of  the 
nerve.  It  enters  Hunter's  canal  along  the  inner  edge  of  the  adductor  longus,  and 
ramifies  over  the  lower  part  of  the  artery. 

5.  A  fine  communicating  branch  in  front  of  the  hip  joint  sometimes  joins  the 
anterior  crural  nerve. 

The  deep  part  of  the  obturator  nerve  reaches  the  thigh  by  piercing  the 
obturator  externus  muscle.  It  passes  downwards  between  the  adductor  brevis  and 
adductor  magnus  muscles.  After  passing  obliquely  through  the  adductor  magnus,  it 
appears  in  the  popliteal  space  on  the  popliteal  vessels,  and  terminates  by  piercing 
the  posterior  ligament  and  supplying  the  knee  joint. 

Its  branches  are  : — (1)  muscular  branches  to  the  obturator  externus,  adductor 
magnus,  and  (when  the  muscle  is  not  supplied  by  the  superficial  part  of  the  nerve) 
the  adductor  brevis.  The  branch  to  the  obturator  externus  arises  before  the 
nerve  enters  the  muscle,  in  the  obturator  groove.  The  nerve  to  the  adductor 
magnus  is  given  off  as  the  obturator  nerve  passes  through  the  substance  of  the 
muscle.  (2)  An  articular  terminal  branch  is  supplied  to  the  back  of  the  knee 
joint. 

Anterior  Crural  Nerve. 

The  anterior  crural  nerve  (n.  femoralis)  is  the  great  nerve  for  the  muscles 
and  skin  of  the  thigh.  It  arises  in  the  substance  of  the  psoas  muscle,  from  the 
back  of  the  second,  third,  and  fourth  lumbar  nerves,  behind  the  obturator  nerve. 
Passing  obliquely  through  the  psoas  muscle,  it  emerges  from  its  outer  border  in  the 
false  pelvis  (Fig.  440,  p.  599).  Passing  downwards  in  the  groove  between  the  psoas 
and  iliacus,  it  enters  the  thigh  beneath  Poupart's  ligament,  external  to  the  femoral 
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sheath  and  femoral  vessels, 
of  branches,  among  which 
artery  passes. 

The  branches  of  the  anterior  crural  nerve,  which 
are  (1)  muscular,  (2)  articular,  and  (3)  cutaneous, 
arise  in  the  following  way  : — 

In  the  abdomen  a  muscular  branch  arises  from  the 
outer  side  of  the  nerve  and  enters  the  iliacus  muscle. 

In  Scarpa's  triangle  the  terminal  muscular, 
articular,  and  cutaneous  branches  of  the  nerve  arise 
in  the  form  of  a  large  bundle  of  nerves. 

1.  The  muscular  branches  supply  the  pectineus, 
sartorius,  and  quadriceps  extensor.  The  nerve  to 
the  pectineus  arises  close  to  Poupart's  ligament, 
and  coursing  obliquely  downwards  and  inwards 
behind  the  femoral  vessels  enters  the  muscle  at  its 
outer  border.  It  is  not  unfrequently  double.  It 
sometimes  gives  off  a  fine  communicating  branch  to 
the  superficial  part  of  the  obturator  nerve.  The 
nerves  to  the  sartorius  are  in  two  sets :  an  outer 
short  set  of  nerves  associated  with  the  outer  part  of 
the  middle  cutaneous  nerve,  which  enter  the  upper 
part  of  the  muscle ;  and  an  inner  longer  set  which 
are  associated  with  the  inner  part  of  the  middle 
cutaneous  nerve,  and  supply  the  middle  of  the 
muscle.  The  parts  of  the  quadriceps  extensor  are 
supphed  by  several  branches.  The  vastus  externus 
and  rectus  femoris  are  supplied  on  their  deep  surface 
by  separate  nerves  which  are  accompanied  by  branches 
of  the  external  circumflex  artery.  The  crureus 
muscle  is  supphed  superficially  by  a  nerve  which 
passes  through  the  muscle,  and  innervates  also  the 
subcrureus.  It  also  receives  fibres  from  one  of  the 
nerves  to  the  vastus  internus.  The  vastus  internus 
muscle  is  supplied  by  two  nerves :  an  upper  trunk, 
which  supplies  the  higher  part  of  the  muscle,  and 
sends  fibres  to  the  crureus  as  well ;  and  a  lower 
trunk,  which  descends  on  the  outer  side  of  the 
femoral  artery  along  with  the  internal  saphenous 
nerve,  and  passing  beneath  the  sartorius,  over  or 
under  the  aponeurotic  covering  of  Hunter's  canal, 
enters  the  inner  side  of  the  vastus  internus  muscle. 
This  nerve  gives  off  a  small  branch  which  enters  the 
medullary  canal  of  the  femur. 

2.  The  articular  branches  supply  the  hip  and  knee 
joints.  The  articular  branch  to  the  hip  joint  arises 
from  the  nerve  to  the  rectus  femoris,  and  is  accom- 
panied by  branches  from  the  external  circumflex 
artery.  The  articular  branches  to  the  knee  joint  are 
four  in  number.  Three  of  them  arise  from  the 
nerves  to  the  vastus  externus,  crureus,  and  vastus 
internus,  which,  after  the  muscular  nerves  are  given 
off,  are  continued  downwards  to  the  knee  joint  along 
the  front  of  the  femur.  A  fourth  articular  branch 
arises  (sometimes)  from  the  internal  saphenous  nerve. 

3.  The  cutaneous  branches  are  the  middle  and 
internal  cutaneous,  and  the  internal  saphenous  nerves 
(Fig.  442). 

The  middle  cutaneous  nerve  arises  in  two  parts. 


In  Scarpa's  triangle  it  breaks  up  into  a  large  number 
the  external  circumflex 


Fio.  442.  —  Distribution  of  Cuta- 
neous Nerves  on  the  Front  of 
THK  Lower  Limb. 

Ou  the  one  side  the  distribution  of  the 
several  nerves  is  represented,  the 
letters  indicating  their  nomenclature. 

T.ll,  Branches  of  eleven tli  thoracic 
nerve  ;  T.12,  Brandies  of  twelfth 
thoracic  nerve;  I.H,  Ilio-hypogastric  ; 
I.I,  Ilio-inguinal ;  E.C,  External  cuta- 
neous ;  G.C,  Genito-crural ;  M.C^,^, 
Middle  cutaneous  ;  I.C^,-,  Internal 
cutaneous  ;  Obt,  Obturator  ;  S.Sc, 
Small  sciatic  ;  Pat.  Plex,  Patellar 
plexus  ;  Pat,  Patellar  branch  of 
internal  saphenous  ;  E.P.S,  Sural 
branches  of  peroneal  nerve  ;  I.S, 
Internal  saphenous  ;  M.C,  Musculo- 
cutaneous ;  E.S,  External  saphenous  ; 
A.T,  Anterior  tibial. 

On  the  other  side  a  schematic  repre- 
sentation is  given  of  the  areas  sup- 
plied by  the  above  nerves,  the  letters 
indicating  the  spinal  origin  of  the 
branches  of  distribution  to  each  area. 

an  external  and  an  internal- 
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branch,  in  the  upper  part  of  Scarpa's  triangle.  The  two  branches  descend  vertically 
and  become  cutaneous  by  piercing  the  fascia  lata  over  the  upper  third  of  the 
sartorius  muscle.  They  carry  muscular  branches  to  the  sartorius,  and  the  external 
branch  in  many  cases  pierces  the  muscle.  These  two  nerves  supply  the  skin  of 
the  lower  three-fourths  of  the  front  of  the  thigh,  between  the  external  cutaneous 
nerve  on  the  outer  side  and  the  internal  cutaneous  on  the  inner  side.  They  reach 
down  to  the  front  of  the  patella,  and  there  assist  in  the  formation  of  the  patellar 
plexus.  The  external  branch  communicates  in  the  upper  third  of  the  thigh-  with 
twigs  from  the  crural  branch  of  the  genito-crural  nerve. 

The  internal  cutaneous  nerve  lies  at  first  in  Scarpa's  triangle  on  the  outer  side 
of  the  femoral  vessels.  At  the  apex  of  the  triangle  it  crosses  over  the  femoral  vessels, 
and  is  directed  downwards  over  or  through  the  sartorius  muscle,  and  beneath  the 
fascia  lata  to  the  lower  third  of  the  thigh.  It  is  distributed  to  the  skin  of  the 
lower  two-thirds  of  the  thigh  on  the  inner  side  by  means  of  three  branches — upper, 
middle,  and  lower. 

The  upper  branch  may  be  represented  by  two  or  more  twigs.  It  arises  from  the 
main  nerve  near  its  origin,  and  pierces  the  fascia  lata  near  the  apex  of  Scarpa's 
triangle.  It  is  distributed  to  the  skin  of  the  upper  part  of  the  thigh,  along  the 
line  of  the  saphenous  vein.  The  middle  or  anterior  branch  is  a  larger  nerve.  It 
separates  from  the  lower  branch  at  the  apex  of  Scarpa's  triangle,  and  passing  over 
the  sartorius  muscle  becomes  cutaneous  in  the  middle  third  of  the  thigh  on  the 
inner  side.  It  supplies  the  skin  of  the  lower  half  of  the  thigh  on  the  inner  side, 
extending  as  low  as  the  knee,  where  it  joins  in  the  formation  of  the  patellar 
plexus. 

The  lovjer  or  internal  branch  represents  the  termination  of  the  nerve.  It  passes 
down  the  inner  side  of  the  thigh  over  the  sartorius  muscle,  and  communicates  in 
the  middle  third  of  the  thigh  with  the  internal  saphenous  and  obturator  nerves  to 
form  the  obturator  plexus.  Piercing  the  fascia  lata  on  the  inner  side  of  the  thigh 
in  the  lower  third,  it  ramifies  over  the  inner  side  of  the  knee,  and  assists  in  the 
formation  of  the  patellar  plexus. 

The  size  of  the  internal  cutaneous  nerve  varies  with  the  size  of  the  cutaneous 
part  of  the  obturator,  and  of  the  internal  saphenous  nerve. 

The  long  or  internal  saphenous  nerve  (n.  saphenus)  may  be  regarded  as  the 
terminal  branch  of  the  anterior  crural  nerve.  It  is  destined  for  the  skin  of  the  leg 
and  foot.  From  its  origin  in  Scarpa's  triangle  it  descends  alongside  the  femoral 
vessels  to  Hunter's  canal.  In  the  canal  it  crosses  over  the  femoral  sheath  from 
without  inwards.  At  the  lower  end  of  the  canal,  accompanied  by  the  superficial 
branch  of  the  anastomotic  artery,  it  passes  over  the  tendon  of  the  adductor  magnus, 
and  opposite  the  inner  side  of  the  knee  joint  becomes  cutaneous  by  passing  between 
the  sartorius  and  gracilis  muscles.  The  nerve  then  extends  down  the  leg  along 
with  the  internal  saphenous  vein,  and  coursing  over  the  front  of  the  inner  ankle  it 
terminates  at  the  middle  of  the  inner  border  of  the  foot. 

Branches. — 1;  A  communicating  branch  arises  in  Hunter's  canal,  and  passing 
inwards  beneath  the  sartorius  joins  with  branches  of  the  obturator  nerve  in  forming 
the  obturator  plexus. 

2.  The  patellar  branch  arises  at  the  lower  end  of  Hunter's  canal,  and  piercing  the 
sartorius  muscle  is  directed  downwards  and  forwards  below  the  patella,  and  over 
the  inner  tuberosity  of  the  tibia  to  the  front  of  the  knee  and  upper  part  of  the 
leg.    It  enters  into  the  formation  of  the  patellar  plexus. 

3.  An  articular  branch  sometimes  arises  from  the  nerve  at  the  inner  side  of  the 
knee. 

4.  The  terminal  branches  of  the  internal  saplienous  nerve  are  distributed  to  the 
skin  of  the  front  and  inner  side  of  tlie  leg,  and  the  posterior  half  of  the  dorsum 
and  inner  side  of  the  foot. 

Patellar  plexus. — This  plexus  consists  of  fine  communications  beneath  the 
skin  in  front  of  the  knee,  between  the  branches  of  the  cutaneous  nerves  supplying 
that  region.  The  nerves  which  enter  into  its  formation  are  the  patellar  branch  of 
the  internal  saphenous,  internal  and  middle  cutaneous  nerves,  and  sometimes  the 
external  cutaneous  nerve. 
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The  accessory  obturator  nerve  (n.  obturatorius  accessorius,  n.  accessorius  auterioris  cruralis, 
Winslow)  is  only  occasionally  present  (29  per  cent,  Eisler).  It  arises  from  the  third,  or  third  and 
fourth  lumbar  nerves,  between  the  roots  of  the  obturator  and  anterior  crural  nerves.  Associating 
itself  with  the  obturator,  from  which,  however,  it  is  quite  separable,  it  appears  in  the  abdomen 
at  the  inner  side  of  the  psoas  muscle,  and  coursing  over  the  pelvic  brim  behind  the  external  iliac 
vessels,  it  leaves  the  obturator  nerve,  and  enters  the  thigh  in  front  of  the  pubis. 

In  the  thigh,  behind  the  femoral  vessels,  it  ends  usually  in  three  branches  :  a  nerve  which 
replaces  the  branch  from  the  anterior  crural  to  the  pectineus,  a  nerve  to  the  hip  joint,  and  a 
nerve  which  communicates  with  the  superficial  part  of  the  obturator  nerve.  In  some  cases  it 
only  supplies  the  nerve  to  the  pectineus  ;  more  rarely  it  is  of  considerable  size,  and  reinforces  the 
obturator  nerve  in  the  innervation  of  the  adductor  muscles. 

The  accessory  obturator  nerve  was  first  described  by  Winslow  as  the  n.  accessorius  anterioris 
cruralis.  Schmidt  later  described  it  in  great  detail,  and  gave  it  the  name  it  now  bears.  It  is 
more  closely  associated  with  the  anterior  crural  than  with  the  obturator.  Its  origin  is  behind 
the  roots  of  the  obturator ;  it  is  separated,  like  the  anterior  crural,  from  the  obturator  by  the 
pubic  bone,  and  its  chief  branch  to  the  pectineus  muscle  replaces  the  normal  branch  from  the 
anterior  crural  nerve.  On  the  other  hand,  for  a  part  of  its  course  it  accompanies  the  obturator, 
and  in  rare  cases  it  may  replace  branches  of  that  nerve. 

THE  SACEAL  OR  SCIATIC  PLEXUS. 

The  sacral  or  sciatic  portion  of  the  himbo-sacral  plexus  is  destined  almost 
entirely  for  the  lower  limb.  It  is  usually  formed  by  the  anterior  primary  divisions 
of  a  part  of  the  fourth  lumbar  nerve  (n.  furcalis),  the  fifth  lumbar,  the  first, 
second,  and  third  sacral  nerves  (n.  bigeminus). 

Communications  with  the  Sympathetic. — Each  of  the  nerves  named  is  connected 
to  the  lumbar  or  pelvic  sympathetic  by  gray  rami  communicantes,  as  already  described  ; 
and  ivhite  rami  communicantes  pass  usually  from  the  third  and  sometimes  also  from  the 
second  and  fourth  sacral  nerves  to  join  the  pelvic  plexus  of  the  sympathetic. 

Position  and  Constitution. — The  plexus  is  placed  on  the  back  wall  of  the 
pelvis  between  the  parietal  pelvic  fascia  and  the  pyriformis  muscle.  In  front  of  it 
are  the  pelvic  colon,  the  internal  iliac  vessels,  and  the  ureter. 

The  formation  of  the  plexus  occurs  by  the  convergence  of  the  nerves  concerned 
towards  the  lower  part  of  the  great  sacro-sciatic  foramen,  and  their  union  to  form 
a  broad  triangular  band,  the  apex  of  which  is  continued  through  the  great  sacro- 
sciatic  foramen  below  the  pyriformis  muscle  into  the  buttock  as  the  great  sciatic 
nerve.  From  the  anterior  and  posterior  surfaces  of  this  triangular  band  numerous 
small  branches  arise,  which  are  distributed  to  the  parts  in  the  neighbourhood  of  the 
origin  of  the  nerve. 

The  great  sciatic  nerve  ends  in  the  thigh  by  dividing  into  two  large  nerves,  the 
tibial  (internal  popliteal),  and  peroneal  (external  popliteal).  In  many  cases  these 
two  nerves  are  distinct  from  their  origin,  and  are  separated  sometimes  by  fibres 
of  the  pyriformis  muscle.  In  all  cases  on  removal  of  the  sheath  investing  the 
great  sciatic  nerve  the  tibial  and  peroneal  nerves  can  be  traced  up  to  the  plexus, 
from  which  they  invariably  take  origin  by  distinct  and  separate  roots. 

The  descending  branch  of  the  fourth  lumbar  nerve  (n.  furcalis)  after  emerging 
from  the  inner  border  of  the  psoas  muscle  internal  to  the  obturator  nerve,  divides 
behind  the  iliac  vessels  into  anterior  and  posterior  (ventral  and  dorsal)  parts,  each 
of  which  joins  a  corresponding  part  of  the  fifth  lumbar  nerve.  The  anterior 
primary  division  of  the  fifth  lumbar  nerve  descends  over  the  ala  of  the  sacrum,  and 
divides  into  anterior  and  posterior  parts,  which  are  joined  by  the  corresponding  parts 
of  the  fourth  lumbar  nerve.  The  two  resulting  trunks  are  sometirnes  called  the 
lumbo-sacral  cord.  The  first  and  second  sacral  nerves  pass  almost  horizontally  out- 
wards from  the  anterior  sacral  foramina,  and  divide  in  front  of  the  pyriformis  into 
similar  anterior  and  posterior  parts.  The  third  sacral  nerve  (n.  bigeminus)  divides 
into  upper  and  lower  parts.  The  lower  part  is  concerned  in  forming  the  pudendal 
plexus.  The  upper  part  is  directed  outwards,  and  slightly  upwards,  towards  the 
preceding  nerve,  and  does  not  separate  into  two  parts,  but  remains  undivided. 

These  trunks  combine  to  form  the  sciatic  or  sacral  plexus,  and  its  main  sub- 
divisions, in  the  following  way.  Lying  in  apposition,  and  converging  to  the  lower 
part  of  the  great  sacro-sciatic  foramen,  the  posterior  (dorsal)  trunks  of  the  fourth 
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aud  fifth  lumbar  nerves  (lumbo-sacral  cord),  and  of  the  first  and  second  sacral 
nerves,  combine  to  form  the  peroneal  nerve  aud  the  subordmate  nerves  which  arise 
from  the  posterior  aspect  of  the  plexus.  The  anterior  (ventral)  trunks  of  the  fourth 
and  fifth  lumbar  nerves  (lumbo-sacral  cord),  and  of  the  first  and  second  sacral 
nerves,  together  with  that  part  of  the  third  sacral  nerve  which  is  contributed  to 
the  plexus,  unite  to  form  the  tibial  nerve  and  the  subordinate  nerves  arising  from 
the  front  of  the  plexus. 

Of  these  nerves  the  fifth  lumbar  and  first  sacral  are  the  largest ;  the  others 
diminishing  in  size  as  they  are  traced  upwards  and  downwards.  There  is  no 
distinct  demarcation  between  the  sacral  and  pudendal  plexuses.  The  second  and 
third  sacral  nerves  (and  in  some  cases  the  first  sacral  also)  are  concerned  in  the 
formation  of  both  plexuses. 

Branches. — Tlie  nerves  of  distribution  derived  from  the  sacral  plexus  are  thus 
divided  according  to  their  origin  into  an  anterior  (ventral)  aud  a  posterior  (dorsal) 
series.  Each  set  comprises  one  of  the  two  essential  terminal  parts — peroneal  and 
tibial  nerves — of  the  great  sciatic,  and  numerous  smaller  collateral  branches. 

Anterior  Branches.  Posterior  Branches. 

Tibial  (internal  popliteal)  nerve  Peroneal  (external  popliteal)  nerve 

Muscular  branches —  Mtiscular  branches — 

Nerves  to  hamstring  muscles  Nerves  to  short  head  of  biceps 

,,        quadratus  femoris  ,,  pyriformis 

,,        gemelli  Superior  gluteal  nerve 

,,        obturator  internus  Inferior  gluteal  nerve 

Articiddr  branches  (to  hip-joint)  Articular  branches  (to  knee-joint) 

Great  Sciatic  Nerve. 

The  great  sciatic  nerve  (h.  ischiadicus). — It  has  already  been  shown  liow 
this  nerve  is  formed.  It-  comprises  the  two  main  nerves  of  the  sacral  plexus,  bound 
together  by  an  investing  sheath,  wbich  contains,  in  addition  to  the  peroneal  and 
tibial  nerves,  a  subordinate  branch  of  each,  the  nerve  to  the  hamstring  muscles, 
from  the  tibial,  and  the  nerve  to  the  short  head  of  the  biceps  flexor  cruris,  from 
the  peroneal  nerve.  A  thick  band  about  half-an-inch  in  breadth  is  formed,  con- 
sisting from  within  outwards  of  (1)  nerves  to  the  hamstring  muscles,  (2)  tibial  (internal 
popliteal),  (3)  peroneal  (external  popliteal),  (4)  nerve  to  short  head  of  the  biceps 
muscle.  The  great  sciatic  nel've  extends  through  the  buttock  and  the  back  of 
the  thigh.  Forming  the  continuation  of  the  sacral  plexus,  it  enters  the  buttock  by 
passing  through  the  great  sacro-sciatic  foramen,  in  the  interval  between  the 
pyriformis  and  superior  gemellus.  Concealed  by  the  gluteus  maximus  muscle,  it 
passes  downwards  to  the  thigh,  accompanied  by  the  sciatic  artery,  aud  the  comes 
nervi  ischiadici.  It  lies  in  the  hollow  between  the  great  trochanter  of  the  femur 
and  the  tuberosity  of  the  ischium,  and  enters  the  thigh  beneath  the  fold  of  tlie 
nate^  and  the  lower_  border  of  the  gluteus  maximus.  At  this  spot  it  is  com- 
paratively superficial,  lying  in  the  angle  between  the  edge  of  the  gluteus  maximus 
above  and  externally,  and  the  oi-igins  of  the  hamstring  muscles  internally.  In  the 
thigh  it  is  placed  upon  the  adductor  magnus  beneath  the  hamstring  muscles, 
and  it  terminates  at  a  variable  point  by  dividing  into  the  tibial  and  peroneal 
nerves.  As  already  stated,  these  two  nerves  may  be  separate  from  their  origins, 
and  their  separation  may  occur  at  any  point  between  the  great  sacro-sciatic  foramen 
and  the  upper  part  of  the  popliteal  space. 

The  Nerves  of  Distribution  from  the  Sacral  Plexus. 

These  are  divisible  into  two  series  —  collateral  and  terminal  branches.  Each 
subdivision  consists  of  a  series  of  anterior  (ventral)  and  posterior  (dorsal)  trunks. 

Collateral  Branches.  —  The  anterior  branches  are  (a)  muscular  branches 
(to  the  quadratus  femoris,  gemelli,  obturator  internus,  and  hamstring  muscles) ; 
and  (b)  articular  branches  (to  the  hip-joint).  These  nerves  all  arise  from  the 
anterior  aspect  of  the  sacral  plexus. 
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The  nerve  to  the  quadratus  femoris  (and.  inferior  gemellus)  arises  from  the 
front  of  the  fourth  and  tifth  lumbar  and  hrst  sacral  nerves.  It  passes  down- 
wards over  the  back  of  the  capsule  of  the  hip-joint  (to  which  it  sends  a  fine 
branch)  beneath  the  sacral  plexus,  gemelli,  and  obturator  internus  muscles.  It 
supplies  a  nerve  to  the  inferior  gemellus,  and  terminates  in  the  deep  surface  of  the 
quadratus  femoris. 

The  nerve  to  the  obturator  internus  (and  superior  gemellus)  arises  from  the 
anterior  aspect  of  the  fifth  lumbar  and  first  two  sacral  nerves.  In  the  buttock  it 
lies  below  the  great  sciatic  nerve  on  the  outer  side  of  the  pudic  vessels ;  crossing 
the  ischial  spine,  it  enters  the  ischio-rectal  fossa  through  the  lesser  sciatic  foramen. 
The  nerve  supplies  in  the  buttock  a  branch  to  the  superior  gemellus,  and  terminates 
by  entering  the  pelvic  surface  of  the  obturator  internus. 

The  nerve  to  the  hamstring  muscles  forms  the  innermost  part  of  the  great 
sciatic  trunk  in  the  lower  part  of  the  buttock.  It  arises  from  all  the  roots  of  the 
tibial  nerve  on  their  anterior  aspect,  viz.,  from  the  fourth  and  fifth  lumbar  and 
the  first  three  sacral  nerves.  These  roots  unite  to  form  a  cord  which  is  closely 
associated  with  the  tibial  nerve  and  is  placed  in  front  of  and  afterwards  on  its 
inner  side.  Extending  into  the  thigh,  the  trunk  is  distributed  to  the  hamstring 
muscles  by  means  of  two  sets  of  branches.  Just  below  the  level  of  the  ischial 
tuberosity  an  upper  set  of  nerves  passes  inwards  to  enter  the  upper  part  of  the 
semitendinosus  and  the  ischial  head  of  the  biceps.  Lower  down  in  the  thigh  the 
remaining  portion  of  the  nerve  separates  off  from  the  great  sciatic  (tibial)  trunk 
and  supplies  branches  to  the  semimembranosus,  the  lower  part  of  the  semitendi- 
nosus, and  the  adductor  magnus. 

Articular  branches  for  the  hip-joint  arise  from  the  nerve  to  the  quadratus 
femoris,  and  often  directly  from  the  front  of  the  great  sciatic  (tibial)  nerve  near 
its  origin.  They  enter  the  back  of  the  capsule  of  the  joint  in  the  region  of  the 
buttock.  ■  ■ 

The  posterior  branches  are :  (a)  muscular  branches,  viz.  a  nerve  to  the 
pyriformis,  the  superior  gluteal  nerve,  the  inferior  gluteal  nerve,  and  a  nerve  to  the 
short  head  of  the  biceps  ;  (6)  articular  branches  (-to  the  knee-j.oint). 

These  nerves  all  arise  from  the  back  of  the  roots  of  the  sacral  plexus,  associated 
with  the  origin  of  the  peroneal  nerve. 

The  nerve  to  the  pyriformis  muscle  may  be  double.  It  arises  from  the  back 
of  the  second,  or  first  and  second  sacral  nerves,  and  at  once  enters  the  anterior 
surface  of  the  muscle. 

The  superior  gluteal  nerve  (n.  glutteus  superior)  arises  from  the  back  of  the 
fourth  and  fifth  lumbar  and  first  sacral  nerves,  and  is  directed  backwards  and 
outwards  into  the  buttock,  above  the  pyriformis  muscle,  along  with  the  gluteal 
artery.  Under  cover  of  the  gluteus  maximus  and.  gluteus  medius,  it  extends 
outwards  over  the  gluteus  minimus,  along  with  the  inferior  part  of  the  deep  gluteal 
artery,  to  the  under  surface  of  the  tensor  vaginae  femoris,  in  which  it  ends.  On 
its  way  it  supplies  branches  to  the  gluteus  medius  and  gluteus  minimus. 

The  inferior  gluteal  nerve  (n.  glutieus  inferior)  arises  from  the  back  of  the  fifth 
lumbar  and  first  two  sacral  nerves.  It  appears  in  the  buttock  at  the  lower  border  of 
the  pyriformis  muscle,  superficial  to  the  great  sciatic  nerve,  and  at  once  breaks  up 
into  a  number  of  branches  for  the  supply  of  the  gluteus  maximus.  In  its  course  in 
the  buttock  it  is  closely  associated  with  the  small  sciatic  nerve.  Its  origin  is 
sometimes  combined  with  that  of  the  following  nerve. 

The  nerve  to  the  short  head  of  the  biceps  springs  from  "the  outer  side  of  the 
great  sciatic  (peroneal)  trunk  in  the  upper  part  of  the  thigh.  When  traced  to  its 
origin,  it  is  found  to  arise  (sometimes  in  combination  with  the  inferior  gluteal  nerve) 
from  the  fifth  lumbar  and  first  two  sacral  nerves.  In  its  course  it  is  closely 
applied  to  the  outer  side  of  the  peroneal  nerve,  from  which  it  separates  in  the 
middle  third  of  the  thigh,  usually  in  combination  with  the  articular  branches  of 
that  nerve  for  the  knee-joint.  In  some  cases  it  has  an  independent  course  in  the 
thigh,  and  it  may  be  associated  in  the  buttock  with  the  inferior  gluteal  nerve. 

An  articular  branch  for  the  outer  side  and  front  of  the  knee-joint  generally 
arises  from  the  great  sciatic  or  peroneal  nerve  in  common  with  the  nerve  to  the 
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short  head  of  the  biceps.  When  traced  up  to  the  plexus,  it  is  associated  with  the 
back  of  the  fourth  and  fifth  lumbar  and  first  sacral  nerves.  It  passes  through  the 
upper  part  of  the  popliteal  space  concealed  by  the  biceps  muscle,  and  separates 
into  upper  and  lower  branches,  which  accompany  the  upper  and  lower  external 
articular  arteries  to  the  outer  side  of  the  knee-joint. 

Terminal  Branches  —  The  peroneal  (external  popliteal)  and  tibial  (internal 
pophteal)  nerves  are  the  two  main  trunks  resulting  from  the  combination  of  the 
posterior  and  anterior  cords  respectively  of  the  sacral  plexus.  The  peroneal  nerve 
is  homologous  with  the  musculo-spiral  nerve  in  the  upper  limb  ;  the  tibial  nerve 
represents  a  medio- ulnar  trunk  ;  and  as  already  stated,  the  two  nerves,  constituting 
the  great  sciatic  nerve,  are  enveloped  in  a  common  sheath  for  a  variable  distance 
before  beginning  an  independent  course. 

Peroneal  Nerve. 

The  peroneal  or  external  popliteal  nerve  (n.  peronaeus  communis)  arises  from 
the  back  of  the  sacral  plexus  from  the  fourth  and  fifth  lumbar  and  first  two 
sacral  nerves.  Incorporated  with  the  great  sciatic  nerve  in  the  buttock  and 
upper  half  of  the  thigh,  it  passes  downwards  from  the  bifurcation  of  that  nerve 
through  the  popliteal  space  to  its  termination  at  a  point  about  an  inch  below  the 
head  of  the  fibula.  It  is  concealed  at  first  by  the  biceps  muscle.  Following 
the  tendon  of  that  muscle,  it  passes  obliquely  through  the  upper  and  outer  part 
of  the  popliteal  space  and  over  the  outer  head  of  the  gastrocnemius  muscle  to  the 
back  of  the  head  of  the  filnila.  In  the  lower  part  of  its  course  it  is  directly  beneath 
the  deep  fascia. 

Collateral  Branches. — These  are  divided  into  two  sets  :  (a)  Those  arising  from 
the  roots  or  trunk  of  the  nerve  while  it  is  in  combination  with  the  tibial  nerve  in 
the  great  sciatic  trunk.  These  have  been  already  described,  viz.  a  muscular  branch 
to  the  short  head  of  the  biceps,  and  an  articular  branch  to  the  knee-joint,  (h)  Those 
arising  in  the  popliteal  space.  These  are  cutaneous  branches,  viz.  a  sural  branch  and 
the  peroneal  communicating. 

The  sural  branch  (n.  cutaneus  sura^  lateralis)  is  irregular  in  size  and  distribution, 
and  may  be  represented  by  two  or  more  branches  (Fig.  442,  ]>.  603).  Arising  from 
the  peroneal  nerve  in  the  popliteal  space,  often  in  common  with  the  succeeding 
nerve,  it  pierces  the  deep  fascia  over  the  outer  head  of  the  gastrocnemius,  and  is 
distributed  to  the  skin  on  the  outer  aspect  of  the  back  of  the  leg  in  the  upper 
two-thirds.  The  extent  of  its  distribution  varies  with  that  of  the  small  sciatic 
and  external  saphenous  nerves. 

The  peroneal  communicating  nerve  (r.  anastomoticus  peronaius,  r.  communicans 
fibularis),  arising  in  the  popliteal  space,  passes  over  the  outer  head  of  the  gastro- 
cnemius beneath  the  deep  fascia  to  the  middle  third  of  the  leg,  where  it  assists  in 
forming  the  external  saphenous  nerve  by  its  union  with  the  tibial  communicating 
branch  of  the  tibial  nerve.  In  many  cases  the  two  branches  do  not  unite.  In  sucli 
cases  the  peroneal  communicating  nerve  may  be  limited  in  its  distribution  to  the 
skin  of  the  outer  side  of  the  leg,  heel,  and  ankle,  or  it  may  be  distributed  to  tlie 
area  usually  supplied  by  the  external  saphenous  nerve. 

Terminal  Branches. — The  terminal  branches  of  the  peroneal  nerve  are 
recurrent  tibial,  anterior  tibial,  and  musculo-cutaneous.  They  arise  just  below 
the  head  of  the  fibula,  and  are  directed  forwards,  diverging  in  their  course, 
beneath  the  peroneus  longus  muscle. 

The  recurrent  tibial  nerve  is  the  smallest  branch.  Passing  forwards  beneath 
the  origin  of  the  peroneus  longus  and  the  extensor  longus  digitorum  muscles,  it 
divides  below  the  outer  tuberosity  of  the  tibia  into  branches  which  supply  the 
upper  fibres  of  the  tibialis  anticus  muscle,  the  tibio-fibular  articulations,  and  the 
knee-joint. 

Anterior  Tibial  Nerve. 

The  anterior  tibial  nerve  (n.  peronaeus  profundus)  passes  downwards  and  in- 
wards, beneath  the  peroneus  longus,  extensor  longus  digitorum,  and  extensor  proprius 
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hallucis  muscles,  to  the  front  of  the  leg.  In  its  course  down  the  leg  it  is  deeply 
placed  upon  the  interosseous  membrane  and  the  lower  part  of  the  tibia  in  company 
with  the  anterior  tibial  artery.  At  the  ankle  it  lies  beneath  the  anterior  annular 
ligament  and  the  tendon  of  the  extensor  proprius  hallucis,  and  crossing  over  the 
ankle-joint,  it  divides  on  the  dorsum  of  the  foot  into  its  terminal  1  )rauches. 

1.  Collateral  Branches  (in  the  leg). — These  are  given  off  to  the  muscles  between 
which  the  anterior  tibial  nerve  passes :  tibialis  anticus,  extensor  proprius  hallucis, 
extensor  longus  digitorum,  and  peroneus  tertius.  A  fine  articular  branch  supplies 
the  ankle-joint. 

2.  Terminal  Branches  (in  the  foot). — The  terminal  branches  are  internal  and 
external.  The  internal  branch  passes  along  the  dorsum  of 
the  foot  on  the  outer  side  of  the  dorsalis  pedis  artery  to  the 
first  interosseous  space,  where  it  divides  into  two  dorsal 
digital  branches  for  the  supply  of  the  skin  of  the  outer 
side  of  the  great  toe  and  the  inner  side  of  the  second  toe. 
Each  of  these  branches  communicates  with  branches  of  the 
musculo-cutaneous  nerve.  It  gives  off  one  or  two  dorsal 
interosseous  tranches,  which  supply  the  inner  tarso-metatarsal 
and  metatarso-phalangeal  articulations,  and  also  enter  the 
first  dorsal  interosseous  muscle. 

The  external  branch  passes  outwards  over  the  tarsus 
beneath  the  extensor  brevis  digitorum,  and  ends  in  a  gangli- 
form  enlargement  (similar  to  the  gangliform  enlargement  on 
the  posterior  interosseoiis  nerve  at  the  back  of  the  wrist). 
From  this  enlargement  muscular  branches  arise  for  the 
supply  of  the  extensor  brevis  digitorum,  along  with  branches 
for  the  tarsal,  tarso-metatarsal,  and  metatarso-phalangeal 
articulations.  Its  dorsal  interosseous  hranches  may  be  as 
many  as  four  in  number.  Of  these  the  outer  two,  ex- 
tremely small,  may  only  reach  the  tarso-metatarsal  articu- 
lations. The  inner  two  are  fine  hranches,  which,  besides 
supplying  the  articulations,  may  give  branches  to  the  second 
and  third  dorsal  interosseous  muscles. 

The  branches  from  the  anterior  tibial  nerve  to  the 
interosseous  muscles  are  probably  sensory,  the  motor  supply 
of  these  muscles  being  certainly  derived  from  the  external 
plantar  nerve. 

MuSCULO-CUTANEOUS  NeRVE. 


Fig.  443.— Distribution  of 
Cutaneous  Nerves  on 
THE  Dorsum  of  the 
Foot. 


M.O,  Musculo  -  cutaneous 
nerve  ;  A.T,  Anterior  tibial 
nerve  ;  B.S,  External  sa- 
jjhenous  nerve.  The  ex- 
tremities of  the  toe.s  are 
supplied  by  the  plantar 
nerves  (I.P,'e.P). 


The  musculo-cutaneous  nerve  (n.  peronaeus  Superficialis),  I.S,  internal  saphenous  nerve; 

tire  last  of  the  branches  of  the  peroneal  nerve,  passes 
below  the  head  of  the  fibula  and  beneath  the  upper  fibres 
of  the  peroneus  longus  muscle.  Lying  in  a  sheath  in  the 
intermuscular  septum,  between  the  peronei  externally 
and  the  extensor  longus  digitorum  internally,  it  proceeds 
downwards'  in  front  of  the  fil^ula  to  the  lower  third 
of  the  leg,  where  it  pierces  the  deep  fascia  in  two  branches,  internal  and  external. 

Its  branches  are :  (1)  collateral  muscular  branches  distributed  to  the  peronei 
muscles,  longus  and  brevis,  as  the  nerve  lies  in  relation  to  them ;  (2)  terminal 
cutaneous  branches,  internal  and  external. 

The  internal  terminal  branch  courses  downwards  over  the  anterior  annular  liga- 
ment of  the  ankle,  and  after  supplying  offsets  to  the  lower  third  of  the  leg  and  dorsum 
of  the  foot,  divides  into  three  branches.  (1)  The  most  internal  supplies  the  skin 
of  the  dorsum  of  the  foot  and  the  inner  side  of  the  great  toe,  and  communicates 
with  the  internal  saphenous  nerve.  (2)  The  middle  bi'anch  passes  to  the  interval 
between  the  great  toe  and  the  second,  and  divides  into  two  branches  which  com- 
municate with  the  internal  branch  of  the  anterior  tibial  nerve.  (3)  The  external 
branch  passes  to  the  interval  between  the  second  and  third  toes,  and  divides  into 
two  digital  branches  to  supply  the  adjacent  sides  of  these  toes. 
39 
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The  external  terminal  branch  of  the  inusculo-cutaueous  nerve  descends  over  the 
anterior  annular  ligament,  and  after  supplying  branches  to  the  lower  part  of  the 
leg  and  the  dorsum  of  the  foot,  divides  into  two  parts,  internal  and  external,  which, 
passing  to  the  intervals  between  the  third  and  fourth,  and  fourth  and  fifth  toes 
respectively,  divide  into  dorsal  digital  branches  for  the  adjacent  sides  of  these  toes. 
Tliese  branches  communicate  witli  offsets  of  the  external  saphenous  nerve. 

The  arrangement  of  the  cutaneou.s  Ijranches  of  tlie  nuiscnlo-cutaneous  is  liable  to  considerable 
variation.  Tlie  nerve  to  the  adjacent  sides  of  the  second  and  third  toes  may  come  from  the 
outer  division  of  the  nerve,  whicli,  again,  is  not  unfrec]iiently  mucli  reduced  in  size,  in  wliich 
case  the  external  saphenous  nerve  takes  its  }>hice  on  the  dorsiuii  of  the  foot,  often  supplying  as 
many  as  two  and  a  lialf  toes  mi  the  outer  side. 

The  cutaneous  nerves  on  the  doi'sum  of  the  toes  from  the  anterior  til)ial  and  musculo-cutaneous 
nerves  are  much  smaller  than  tlie  corresponding  jdantar  digital  nerves.  They  are  reinforced  on 
the  dorsum  of  the  terminal  phalanges  hy  twigs  from  the  plantar  nerves,  which  supply  the  tips  of 
the  toes  and  nails. 

Tibial  Nerve. 

The  tibial  or  internal  popliteal  nerve  (n.  tibialis)  arises  from  the  front  of 
the  sacral  plexus,  usually  from  the  fourth  and  fifth  lumbar  and  first  three  sacral 
nerves  (Fig.  44G,  p.  Gi4).  It  is  incorporated  in  the  great  sciatic  trunk  in  the 
buttock  and  upper  part  of  the  thigh.  At  the  bifurcation  of  this  nerve  it  passes 
directly  downwards  through  the  popliteal  space,  and  enters  the  back  of  the  leg  at 
the  lower  border  of  the  popliteus  muscle.  The  part  of  the  nerve  from  its  origin 
from  the  plexus  or  the  bifurcation  of  the  great  sciatic  nerve  to  the  lower  border  of 
the  popliteus  muscle  is  sometimes  called  internal  popliteal ;  the  part  of  the  nerve  in 
the  back  of  the  leg  being  then  designated  posterior  tibial.  In  the  popliteal  space 
it  is  concealed  at  "first  by  the  semimembranosus  and  other  hamstring  mitscles.  It 
afterwards  lies  beneath  the  gastrocnemius  and  plantaris  muscles,  and  in  its  course 
it  crosses  the  popliteal  vessels  from  without  inwards,  so  as  to  lie  below  upon  the 
popliteus  muscle.  In  the  back  of  the  leg,  from  the  lower  border  of  the  popliteus 
muscle  to  the.  ankle,  the  tibial  (or  posterior  tibial)  nerve  lies  on  the  tibialis  posticus 
muscle  and  the  tibia,  and,  along  with  the  posterior  tibial  vessels,  occupies  a  sheatli 
in  the  intermuscular  septum  separating  the  superficial  and  deep  muscles  of  the  back 
of  the  leg.  In  the  upper  part  of  the  leg  it  is  internal  to  the  vessels,  but,  crossing 
over  them,  it  lies  on  their  outer  side  in  the  lower  portion  of  its  course.  The  nerve 
terminates  beneath  the  internal  annular  ligament  by  dividing  into  the  external 
and  internal  plantar  nerves. 

The  collateral  branches  may  be  divided  into  three  sets : — 

(a)  Brandies  arising  from  the  Roots  or  I'runk  of  the  Nerve  wldle  it  is  incor- 
porated with  the  Great  Sciatic  Nerve. — These  have  been  already  described,  viz. 
muscular  branches  to  the  quadratus  femoris,  gemelli,  obturator  internus,  and  the 
hamstring  muscles,  and  an  articular  branch  to  the  hip-joint  (Eig.  446,  p.  G14). 

(b)  Branches  arising  in  the  Popliteal  Space  abore  the  Knee-Joint. — These  are 
in  three  sets — articular,  muscular,  cutaneous. 

1.  The  articular  branches  are  slender  nerves,  variable  in  number.  There  are 
usually  two,  an  azygos  branch  which  pierces  the  posterior  ligament  of  the  knee 
joint,  and  an  internal  branch,  a  long  fine  nerve  which,  crossing  tlie  popliteal  vessels, 
descends  on  the  inner  side  of  the  space  to  accompany  the  lower  internal  articular 
artery  to  the  knee-joint.  In  its  course  it  gives  off  a  branch  which  accompanies  the 
upper  internal  articular  artery.    It  is  often  absent. 

2.  The  muscular  branches  are  five  in  number.  Nerves  for  the  two  heads  of  the 
gastrocnemius  and  plantaris  enter  the  muscles  at  the  borders  of  the  popliteal  space. 
A  nerve  for  the  soleus  enters  the  superficial  surface  of  the  muscle.  A  nerve  for  the 
popliteus  muscle  passes  over  the  surface  of  that  muscle,  and  after  winding  round  its 
lower  border,  supplies  it  on  its  deep  (anterior)  surface.  As  this  nerve  passes  beneath 
the  popliteus  it  supplies  branches  to  the  tibialis  posticus  muscle,  an  interosseous 
branch  for  the  interosseous  membrane,  which  can  be  traced  as  far  as  the  lower 
tibio-fibular  articulation,  an  articular  branch  for  the  upper  tibio-fibular  joint,  and 
a  medullary  branch  for  the  shaft  of  the  tibia. 

3.  The  cutaneous  branch  is  the  tibial  communicating  nerve  (n.  communicans 
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tibialis,  u.  cutaneus  surte  medialis).  This  nerve  passes  from  the  popUteal  space  iu 
the  groove  between  the  two  heads  of  the  gastrocnemius  muscle,  and  afterwards  lies 
upon  the  tendo  achillis.  It  pierces  the  deep  fascia  in  the  middle  third  of  the  back 
of  the  leg,  and  is  joined  immediately  afterwards  by 
the  peroneal  communicating  nerve  from  the  peroneal 
nerve.  From  their  union  the  external  or  short  saphenous 
nerve  results,  which  reaches  the  foot,  winding  round 
the  back  of  the  external  malleolus  along  with  the 
external  saphenous  vein.  The  external  saphenous 
nerve  supplies  cutaneous  branches  to  the  outer  side 
and  back  of  the  lower  third  of  the  leg,  the  ankle  and 
heel,  and  the  outer  side  of  the  foot  and  little  toe,  as 
well  as  articular  branches  to  the  ankle  and  tarsal 
joints. 

The  external  saphenous  nerve  communicates  on  the 
foot  with  the  musculo-cutaneous  nerve,  and  its  size  varies 
with  the  size  of  that  nerve.  It  may  extend  on  to  the 
dorsum  of  the  foot  for  a  considerable  distance,  and  may 
either  reinforce  or  replace  the  branches  of  the  musculo- 
cutaneous nerve  to  the  intervals  between  the  fourth  and 
fifth  and  even  the  third  and  fourth  toes.  The  mode  of 
formation  of  the  external  saphenous  nerve  is  very  variable. 
The  usual  arrangement  is  that  described.  Frequently 
tlie  peroneal  and  tibial  communicating  nerves  do  not  unite, 
and  in  such  cases  the  more  usual  arrangement  is  for  the 
tibial  communicating  nerve  to  form  alone  the  -external 
saphenous  nerve,  the  peroneal  communicating  nerve  extend- 
ing only  to  the  ankle  and  heel.  It  is  less  usual  for  the 
peroneal  communicating  nerve  to  form  alone  the  external 
saphenous  nerve,  the  tibial  communicating  nerve  in  tliese 
cases  ending  at  the  heel. 

(c)  Branches  arising  in  the  Bad:  of  the  Leg  helow 
the  Knee- Joint. — These  branches  are  mainly  muscular 
and  cutaneous. 

The  muscular  branches  are  four  in  number,  com- 
prising nerves  to  the  soleus  (entering  its  deep  surface) 
and  tibialis  posticus,  often  arising  by  a  common  trunk, 
and  nerves  to  the  flexor  longus  digitorum  and  flexor 
longus  hallucis,  the  latter  generally  accompanying  the 
peroneal  artery  for  some  distance. 

The  cutaneous  branch  is  the  internal  calcanean 
nerve  (rr.  calcanei  mediales),  which  pierces  the  internal 
annular  hgament,  and  is  distributed  to  the  skin  of  Fw.  444.-Distributioi^  of  Cuta- 

,     1     °i  1     1         ,     n  j_i        T      n  ,1     f.    .  NEOTJS  Nerves  on  the  Back  of 

the  heel  and  back  part  ot  the  sole  or  the  loot.  the  Loweh  Limb.  ' 

In  addition  a  medullary  nerve  to  the  fibula,  and  ou  the  one  side  the  distribution  of 

a  small  articular  branch  to  the  ankle-joint,  are  sup-      the  several  nerves  is  represented 

plied  by  the  posterior  tibial  nerve. 

The  terminal  branches  of  the  tibial  nerve  are 
the  internal  and  external  plantar  nerves. 


Internal  Plantar  Nerve. 

The  internal  plantar  nerve  (n.  plantaris  medialis) 
is  homologous  with  the  median  nerve  in  the  hand  (Fig. 
445,  p.-  612).  It  is  rather  larger  than  the  external 
plantar.    It  courses  forwards  in  the  sole  of  the  foot 


the  letters  indicating  tlieir  nomen- 
clature. 

L.l,  2,  3,  S.l,  2,  3,  Posterior  primary 
divisions  of  lumbar  and  sacral 
nerves;  I.H,  llio-hypogastric;  T.12, 
Lateral  and  posterior  branches  of 
last  thoracic  nerve;  A.Co',  Posterior 
sacro-coccygeal  nerve  ;  A.Co'^,  An- 
terior saoro-coccygeal  nerve ;  Pehf, 
Perforating  cutaneous  nerve  ;  S.Sc, 
Small  sciatic  ;  E.C,  External  cuta- 
neous ;  Obt,  Obturator  ;  I.C,  In- 
ternal cutaneous  ;  E.P.S,  Sural 
branches  of  peroneal  ;  I.S,  Internal 
Calc,  Calcanean  branch  of  posterior 


'      saphenous  ;  E.S,  External  saphenous  ;  M.C,  Musculo-cutaneout 
tibial  ;  LP,  Internal  plantar  ;  E.P,  External  plantar  nerve. 
On  the  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by  the  above  nerves,  the 
indicating  the  spinal  origin  of  the  branches  of  distribution  to  each  ai'ea. 


etters 
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lieneath  the  internal  annular  ligament  and  abductor  hallucis  to  the  interval  between 
that  miTScIe  and  the  flexor  brevis  digitorum,  in  company  with  the  internal  plantar 
firtery. 

Tlie  collateral  branches  are  muscular,  cutaneous,  and  articular.  The  muscular 
branches  supply  the  abductor  hallucis  and  the  flexor  Ijrevis  digitorum.  The  plantar 
cutaneous  branches  are  small  twigs  which  pierce  the  plantar  fascia  in  the  interval 
l)etween  these  muscles  to  supply  the  inner  part  of  the  sole  of  the  foot.  The  arti- 
cular branches  are  minute  twigs  which  supply  the  inner  tarsal  and  tarso-metatarsal 
articulations. 

The  terminal  branches  are  four  in  number,  and  may  lie  designated  flrst, 
second,  third,  and  fourth,  from  within  outwards. 

The  first  (most  internal)  branch  separates  from  the  nerve  before  the  others, 
and  pierces  the  plantar  fascia  behind  the  ball  of  the  great 
toe.  It  supplies  a  muscular  branch  to  the  flexor  brevis 
hallucis,  aud  cutaneous  branches  to  the  inner  side  of  the 
loot  and  ball  of  the  great  toe.  It  terminates  as  the 
plantar  digital  nerve  for  the  inner  side  of  the  great  toe. 

The  second  branch  arises  along  with  the  third  and 
fourth  ;  after  supplying  a  branch  to  the  first  lumbrical 
muscle,  it  becomes  superficial  in  the  interval  between  the 
first  and  second  toes,  and  terminates  by  dividing  into  two 
plantar  digital  nerves  for  the  supply  of  the  adjacent  sides 
of  these  toes. 

The  third  and  fourth  branches  are  entirely  cutaneous  in 
their  distribution.  They  become  superficial  in  the  intervals 
between  the  second  and  third  aud  the  third  and  fourth 
toes  respectively,  and  there  divide  into  plantar  digital 
branches  for  the  supply  of  the  adjacent  sides  of  these  toes. 

The  plantar  digital  nerves  supply  the  whole  length  of 
the  toes  on  the  plantar  aspect,  and,  in  relation  to  the 
terminal  phalanges,  furnish  minute  dorsal  offsets  for  the 
supply  of  the  nails  and  tips  of  the  toes  on  their  dorsal 
surface.  The  intei'ual  plantar  nerve  thus  supplies  the  skin 
of  the  three  and  a  half  inner  toes  in  the  sole  of  the  foot 
Plantar  and  four  muscles  :  the  abductor  hallucis  and  flexor  brevis 
digitorum,  the  flexor  brevis  hallucis,  and  the  first  lumbrical 

I. PI,  Internal  plantar  nerve,  ami  mugcle 
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Fig.  445. — Scheme  of  Distri- 
bdtion    of  the 
Nerves. 


its  cutaneous  and  muscular 
branches  ;  F.B.D,  Flexor 
brevis  digitorum  ;  Abd.H, 
Abductor  hallucis  ;  F.B.H, 
Flexor  brevis  hallucis  ;  L.I, 
First  luralfricalis  ;  E.Pl,  Ex- 
ternal plantar  nerve,  and  its   ItS  Origin 

cutaneous    and    muscular  extends  forwards  and  outwards  in  the  sole,  in  company 

branches  ;  Acc,  Accessorius  ; 
Abd.m.d,  Abductor  minimi 
digiti;  F.B.M.D,  Flexor  brevis 
minimi  digiti  ;  R.P,  Ramus 
profundus. 


External  Plantar  Nerve. 

The  external  plantar  nerve  (n.  plautaris  lateralis) 
is  homologous  with  the  ulnar  nerve  in  the  hand.  From 
its   origin   beneath   the   internal  annular  ligament  it 


with  the  external  plantar  artery,  between  the  flexor  brevis 
digitorum  and  accessorius  muscles,  towards  the  head  of 
the  fifth  metatarsal  bone.    Here  it  terminates  by  dividing 
into  superficial  and  deep  branches. 
Collateral  Branches. — Muscular  branches  are  given  off  from  the  undivided  nerve 
to  the  accessorius  and  abductor  minimi  digiti  muscles.     Cutaneous  branches 
pierce  the  plantar  fascia  at  intervals  along  the  line  of  the  intermuscular  septum, 
between  the  flexor  brevis  digitorum  and  abductor  minimi  digiti. 

Terminal  Branches. — The  superficial  branch  (r.  superficialis)  is  mainly  cutaneous. 
Passing  forwards  between  the  flexor  brevis  digitorum  and  abductor  minimi  digiti, 
it  divides  into  external  and  internal  parts. 

The  external  branch,  after  supplying  the  flexor  brevis  minimi  digiti  muscle,  and 
sometimes  one  or  both  interossei  of  the  fourth  space,  becomes  superficial  behind 
the  liall  of  the  little  toe,  and  supplies  cutaneous  twigs  to  the  sole  of  the  foot  and 
ball  of  the  toe.  It  terminates  as  the  plantar  digital  branch  for  the  outer  side  of 
the  little  toe. 
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The  internal  branch  passes  forwards  to  the  interval  between  the  fourth  and  fifth 
toes,  where  it  becomes  cutaneous,  and  divides  into  two  plantar  digital  branches  for 
the  supply  of  the  adjacent  sides  of  these  toes.  It  communicates  with  the  fourth 
terminal  branch  of  the  internal  plantar  nerve. 

The  deep  branch  (r.  profundus)  of  the  external  plantar  nerve,  passing  deeply 
along  with  the  external  plantar  artery,  extends  inwards  towards  the  great  toe, 
beneath  the  accessorius  and  adductor  obliquus  hallucis.  It  gives  off  articular 
branches  to  the  tarsal  and  tarso-metatarsal  articulations,  and  muscular  hraiiches 
to  the  interossei  of  each  space  (except  in  some  cases  the  muscles  of  the  iburth 
space)  :  the  adductor  obliquus  and  adductor  transversus  hallucis,  and  the  outer 
three  lumbrical  muscles.  These  nerves  enter  the  deep  surface  of  the  muscles,  that 
to  the  second  lumbrical  reaching  its  muscle  after  passing  forwards  beneath  the 
adductor  transversus  hallucis. 

THE  PUDENDAL  PLEXUS. 

The  pudendal  plexus  constitutes  the  third  and  last  subdivision  of  the  lumbo- 
sacral plexus.  It  is  composed  for  the  most  part  of  the  spinal  nerves  below  those 
which  form  the  sacral  plexus  ;  but,  as  already  stated,  there  is  no  distinct  point  of 
separation  between  the  two  plexuses.  On  the  contrary,  there  is  considerable  over- 
lapping, so  that  two  and  sometimes  three  of  the  principal  nerves  derived  from  the 
pudendal  plexus  have  their  origin  in  common  with  nerves  of  the  sacral  plexus. 

The  plexus  is  formed  by  fibres  from  the  anterior  primary  divisions  of  the  first 
three  sacral  nerves,  and  by  the  whole  of  the  anterior  primary  divisions  of  the  fourth 
and  fifth  sacral  and  coccygeal  nerves.  The  size  of  the  nerves  diminishes  rapidly 
from  the  first  sacral  to  the  coccygeal,  which  is  extremely  slender. 

Position  and  Constitution. — The  plexus  is  formed  on  the  back  wall  of  the 
pelvis.  Of  the  nerves  forming  it,  the  upper  ones  emerge  from  the  anterior  sacral 
foramina  ;  the  fifth  sacral  nerve  appears  between  the  last  sacral  and  first  coccygeal 
vertebra  ;  and  the  coccygeal  nerve  appears  below  the  transverse  process  of  that 
vertebra.    The  nerves  of  distribution  derived  from  the  plexus  are  the  following : — 

1.  Visceral  branches.  4.  Pudic  nerve. 

2.  Small  sciatic  nerve.  5.  Muscular  branches. 

3.  Perforating  cutaneous  nerve.  6.  Sacro-coccygeal  nerve. 

Omitting  the  visceral  branch,  all  the  nerves  are  distributed  to  the  perineum. 
Only  two,  the  small  sciatic  and  perforating  cutaneous  nerves,  send  branches  to  the 
lower  limb. 

Visceral  Branches. — Like  the  other  spinal  nerves,  the  fourth  and  fifth  sacral 
and  coccygeal  nerves  are  provided  with  fine  gray  rami  communicantes  from 
the  sacral  gangliated  cord,  which  joins  them  after  a  short  course  on  the  front  of 
the  sacrum.  The  third  (along  with  the  second  or  fourth)  sacral  nerve  in  addition 
sends  a  considerable  lohite  ramus  communicans  or  visceral  branch  inwards  to  the 
pelvic  plexus  and  viscera. 

Small  Sciatic  Nerve  (n.  cutaneus  femoris  posterior). — This  nerve  is  complex 
both  in  origin  and  distribution  (Eig.  446,  p.  614).  Springing  from  the  junction  of 
the  sacral  and  pudendal  plexuses,  it  is  derived  from  the  first  three  sacral  nerves.  It 
is  distributed  to  both  the  lower  limb  and  perineum,  and  is  associated  with  other 
nerves  belonging  to  both  regions.  It  arises  from  the  back  of  the  roots  of  the  sacral 
plexus  in  the  pelvis.  Its  higher  roots  from  the  first  and  second  sacral  nerves  are 
intimately  associated  with  the  origin  of  the  inferior  gluteal  nerve  ;  its  lowest  root 
from  the  third  sacral  nerve  is  associated  with  the  origins  of  the  perforating  cutaneous 
or  pudic  nerve.  It  enters  the  buttock  through  the  great  sciatic  notch  below  the 
pyriformis,  along  with  the  sciatic  artery  and  inferior  gluteal  nerve.  Proceeding 
downwards  behind  the  great  sciatic  nerve,  it  enters  the  thigh  at  the  lower  border 
of  the  gluteus  maximus  muscle,  where  it  gives  off  considerable  branches.  Becoming 
gradually  smaller  as  it  courses  downwards  over  the  hamstring  muscles  to  the  popliteal 
space,  it  finally  pierces  the  popliteal  fascia  in  one  or  more  cutaneous  branches,  which 
supply  the  skin  over  the  cali'  of  the  leg  for  a  variable  distance  (Fig.  444,  p.  611). 
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Branches. — The  small  sciatic  is  a  purely  cutaueous  uerve.  It  supplies  brauches 
to  the  perineum,  buttock,  thigh,  and  leg. 

The  perineal  branch  (rr.  perinseales ;  inferior  pudendal  uerve ;  long  scrotal 


Fii:.  4-16. — Nkkvks  ok  thk  Lu.MUd-S.^cuAL  I'lexus. 


Hy,  Sympathetic  cord  ;  T.12,  L.l,  2,  'i,  4,  ii,  S.l,  "2,  :i,  4,  5,  Co,  Anterior  primary  divisions  of  tlie  last  thoracic, 
the  lumbar,  sacral,  and  coccj-geal  nerves  ;  Q,  Nerves  to  quadratus  liimborum  ;  Ps,  Nerves  to  psoas 
Tnuscle  ;  G.C,  Genito-cniral  nerve  ;  II,  Iliac* branches  of  last  thoracic  and  ilio-hypogastric  nerves  ;  Hy, 
Hypogastric  brancli  of  ilio-hypogastric  nerve  ;  I.I,  llio-inguinal  nerve  ;  E.C,  External  cutaneous  nerve  ; 
A.C,  Anterior  crural  nerve  ;  Obt,  Obturator^nerve  ;  Py,  Nerves  to  pyriformis  muscle  ;  0.1,  Nerve  to 
obturator  internus  ;  Q.F,  Nerve  to  quadratus  femoris  muscle  ;  Art,  Articular  branch  ;  S.G,  Superior 
gluteal  nerve  ;  I.Ci,  Inferior  gluteal  nerve  ;  P,  Peroneal  nerve  ;  Bi."2,  Nerve  to  short  head  of  biceps  muscle  ; 
T,  Tibial  nerve  ;  Art,  Articular  branch  ;  H.S,  Nerve  to  the  hamstring  muscles  ;  Bi.l,  Nerves  to  biceps 
(long  head),  and  St.l,  to  .semitendinosus  ;  St.2,  Semitendinosus  ;  Sm,  Senumeinbranosus  ;  A.ni,  Adductor 
uiagnus  ;  S.Sc,  Small  sciatic  nerve  ;  Perf,  Perforating  cutaneous  nerve  ;  Pud,  Pudic  nerve  ;  M,  Muscular 
branches  ;  Per,  Perineal  branch  of  fourth  sacral  ;  A. Co,  Anterior  saci'O-coccygeal  nerve. 
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nerve)  arises  from  the  small  sciatic  nerve  at  the  lower  border  of  the  gluteus 
maximus  muscle  (Fig.  447,  p.  616).  It  sweeps  inwards  towards  the  perineum, 
lying  on  the  origin  of  the  hamstring  muscles  below  the  ischial  tuberosity,  and 
terminates  by  becoming  subcutaneous  over  the  pubic  arch.  Its  terminal  branches 
supply  the  skin  of  the  scrotum  and  root  of  the  penis,  or  in  the  female  the  labium 
majus  and  clitoris,  some  of  them  being  directed  backwards  towards  the  anus  and 
central  point  of  the  perineum.  They  communicate  with  the  inferior  htemorrhoidal 
and  perineal  branches  of  the  pudic  nerve  and  with  the  ilio-inguinal  nerve.  In  its 
course  to  the  perineum  the  nerve  gives  off  collateral  branches  to  the  skin  of  the 
upper  and  inner  part  of  the  thigh. 

The  gluteal  branches  (rr.  clunium  inferiores)  are  large  and  numerous  (Fig. 
444,  p.  611).  They  arise  from  the  small  sciatic  nerve  beneath  the  gluteus 
maximus,  and  become  subcutaneous  by  piercing  the  fascia- lata  at  different  points 
along  its  lower  border.  They  supply  the  skin  of  the  lower  half  of  the  buttock. 
The  outermost  branches,  reaching  to  the  back  of  the  great  trochanter,  overlap  the 
terminal  filaments  of  the  gluteal  branches  of  the  external  cutaneous  nerve,  and  the 
posterior  primary  divisions  of  the  first  three  lumbar  nerves.  The  innermost  branches, 
which  may  pierce  the  great  sacro-sciatic  ligament,  reach  nearly  to  the  coccyx,  and 
are  coterminous  in  their  distribution  with  the  branches  of  the  perforating  cutaneous 
nerve,  which  they  reinforce  and  not  unfrequently  replace. 

The  femoral  branches  are  divisible  into  two  sets — internal  and  external.  They 
pierce  the  fascia  lata  of  the  thigh  at  intervals,  and  respectively  supply  the  skin  of 
the  back  of  the  thigh  on  its  inner  and  outer  sides. 

The  sural  branches  are  two  or  more  slender  nerves  which  pierce  the  fascia 
over  the  popliteal  space,  and  are  distributed  for  a  variable  extent  to  the  skin  of 
the  back  of  the  leg.  They  may  stop  short  over  the  popliteal  space,  or  may  extend 
as  far  as  the  ankle.  Usually  they  innervate  the  skin  as  far  as  the  middle  of  the 
calf.    They  communicate  with  the  external  saphenous  nerve. 

Ill  case.s  wliere  tlie  great  sciatic  nerve  is  naturally  divided  at  its  origin  into  tibial  (internal 
popliteal)  and  peroneal  (external  popliteal)  nerves  {e.g.  hy  the  pyriforniis  muscle),  the  small 
sciatic  nerve  is  also  separated  into  two  parts  :  a  dorsal  part,  associated  with  the  jjeroneal  nerve 
and  arising  in  common  with  the  lower  roots  of  the  interior  gluteal  nerve  (usually  from  the  first 
and  second  sacral  nerves),  which  comprises  the  gluteal  and  external  femoral  liranches  ;  and  a 
ventral  part,  associated  with  the  tibial  nerve  and  arising  usually  from  the  second  and  third 
sacral  nerves,  along  with  the  perforating  cutaneous  and  pudic  nerves,  which  comprises  the 
perineal  and  internal  femoral  branches. 

Perforating  Cutaneous  Nerve  (u.  perforans  ligamenti  tuberoso  -  sacri 
(Schwalbe),  n.  cutaneus  clunium  inferior  medialis  (Eisler)  ). — This  nerve  arises 
from  the  l)ack  of  the  second  and  third  sacral  nerves  (Fig.  447,  p.  616).  It  is 
associated  at  its  origin  with  the  lower  roots  of  the  small  sciatic  nerve.  Passing 
downwards  it  pierces  the  great  sacro-sciatic  ligament,  along  with  the  coccygeal 
branch  of  the  sciatic  artery ;  and  after  winding  round  the  lower  border  of  the 
gluteus  maximus  muscle,  or  piercing  its  lower  fibres,  it  becomes  subcutaneous  a 
little  distance  from  the  coccyx,  and  supplies  the  skin  over  the  lower  part  of  the 
buttock  and  the  inner  part  of  the  fold  of  the  nates. 

The  perfui'atiuL!'  cutaneous  nerve  is  not  always  present.  In  a  minority  of  cases  it  is  associated 
at  its  origin  with  tlie  pudic  nerve.  When  absent  as  a  separate  nerve,  its  place  is  taken  liy  (1) 
gluteal  branches  of  the  small  sciatic  nerve,  or  (2)  a  Ijranch  from  the  pudic  nerve,  (jr  (3)  a  small 
nerve  (ii.  perforans  coccygeus  major,  Eisler),  arising  separately  from  the  Ijack  of  the  tliird  and 
fourth  sacral  nerves. 

Muscular  Branches. — Between  the  third  and  fourth  sacral  nerves  (occasion- 
ally reinforced  by  the  second,  Eisler)  a  plexiform  loop  is  formed,  from  which 
muscular  nerves  are  given  off  to  the  levator  ani  (supplying  the  muscle  on  its  pelvic 
surface),  coccygeus,  and  external  sphincter.  The  nerve  to  the  external  sphincter 
(jperineal  hranch  of  fourth  sacral)  pierces  the  great  sacro-sciatic  ligament  and  the 
coccygeus  muscle,  to  which  it  gives  offsets,  and  appears  in  the  ischio-rectal  fossa 
between  the  gluteus  maximus  and  the  external  sphincter.  Besides  supplying  the 
posterior  fibres  of  the  external  sphincter,  it  distril)utes  cutaneous  offsets  to  the  skin 
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of  the  ischio-rectal  fossa  aud  tlie  fold  of  the  nates  behind  the  anus.  This  nerve 
replaces,  in  some  cases,  the  perforating  cutaneous  nerve. 

Anterior  Sacro-coccyg"eal  Nerves  (nn.  ano-coccygei). — By  the  union  of  the 
remaining  part  of  the  fourth  witli  the  fiftli  sacral  and  coccygeal  nerves,  the 
so-called  coccygeal  plexus  is  formed.  A  fine  descending  branch  of  the  fourth 
sacral  nerve  passes  over  or  through  the  great  sacro-sciatic  ligament,  to  join  the 
fifth  sacral  nerve.  This  fifth  sacral  nerve,  joined  l)y  the  descending  branch  of 
the  fourth,  descends  alongside  the  coccyx  and  is  again  joined  by  the  coccygeal 
nerve,  so  that  a  plexiform  cord  results,  homologous  with  the  inferior  caudal  trunk 
of  tailed  animals.  Fine  twigs  arise  from  it,  which  pierce  the  sacro-sciatic  ligament 
and  supply  tlie  skin  in  the  neighbourhood  of  tlie  coccyx,  internal  to  the  perforating 
cutaneous  nerves  and  behind  the  anus. 

The  Pudic  Nekve. 

Tlic  pudic  nerve  (n.  pudendus)  is  the  principal  nerve  for  the  supply  of  the 
perineum.  It  arises  in  tlie  pelvis  usually  by  three  roots  from  the  second,  third,  and 
fourth  sacral  nerves  (Fig.  446,  p.  G14).  (Frequently  one  of  its  branches,  the  inferior 
hsemorrhoidal  nerve,  arises  independently  from  the  third  and  fourth  sacral  nerves.) 


PEHINrAI.  HRANCH  OF  FOURTH  .SACK.\L  NERVE  ANTERIOR  SACRO-COOCVUEAL  NEKVE 

Fto.  447. — The  Muscles  and  Nerves  of  the  Male  Perineum. 

The  nerve  passes  to  the  buttock  tlirough  tlie  great  sacro-sciatic  foramen  below  the 
great  sciatic  nerve,  and  lies  on  the  lesser  sacro-sciatic  hgament,  or  the  spine  of  the 
ischium,  internal  to  the  internal  pudic  artery.  It  enters  the  perineum  along  with 
the  pudic  artery  through  the  small  sacro-sciatic  foramen.  In  the  perineum  it  is 
deeply  placed  in  the  outer  wall  of  the  ischio-rectal  fossa,  enclosed  in  a  special 
sheath  derived  from  the  parietal  pelvic  fascia  covering  the  inner  surface  of  the 
obturator  internus  muscle.  At  the  anterior  limit  of  the  ischio-rectal  fossa,  the 
nerve  approaches  the  surface  and  divides  at  the  base  of  the  triangular  ligament 
into  its  terminal  branches,  the  perineal  nerve  and  the  dorsal  nerve  of  the  penis. 

The  branches  of  the  pudic  nerve  are  essentially  the  same  iu  the  two  sexes. 
As  a  rule  no  branches  are  given  off  till  the  nerve  enters  the  perineum,  but  some- 
times tlie  inferior  htiemorrhoidal  nerve   has  an  independent  origin  from  the 
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plexus,  merely  accompanying  the  pudic  nerve  in  the  first  part  of  its  course ;  in 
exceptional  cases  the  perforating  cutaneous  nerve  of  the  buttock  is  a  branch  of  the 
pudic  nerve. 

The  inferior  hsemorrhoidal  nerve  (n.  hasmorrhoidalis  inferior)  arises  from  the 
pudic  nerve  under  cover  of  the  gluteus  maximus,  at  the  posterior  part  of  the  ischio- 
rectal fossa.  In  cases  in  which  it  has  an  independent  origin  from  the  plexus,  it 
arises  from  the  third  and  fourth  sacral  nerves.  It  crosses  the  ischio-rectal  fossa  in 
company  with  the  inferior  hsemorrhoidal  vessels  and  separates  into  numerous 
branches — muscular,  cutaneous,  and  communicating. 

The  muscular  branches  end  in  the  external  sphincter  muscle.  The  cutaneous 
branches  supply  the  skin  around  the  anus.  The  communicating  branches  connect 
the  inferior  htemorrhoidal  with  three  other  nerves — the  perineal  branches  of  the 
small  sciatic,  pudic,  and  fourth  sacral  nerves. 

The  perineal  nerve  (n.  perineus),  one  of  the  two  terminal  branches  of  the 
pudic  nerve,  arises  near  the  base  of  the  triangular  ligament.  It  almost  immediately 
divides  into  two  parts,  superficial  and  deep. 

The  superficial  part  is  purely  cutaneous  and  consists  of  twtrnerves,  the  posterior 
or  external  and  the  anterior  or  internal  superficial  perineal  nerves,  which  pass, 
along  with  the  superficial  perineal  vessels,  to  the  anterior  part  of  the  perineum. 


Fig.  448. — The  Thiangui.ar  Ligament  ok  the  Pehinedm. 

The  posterior  or  external  superficial  perineal  nerve,  at  the  anterior  limit  of  the  ischio- 
rectal fossa,  usually  passes  over  the  base  of  the  triangular  ligament  and  the  trans- 
versus  perinei  muscle.  The  anterior  or  internal  superficial  perineal  nerve,  lying  more 
deeply,  pierces  the  base  of  the  triangular  ligament  and  goes  underneath  or  through 
the  transversus  perinei  muscle.  Becoming  superficial  in  the  anterior  (urethral) 
triangle  of  the  perineum,  they  are  distributed  to  the  skin  of  the  scrotum  (or  labium 
majus),  and  communicate  with  the  perineal  branch  of  tlie  small  sciatic  nerve  and 
with  the  inferior  hsemorrhoidal  nerve. 

The  deep  part  of  the  perineal  nerve  is  mainly  but  not  entirely  muscular. 
Coursing  forwards  through  the  anterior  part  of  the  ischio-rectal  fossa,  it  passes 
between  the  two  layers  of  the  triangular  ligament  towards  the  urethra.  It  supplies 
muscular  branches  to  the  anterior  parts  of  the  levator  ani  and  external  sphincter, 
to  the  transversus  perinei,  erector  penis  (or  clitoridis),  bulbo-cavernosus  (ejaculator 
urinse  or  sphincter  vaginae),  and  compressor  urethrse.  It  terminates  as  the  nerve 
to  the  bulb,  which,  piercing  the  triangular  ligament,  enters  the  bulb  of  the  urethra 
and  supplies  the  erectile  tissue  of  the  bulb  and  corpus  spongiosum,  as  well  as  the 
raucous  meml)rane  of  the  urethra  as  far  as  the  glans  penis  (or  clitoridis). 
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The  dorsal  nerve  of  the  penis,  the  other  terminal  branch  of  the  pudic  nerve, 
accompanies  the  internal  pudic  artery  beneath  the  superficial  layer  of  the  triangular 
ligament.  It  passes  forward  close  to  the  pubic  arch,  lying  beneath  the  crus  and 
erector  penis  (or  clitoridis),  and  triangular  ligament,  and  upon  the  compressor 
urethne  muscle ;  piercing  the  triangular  ligament  near  its  apex,  at  the  outer  side 
of  the  dorsal  artery  of  the  penis  (or  clitoris),  it  passes  on  to  the  dorsum  of  the 
penis  or  clitoris,  to  which  it  is  distributed  in  its  distal  two-thirds,  sending  branches 
round  the  sides  of  the  organ  to  reach  its  under  surface.  In  the  female  the  nerve  is 
much  smaller  than  in  the  male.  The  dorsal  nerve  of  the  penis  supplies  one  branch, 
the  nerve  to  the  corpus  cavernosum,  as  it  lies  beneath  the  triangular  ligament. 
This  is  a  slender  nerve,  which,  piercing  the  triangular  ligament,  supplies  the 
erectile  tissue  of  the  crus  and  corpus  cavernosum. 

Morphology  of  the  Pudendal  Plexus. — Tlie  structme.s  occupying  the  perineum  are  placed 
in  the  ventral  axis  of  the  liody,  and  comprise  from  above  downwards  the  penis  and  scrotum,  or 
mons  Veneris  and  vulva,  the  central  point  of  the  perineum,  tlie  anus  and  ischio-rectal  fossa,  and 
the  coccyx.  Tliey  are  placed  on  the  inner  side  of  the  attachment  of  the  lower  limbs — the  penis 
or  mons  Veneris  in  relation  to  tlie  preaxial  border  ;  the  coccj'x  in  relation  to  the  postaxial  border 
of  the  limb. 

The  nerves  of  the  perineum,  thus  reaching  the  ventral  axis  of  the  trunk,  are  homologous  with 
tlie  anterior  (ventral)  terminations  of  other  nerves.    They  are  seiKirated  into  two  series.  Mainly 

supplied  through  the  pudendal  plexus  by  the  last  four  sacral 
and  the  coccygeal  nerves,  the  perineum  is  also  innervated 
to  a  minor  extent  by  the  first  lumbar  nerve  through  the 
ilio-inguinal  nerve,  which  reaches  the  root  of  the  penis  and 
tlie  scrotum.  The  iDerineum  is  thus  supplied  by  two  series 
of  widely  separated  nerves,  which  have  their  meeting-place 
on  the  dorsum  and  side  of  the  penis  and  scrotum.  This 
junction  of  the  ilio-inguinal  and  pudendal  nerves  constitutes 
the  beginning  of  the  ventral  axial  area  or  line,  which 
extends  peripherally  down  the  inner  side  of  the  lower  lind). 
Apart  from  this  break  in  their  distribution,  a  definite 
numerical  order  may  be  followed  in  the  arrangement  of  the 
perineal  nerves.  The  higher  parts  of  the  perineum  are  in- 
nervated by  the  higher  sjjinal  nerves  ;  tlie  lower  parts,  by  the 
lower  nerves.  This  is  best  exemplified  in  the  distribution  of 
the  cutaneous  nerves.  The  Ijase  of  the  penis  and  scrotum 
(or  mons  Veneris)  is  supplied  by  the  first  lumbar  nerve  (ilio- 
inguinal). The  dorsal  nerve  of  the  jienis  (or  clitoris),  when 
traced  back  to  the  pudendal  plexus,  is  Ibund  to  come  from 
the  second,  and  to  a  less  extent  from  the  third  sacral  nerves ; 
the  scrotal  nerves  (perineal  branches  of  tlie  i)udic  and  small 
sciatic)  similarly  arise  from  the  third,  and  to  a  less  extent 
from  the  second  sacral  nerves  ;  the  skin  of  the  ischio-rectal 
fossa  and  anus  is  innervated  by  the  inferior  h;emorrhoidal 
(third  and  fourth  sacral  nerves),  and  the  perineal  branch  of 
the  fourth  sacral  nerve.  The  coccygeal  ple.xus,  lastly,  supplies 
the  skin  round  the  coccyx  (fourth  and  fifth  sacial  and 
coccygeal  nerves).  Judged  from  its  nerve  supply  the  perineum 
is  to  be  regarded  as  occupying,  for  the  most  ])art,  a  position 
below  or  more  caudal  than  that  of  the  lower  limb  in  relation 
to  the  trunk.  There  is  here  a  remarkable  gap  in  the 
numerical  sequence  of  the  nerves  supplying  the  ventral  axis 
of  the  body.  All  the  nerves  between  tlie  first  lumbar  and 
the  second  sacral  fail  to  reach  the  middle  line  of  the  trunk  anteriorly  and  aiv  wliolly  concerned 
in  the  innervation  of  the  lower  liml). 

At  the  preaxial  border  of  the  liml)  (groin)  tlie  first  lumliar  nerve,  the  liighest  nerve  supplying 
tlie  perineum,  is  concerned  also  in  innervating  tlie  .skin  of  the  liml).  At  the  postaxial  border  of 
the  limb  (fold  of  the  nates  and  back  of  tlie  tliigh),  the  nerves  which  are  the  highest  of  those  con- 
stituting the  pudendal  plexus  (the  second  and  third  sacral  nerves)  are  also  implicated  in  inner- 
vating that  border  of  the  limb.  The  fourth  sacral  nerve  is  only  concerned  to  a  very  slight 
extent  in  the  innervation  of  the  limb  by  means  of  the  perineal  branch,  which  reaches  the 
beginning  of  its  postaxial  border  ;  the  last  two  spinal  nerves  are  wholly  unrepresented  in  the 
limlj  i)roper  and  end  entirely  in  the  trunk  below  tlie  limb. 

Devei.ofment  of  the  Spinal  Nekves. 
I.  Origin  of  the  Spinal  Nerve  Roots. — The  process  of  development  of  tiie  spinal 
nerves  commences  by  means  of  the  outgrowth  of  the  dorsal  and  ventral  roots  from  the 
medullary  tube.     The  two  roots  take  origin  iu  quite  different  ways. 


Km.  449. — SCHK.MK  of  Uic  innervation 
of  the  liiuder  portion  of  the  trunk 
and  of  the  perineum,  and  the  in- 
terruption of  the  segmental  arrange- 
ment of  the  nerves  associated  with 
the  formation  of  the  hinh. 

T.IO,  11,  12,  The  areas  of  di.stribution 
of  the  lower  thoracic  nerves  ;  L.l,  2, 

3,  The  posterior  primary  divisions 
of  the  tirst  three  lumbar  nerves  ;  L.l, 
The  ilio-inguinal  nerve  ;  S.l,  2,  3, 

4,  5,  t).  The  posterior  primary  divi- 
sions of  the  sacral  and  coccygeal 
nerves  (6)  ;  S.3,  2,  8.3,  2,  Branches 
of  pudic  nerve  to  penis  and  scrotum  ; 
S.3,  4,  Inferior  luBmorrhoidal  nerve  ; 
4,  Perineal  liranili  of  the  fourth 
sacral  nerve  ;  4,  5,  6,  Anterior  sacro- 
coccygeal nerve  ;  D.A.L,  Dorsal  axial 
line  ;  V.A.L,  Ventral  a.xial  line. 
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The  dorsal  root  iw  the  iirst  to  appear, — before,  during,  or  after  tlie  union  of  the 
medullary  plates  and  the  formation  of  the  neural  tube.  It  takes  origin  as  a  cellular  bud  from 
the  dorsal  surface  of  the  medullary  tube  in  one  of  three  ways  : — (1)  It  may  arise  from  the 
junction  of  the  medullary  plate  and  surface  epiblast  before  the  closure  of  the  medullary 
groove.  (2)  It  may  spring  from  the  neural  crest,  a  ridge  on  the  dorsal  aspect  of  the 
medullary  tube,  after  its  closure  is  complete.  (3)  It  may  be  simply  a  direct  outgrowth 
from  the  dorsal  surface  of  the  medullary  tube.  Pyriform  in  shape,  the  bud  enlarges  and 
becomes  separated  from  the  medullary  tube,  and  projects  ventrally  in  the  space  between 
the  myotome  and  the  medullary  tube.  Each  bud  is  separated  by  only  a  slight  interval 
from  its  neiglibour. 

Tlie  cells  (neuroblasts)  composing  the  bud  become  rapidly  spindle-shaped,  and  by  the 
middle  of  the  fourtli  week  give  rise  to  tv)o  sets  of  j^i'ocesses  ;  (1)  a  central  series,  which 
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A,  Forniatioii  of  nerve  roots. 


D.R,  Dorsal  root. 
V.R,  Ventral  root. 
N.T,  Neural  tube. 
No,  Notochord. 

U,  Formation  of  nerves. 

So,  Somatic  division. 

Vi,  Visceral  brand]. 

P,  Posterior  primary  divisit 


Al.C,  Alimentary  canal. 
.A.0,  Aorta. 
V,      Cardinal  vein. 
M.P,  Muscle  plate. 

U,  E,  Formation  of  suliunlinate 
branches. 

Lat,  Lateral,  and 

Ant,  Anterior,  brandies. 


B,  Formation  of  nerve  trunk  (N). 
D.Gr,  Dorsal  ganglion. 
Sy,     Sympathetic  cord. 
W.D,  Wolffian  duct. 
Co,  Cadom. 

F,  Formation  of  nerve  trunks  in  relation 
to  the  limb  :  dorsal  and  ventral 
trunks  corresponding  to  lateral  and 
anterior  truid^s  in  D.  and  E. 


grow  Ijackwards  and  are  secondarily,  connected  witli  the  dorso-lateral  aspect  of  the 
medullary  tube  as  the  fibres  of  the  dorsal  root;  and  (2)  a  peripheral  series,  wliicli  con- 
stitute the  dorsal  root  fibres  of  the  spinal  nerve  and  join  the  ventral  root,  to  form  tiie 
spinal  nerve  proper.    The  intermediate  cellular  mass  remains  as  the  spinal  ganglion. 

The  ventral  root  of  a  spinal  nerve  arises  in  quite  a  different  way,'  from  cells  (neuro- 
blasts) in  the  substance  of  the  medullary  tube.  In  the  account  of  the  development  of  the 
spinal  cord  it  has  been  shown  how  the  cellular  constituents  of  tlie  medullary  tube  are  con- 
verted into  two  classes  of  cells  :  (1)  spongioblasts,  which  produce  the  matrix  (neuroglia)  of 
the  spinal  cord ;  and  (2)  germ-cells  or  neuroblasts,  which  produce  the  nerve-cells  of  the 
gray  matter  of  the  cord.  The  neuroblasts  give  rise  to  the  axis-cylinder  processes  or 
axons,  whicli,  penetrating  the  spongy  tissue  of  the  medidlai'v  tulie  and  the  outer  limitino- 
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membrane,  find  their  way  into  the  mesoblastic  tissue  on  tiie  ventro-lateral  surface  of  the 
tube.  Fibrous  from  their  earliest  origin  and  derived  from  nerve-cells  which  remain  within 
tlie  medullary  tube,  the  ajCons  of  which  the  ventral  root  is  composed  become  surrounded 
by  mesoblastic  cells  immediately  on  their  emergence,  which  give  rise  to  the  sheaths  of  the 
nerve.  The  ventral  root  is  a  little  later  in  its  date  of  appearance  than  the  dorsal  root. 
It  begins  to  be  evident  at  tiie  twenty-fourth  day  and  is  completely  formed  by  the  twenty- 
eighth  day. 

II.  Formation  of  the  Spinal  Nerve. — The  fibres  of  the  dorsal  root  ganglion  and 
the  ventral  root  grow  by  extension  from  the  cells  with  which  they  are  respectively  con- 
nected, and  meet  in  the  space  between  the  myotome  and  the  side  of  the  medullary  tube 
to  form  tlie  spinal  nerve.  It  has  been  already  shown  that  in  the  adult  there  is  a  funda- 
mental division  of  tlie  spinal  nerve  into  posterior  and  anterior  primary  divisions.  In  the 
process  of  development  this  separation  is  even  more  obvious.  As  the  fibres  of  the  dorsal 
and  ventral  roots  approximate,  they  separate  at  the  same  time  each  into  two  unequal 
portions  :  the  smaller  parts  of  tlie  two  roots  luiite  together  to  form  the  posterior,  and  the 
larger  parts  unite  to  form  tlie  anterior  primary  division  of  the  spinal  nerve. 

The  posterior  primary  division,  curving  outwards  and  dorsally,  passes  through  the 
myotome  and  is  connected  with  it.  In  the  substance  of  the  myotome  it  separates  into 
branches  as  it  proceeds  towards  the  dorsal  wall  of  the  embryo.  At  a  later  stage,  the 
branches  are  definitely  arranged  into  an  outer  and  an  inner  set. 

The  anterior  primary  division  grows  gradually  in  a  ventral  direction  to  reach  the 
somato-splancimoplcuric  angle,  under  cover  of  tlie  growing  myotome.  It  spreads  out  at 
its  distal  end  and  eventually  separates  into  two  portions  :  a  smaller,  splanchnic,  or  visceral  ; 
and  a  larger,  somatic,  or  parietal  portion.  (1)  The  smaller,  splanchnic,  or  visceral  portion 
grows  inwards,  dorsal  to  the  Wolffian  ridge,  to  bo  connected  with  the  sympathetic  cord 
and  the  innervation  of  organs  in  the  splanchnic  area.  This  branch  of  the  spinal  nerve 
becomes  the  white  ramus  communicans  of  the  sympathetic.  It  is  not  present  in  the  case 
of  all  the  spinal  nerves  (cervical,  lower  lumbar,  and  upper  sacral).  It  will  be  referred  to 
again  in  connection  with  the  sympathetic  system.  (2)  The  larger,  somatic,  or  parietal 
portion  becomes  the  main  part  of  the  anterior  primary  division  of  the  nerve.  It 
continues  the  original  ventral  course  of  the  nerve,  and,  reaching  the  body  wall,  sub- 
divides into  two  terminal  branches — a  lateral  branch,  which  grows  outwards  and  down- 
wards and  reaches  the  lateral  aspect  of  the  trunk,  after  piercing  the  myotome ;  and  a 
ventral  or  anterior  branch,  which  grows  onwards  in  the  body  wall  to  reach  the  ventral 
axis.    This  arrangement  is  met  with  in  the  trunk  between  the  liinbs  and  in  the  neck. 

III.  Formation  of  Limb-plexuses. — The  method  of  growth  of  the  spinal  nerves, 
just  described,  is  modified  in  the  regions  where  the  limbs  are  developed.  In  relation  to 
the  limbs,  which  exist  in  the  form  of  buds  of  cellular  undifferentiated  mesoblast  before 
the  spinal  nerves  have  any  connection  with  them,  the  development  of  the  nerve  proceeds 
exactly  in  the  way  described  up  to  the  point  of  formation  of  somatic  and  splanchnic 
branches.  The  somatic  branches  then  stream  out  into  the  limb  bud,  passing  into  it 
below  the  ends  of  the  myotomes  and  spreading  out  into  a  bundle  of  fibres  at  the  basal 
attachment  of  the  limb.  Later  on,  the  nerves  separate  each  into  a  pair  of  definite  trunks, 
which  are  named  dorsal  and  ventral,  and  which,  dividing  round  a  central  core  of  meso- 
blast, proceed  to  the  dorsal  and  ventral  surfaces  respectively  of  the  limb  bud.  While  this 
process  is  going  on,  a  semndanj  union  takes  place  between  (parts  of)  adjacent  dorsal  and 
ventral  trunks.  Dorsal  trunks  unite  with  dorsal  trunks,  ventral  trunks  unite  with  ventral 
trunks,  to  form  the  nerves  distributed  ultimately  to  the  surfaces  and  periphery  of  the 
limb.  These  dorsal  and  ventral  trunks  are  homologous  with  the  lateral  and  ventral 
branches  of  the  somatic  nerves  in  other  regions. 

Morphology  of  the  Limb-plexuses. 

The  arrangement  of  tlie  limb  nerves  is  rendered  complex  and  the  significance  of  the  plexuses 
is  obscured  by  the  changes  tlirougli  which,  coincidently,  the  nerves  on  the  one  hand  and  the 
parts  sujjplied  Ijy  them  on  the  other  hand  have  j^assed  in  the  course  of  develo])iiient. 

Nature  of  the  Limbs. — As  already  described,  the  nianimalian  limbs  arise  as  flattened  buds 
from  the  extremities  of  the  "Wolffian  ridge.  Each  bud  possesses  a  iireai^ial  and  a  ■posluxial  border, 
liud  ;i  do rml  Lind  ix  ventral  suz/cuv,  continuous  with  the  dorsal  and  ventral  aspects  of  the  trunk 
and  lioniologous  witli  its  lateral  and  ventral  surfaces.  Each  bud  consists  at  first  of  a  mass  of 
unditt'erentiated,  unsegiiiented  mesoblast,  covered  by  eintheliuni.  Around  the  central  core  of 
mesoblast  which  produces  the  skeletal  axis,  the  vessels  and  muscles  of  the  limb  are  formed 
in  situ,  the  muscles  as  doulile  dorsal  and  ventral  strata,  beneath  the  corresponding  surfaces  of 
the  bud. 

Each  limb  bud  is  connected  to  the  lateral  and  ventral  aspects  of  the  trunk,  and  is  associated 
with  a  number  of  body  segments,  varying  in  tlic  two  extremities  and  in  different  animals. 
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Although  the  inesol:>lastic  material  of  wliicli  the  limb  bud  is  composed  exhibits  in  itself  no 
segmental  divisions  at  any  period  of  its  development,  a  clear  indication  of  the  segmental  relations 
of  the  limbs  is  obtained  from  the  arrangement  of  the  limb  nerves.  Taking  tlie  nerves  which 
supply  the  limbs  as  a  guide,  the  segments  engaged  in  the  formation  of  the  upper  extremity  are 
the  last  five  cervical  and  first  two  thoracic.  The  lower  extremity  is  related  by  its  nerves  to  all 
the  luniliar  and  the  first  three  sacral  segments.  In  each  limb,  the  segments  at  the  preaxial  and 
postaxial  borders  are  only  jmrtially  concerned  in  liml)  formation. 

It  has  lieen  already  shown  that  the  somatic  branches  of  the  nerves  enter  the  substance  of  the 
eml:)ryonic  limb  and  divide  in  their  course  into  dorsal  and  ventral  trunks,  which  supply  the 
dorsal  and  ventral  surfaces  of  the  liml)  Inul.  The  higher  nerves  supply  the  preaxial  border,  the 
lower  nerves  supply  the  piostaxial  Ijorder,  while  the  nerves  most  centrally  situated  extend  furthest 
towards  the  jieriphery  of  the  limb. 

In  order  to  nnderstand  projierly  the  constitution  of  the  limli-plexuses,  it  is  necessary  further 
to  make  a  comparison  of  the  surfaces  and  Itorders  of  the  embryonic  and  adult  limlis. 

Upper  Limb. —  (A)  Borders. — The  preaxial  border  of  the  upper  extremity  extends  from  the 
middle  of  the  clavicle,  in  tlie  line  of  the  cej^halic  A^ein,  down  the  front  of  the  shoulder,  the  outer 
side  of  the  arm,  forearm  and  hand,  to  tlie  outer  border  of  the  thumb.  The  postaxial  border 
extends  from  the  middle  of  the  axilla  along  the  inner  side  of  the  arm  (in  the  line  of  the  basilic 
vein),  the  inner  side  of  the  forearm  and  hand,  to  the  inner  liorder  of  the  little  finger. 

(B)  Surfaces. — The  areas  of  the  limb  between  these  lines,  anteriorly  and  posteriorly,  correspond 
to  the  ventral  and  dorsal  surfaces  of  the  embryonic  limb  bud.  The  ventral  surface  is  represented 
liy  the  front  of  the  chest,  arm  and  forearm,  and  the  palm  of  the  hand.  The  dorsal  surface  is 
represented  by  the  scajralar  and  deltoid  regions,  the  back  of  the  arm,  forearm,  and  hand. 

Lower  Limb. — (A)  Borders. — The  preaxial  border  of  the  lower  limb  extends  from  the  middle 
of  Poupart's  ligament  down  the  inner  side  oi'  the  thigh,  and  leg  in  the  line  of  the  internal 
sajjhenous  vein,  to  the  inner  side  (_)f  the  great  toe.  The  postaxial  border,  beginning  at  the  coccyx, 
extends  along  the  fold  of  the  nates  and  the  outer  side  and  back  of  the  thigh  and  leg  (in  the  line 
of  the  external  saphenous  vein)  to  the  onter  border  of  the  foot  and  little  toe. 

(B)  Surfaces. — The  areas  lietween  these  lines  correspond  to  the  piimitive  dorsal  and  ventral 
surfaces  of  the  eml^ryonic  limb  bud.  Tlie  unequal  anionnt  of  rotation  in  the  Tparte  of  the  lower 
limb  oliscnres  the  relation  of  fcEtal  and  adult  surfaces,  which  are  most  easily  made  out  in  the 
infantile  position  of  the  liml)s,  witli  the  thighs  and  knees  flexed  and  the  soles  of  the  feet 
inverted.  The  ventral  surface  of  the  emliryonic  liml)  is  represented  liy  the  inner  side  and 
back  of  the  thigh,  the  back  of  the  leg,  and  the  sole  of  the  foot.  The  dorsal  surface  is  represented 
by  the  front  of  the  thigh  and  buttock,  tlie  front  of  the  leg,  and  the  dorsum  of  the  foot. 

Composition  of  the  Limb-plexuses. — In  all  mammals  the  same  definite  plan  underlies  the 
constitution  of  the  limb-plexuses.  The  nerves  concerned  are  the  anterior  primary  divisions  of 
certain  segmental  spinal  nerves,  which  (with  certain  exceptions  at  the  preaxial  and  j^ostaxial 
liorders)  are  destined  wholly  and  solely  for  the  innervation  of  tlie  limh.  Each  of  the  anterior 
primary  divisions  engaged  divides  into  a  pair  of  secondary  trunks,  named  dorsal  or  posterior, 
ventral  or  anterior.  The  dorsal  and  ventral  trunks  again  subdivide  into  tertiary  trunks,  which 
combine  with  the  corresponding  subdivisions  of  neighbouring  dorsal  and  ventral  trunks  to  form 
the  nerves  of  distribution.  The  coml>inations  of  dorsal  trunks  provide  a  series  of  nerves  for  the 
supply  of  that  part  of  the  limli  which  is  derived  from  the  dorsal  surface  of  the  embryonic  limb 
l)ud  ;  the  combinations  of  venlral  trmihs  give  rise  to  nerves  of  distribution  to  the  regions 
corresponding  to  its  ventral  surface.  The  relation  of  the  nerves  derived  from  the  limb-plexuses 
to  the  areas  of  the  limbs  is  given  in  the  accompanying  tables  : — 

I.  Upper  Limb. 


Origin. 


Nerves. 


Distribution. 


Brachial 
Plexus 


Dorsal  trunks 

(Posterior  cord) 


Posterior  scajDular 
Posterior  thoracic 
Suprascapular 
Subscapular  (3) 
Circumflex  . 
(Lesser  internal  cutaneous  ( 
(Intercosto-humeral  (?) ) 

Mnsculo-spiral 


Ventral  trunks 

{Outer  and 
inner  cords) 


/-Nerve  to  subclavius 
Anterior  thoracic  (2)  j  ' 

Musculo-cutaneous 

Lesser  internal  cutaneous 

Internal  cutaneous 

Median .... 
Ulnar  .... 


Scapular  region  and 
shoulder 


Arm,  inner  side 

Back  of  arm,  fore- 
arm, and  hand 


Front  of  chest 

Front  of  arm  and 

forearm 
Inner  side  of  arm 
Front  of  arm  and 

forearin 
Front  of  forearm  and 

hand 


Dorsal 
surface 


Ventral 
surface 
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II.  Lower  Limb. 


Origin. 


Nerves. 


Distribution. 


Dorsal 
trunks 


Lumbo-  ' 
sacral  < 
Plexus 


Ventral 
trunks 


'Ilio-liypogastric  (iliac  hraiicli) 
Superior  gluteal 
Inferior  gluteal 
Nerve  to  ])yrit'orniis 
Small  sciatic        .       .       .  j 

External  cutaneous      .       .  -j 

Genito-crural  (crural  liraiicli) 

Anterior  crural 

Peroneal  .... 


^  Ilio-hypogastric  (liypogastiic 
branch) 


Ilio-inguinal 

Genito-crural  (genital  lirancli) 
Ohturator  .... 

Nerve  to  obturator  internus 
and  sujjerior  gemellus 

Nerve  to  quadratus  feuioiis 
and  inferior  gemellus 

Nerve  to  hamstrings 

Small  sciatic 

I  Tibial  


Buttock 


and  front 
Front  of  thigh 

Pront  and  inner  side  of  thigh, 

leg,  and  foot 
Front  of  leg  and  foot 

Abdominal  wall  (ventral  sur-, 
face) 

Abdominal    Avail,    thigh,  and 

perineum 
Groin 

Thigli  (inner  side)  and  knee 
(back) 


Buttock  and  back  of  thiifh 


Back  of  thigli  and  perineum 
Back  of  knee,  leg,  and  sole  of 
foot 


surface 


Ventral 
surface 


In  the  regions  of  the  lindts  no  anterior  cutaneous  branches,  derived  from  the  limb  nerves, 
supply  the  trunk.  The  whole  of  the  nerve  is  carried  into  the  liml)  and  is  absorlied  in  its 
innervation,  and  the  dor.sal  and  ventral  trunks  foi-ming  the  limb-plexuses  are  to  be  looked  upon 
as  homologous  with  the  latei-al  and  anterior  trunks  of  an  intercostal  nerve.  Two  series  of 
anomalies  in  relation  to  the  formation  and  distribution  of  the  nerves  to  the  limbs  must,  however, 
be  considered,  because  it  has  been  suggested  (Goodsir)  that  the  nerves  of  tlie  limbs  are  serially 
homologous  with  not  the  Mdiole,  but  with  only  the  lateral  branches  of  the  anterior  primary 
divisions  of  the  intercostal  nerves. 

(1)  Nerves  in  connexion  with  the  primitive  borders  of  the  Limbs.  At  the  preaxial 
border  of  the  upper  limb,  at  its  root,  the  fourth  cervical  nerve,  which  supplies  the  anterior  and 
lateral  surfaces  of  the  neck,  is  also  distributed  through  the  supraclavicidar  nerves  to  the  skin  of 
both  ventral  and  dorsal  surfaces  of  the  lindi.  The  nerves  and  surfaces  ai'e  here  not  merely 
homologous,  but  in  actual  continuity. 

At  the  preaxial  border  of  the  lower  limb,  similarly,  the  tirst  kunbar  nerve,  by  means  of  the 
ilio-hypogastric  and  ilio-inguinal  branches,  supjjlies  on  the  one  hancTthe  buttock,  in  series  with 
the  lateral  Iwanches  of  the  lowei'  thoracic  nerves,  and,  on  the  other  hand,  the  lower  part  of  the 
abdominal  wall  and  the  adjacent  inner  side  of  the  thigh,  in  series  with  the  anterior  terminal 
branches  of  the  lower  thoracic  nerves. 

At  the  postaxial  border  of  the  upper  limb  the  first  and  second  thoracic  nerves  are  concerned 
in  supplying  trunk  segments  as  well  as  parts  of  the  limb.  The  first  thoracic  nerve,  besides 
sujiplying  the  lind)  through  the  inner  cord  of  the  plexus,  also  innervates  at  least  the  nm.scles  of 
the  first  intercostal  space  ;  the  second  thoracic  nerve  is  concerned  in  the  innervation  of  the  lind), 
]3rinci])ally  by  means  of  its  lateral  branch  only,  which,  as  the  intercosto-humeral  nerve,  sujiplies 
the  skin  along  the  postaxial  border  of  the  lind)  and  on  its  dorsal  side.  At  the  postaxial  border  of 
the  lower  limb,  in  the  same  way,  the  third  and  iburth  sacral  nerves,  partially  implicated  in  the 
innervation  of  the  limb  (through  the  tibial,  small  sciatic,  f)erforating  cutaneous  nerve,  and 
])erineal  liranch  of  the  fourth  sacral  nerve),  are  also  engaged  in  sujjplying  the  trunk  (perineum) 
through  the  pudic  nerve.  These  peculiarities  of  arrangement  of  the  nerves  at  the  borders  of  the 
limbs  may  be  exjjlained  on  the  supposition  that  the  segment  corresponding  to  the  nerve  named 
is  only  partially  concerned  in  limb  formation,  and  is,  at  the  same  time,  imjjlicated  to  a  greater 
or  less  extent  in  the  formation  of  structures  belonging  to  the  trunk. 

(2)  The  origin  and  distribution  of  the  nerves  at  the  postaxial  border  of  the  limbs  present 
a  special  difficulty.  In  the  composition  respectively  of  the  lirachial  and  lumbo-sacral  plexu.ses, 
the  first  thoracic  and  third  sacral  nerves  do  not  as  a  rule  divide  into  ventral  and  dorsal  trunks, 
but  contribute  only  to  the  formation  of  the  ventral  series  of  nerves.  A  solution  of  this  difficulty 
may  be  found  in  the  examination  of  the  areas  of  distribution  of  the  nerves  derived  fi-om  the 
first  thoi'acic  and  thii'd  sacral  nerves.    In  the  case  of  the  brachial  jdexus  (the  inner  cord  of  which 
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receives  normally  the  whole  contrilmtion  of  the  fii'st  thoracic  nerve)  the  lesser  internal  cutaneous, 
the  inner  branch  of  tlie  internal  cutaneous,  and  the  dorsal  brancli  of  the  ulnar  nerve  supply  the 
dorsal  asjiect  of  the  linil)  on  its  postaxial  border.  These  nerves  are  in  serial  homology  with  the 
intercosto-humeral  and  lateral  trunks  of  intercostal  nerves.  In  the  case  of  the  lumbo-sacral  plexus 
similarly,  in  which  the  third  saci'al  nerve  does  not  divide  into  ventral  and  dorsal  trunks,  the 
small  sciatic  and  tiliial  nerves  containing  the  contrilmtion  from  tlie  third  sacral  nerves  innervate, 
by  means  of  tlic  gluteal  and  external  femoral  brandies  of  the  former  and  the  tibial  communi- 
cating In'anch  of  the  latter,  the  dorsal  surface  of  the  hmh  along  the  postaxial  border,  in  series 
with  the  perforating  cutaneous  nerve  and  the  pei'ineal  l.)ranch  of  the  fourtli  sacral. 

These  ap])arent  anomalies  appear  to  indicate  that,  instead  of  dividing  into  its  proper  dorsal 
and  ventral  trunks,  the  entire  contribution  of  the  spinal  nerve  concerned  is  in  these  instances 
carried  undivided  along  the  postaxial  border  of  the  limli  in  association  with  the  ventral  trunks, 
and  that  the  dorsal  subdivisions  are  thrown  off  successively  as  the  plexus  cords  ajiproach  the 
2ierii3hery.  Indeed,  in  the  case  of  the  small  sciatic  nerve,  Eisler  has  shown  tliat,  when  the 
peroneal  and  tibial  nerves  are  separated  at  their  origin,  its  gluteal  and  external  femoral  branches 
arise  from  and  are  connected  with  the  former,  and  the  perineal  and  internal  femoral  branches 
with  the  latter  trunk. 

The  ])istribution  of  the  Spinal  Nerves  to  the  Muscles  and  Skin 

OF  THE  Limbs. 

By  dissection,  experiment,  and  clinical  observation,  it  is  conclusively  proved  that 
as  a  rule  each  nerve  of  distribution  io  the  limb,  whether  to  muscle  or  skin,  is  made  up  of 
fibres  derived  from  more  than  one  spinal  nerve  ;  and,  further,  that  in  cutaneous  distribution 
a  considerable  overlapping  occurs  in  the  course  of  the  several  jieripheral  nerves.  Moreover, 
tlie  arrangement  of  the  distribution  of  the  nerves  to  skin  and  to  muscles  is  not  identical. 
In  the  case  of  the  skin  of  the  limbs,  by  the  covering  of  the  limb  being  drawn  on  to  it  from 
adjacent  parts  in  the  process  of  growth,  cutaneous  nerves  are  engaged,  which  are  derived 
from  sources  not  represented  in  the  muscular  innervation  of  tlie  limbs.  Again,  among  the 
muscles,  some  have  undergone  fusion,  others  have  become  rudimentarj',  and  others  again 
have  altered  their  position  in  the  limb.  Bearing  these  qualifications  in  mind,  it  is 
possible  to  formulate  a  definite  plan  for  the  innervation  of  the  skin  and  muscles  of  the 
upper  and  lower  limb.  The  accompanying  tables  give  an  analysis  of  the  distribution  of 
tlie  spinal  nerves  to  tlie  skin  and  muscles  of  the  upper  and  lower  limb  respectivelv  : — 

I.  Upper  Limb. 

A.  Cutaneous  Nerves. 
-   1.  Dorsal  (Posterior)  Surface. 


Regions. 


Upper  part 
{preaxial) 
Scapular ' 

Lower  part 
{iJQstaxiaJ) 

f  Upper  part 

■i->  ij.  -J  (preaxial) 
Deltoid  ^  ' 
Lower  part 
V  {postaxial) 

Outer  side 

{inea'jial) 


Upper  arm 


Inner  side 
(postaxial) 


Nerves. 


Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 


Posterior  primary  division, 
cervical  ..... 

Cervical  plexus,  acromial 

Posterior  primary  divisions, 
thoracic  ..... 

Intercostal  nerves,  lateral  Ijranches 

Cervical  plexus,  acromial 
Circumflex  ..... 
Intercostal        nerves,  lateral 
branches  ..... 

Circumflex  ..... 
Musculo-spiral,  upper  external 
branch  ..... 
Musculo-spiral,  internal  Ijrauch  . 
Lesser  internal  cutaneous 
Intercosto-humeral 


C.  4.  5.  6. 
C.  3.  4. 

T.  1.-7. 
T.  2.  3.  4. 

C.  3.  4. 
C.  5.  6. 


C.  5.  6. 


T.  2.  3. 


C.  (5).  6. 

■  C.  8. 
T.  1. 
T.  2. 
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1.  Dorsal  (Posterior)  Surface — continued. 


Regions. 


'Outer  side 
(jpreaxial) 


Forearm 


Inner  side 
(postaxial) 

A  Outer  side 

Hand  I . 

Inner  side 

I  (poKtaxial) 


Nerves. 


Muscido-spiral,    ujiper  external 

brancli  .  .  .  .  . 
Musculo-spiral,    lower  external 

branch  .... 
Musculo  -  cutaneous,  jiosterior 

branch  .... 

Radial  

Internal      cutaneous,  interna 

branch     .       .       .       .  • 
Ulnar,  dorsal  brancii 

Radial'  .  .  .  . 
Ulnar  


Spinal  Origins. 

Preaxidl  Postaxial 


Nerves. 

C.  (5).  6. 

C.  6.  7.  8. 

C.  .').  6. 
C.  6.  7. 

C.  6.  7. 


Nerrcs 


C.  8.  T.  1. 
C.  8. 


C.  8. 


Chest 


Regions. 


U2)per  part 
(jjreaxial) 

Lower  part 
V  (postaxial) 
Outer  jjart 

[preaxia  I) 


Upper  arm 


Forearm 


I.  Upper  Limb. 

A.  Cutaneous  Nerves 
2.  Ventral  (Anterior)  Surface. 


Inner  part 

{postaxial) 
.  Outer  part 
I  {preaxial) 
j  Inner  part 
V  {postaxial) 
'Outer  part 
{preaxia}) 


Hand 


Nerves. 


Inner  part 
{postaxial) 


Cervical  jjlexus,  supivaclavicular 
branches  .... 

Intercostal       nerves,  (interior 
branches  .... 

Intercostal  nerves,  lateral  branchei 

Circumflex  .... 

Musculo-spiral,    u]i]»'i-  cxterua 
branch  .... 

Internal  cutaneous 

Lesser  internal  cutaneous 

Intercosto-hunieral 

Musculo  -  cutaneous,  jintcrior 
branch  .... 

Internal      cutaneous,  auteriur 
branch  .... 

Musculo-cutaneuus,  ))all  of  thuud 

Median,  jjalmar  branch 
„      fligital  branches 
„       thuudi,  outer  side  . 
,,  ,,      inner  side  \ 

,,  index,  outer  side  J 
„  „      inner  .side  \ 

„  middle,  outer  side  / 
,,  „      inner  side  \ 

„       I'iug,  outer  side  / 

Ulnar,  palmar  branch  . 
„     digital  branches 


Spinal  Origins. 

Preaxidl  Postaxial 
Nerves.  Nerves. 


C.  3.  4. 

] 
1 

C.  5.  6. 
C.  5.  6. 

C.  r,.  6. 


T.  2-7. 


C.  8.  T.  1. 
T.  1. 
T.  2. 


C.  8.  T.  1. 


C.  5.  6. 
C.  6.  7. 

C.  6.  7.  8.  T.  1. 
C.  6.  (7). 

C.  6.  7. 

I 

C  (6).  7.  8.  (T.  1). 

C.  8.  T.  1. 

T.  1. 
T.  1. 
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I.  Upper  Limb. 

B.  Muscular  Nerves. 


1.  Dorsal  (Posterior)  Surface. 


Regions. 

Muscles. 

Nerves 

Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 

Shoulder- 
Upper  arn 

Forearm 

^  Upper  part 

(preaxial 
muscles) 

Lower  part 
{^Kstaxial 
^  muscles) 

\ 

( 

Trapezius  .... 

Levator  anguli  scajjulaj 

Eliomboiclei  .... 
Serratus  magnus  . 
Supraspinatus  \  * 
Infrasjjinatus  /  ' 

Subscapularis 

Teres  major  .       ,  . 
Teres  minor  \ 

Deltoid        j       ■       ■  ■ 

Latissimiis  dorsi 

Triceps  .       .       .       .  . 

Outer  liead 

Middle  head 

Inner  head 
Anconeus  .... 
Brachio-radialis 
Extensor      carjn  radialis 
longior 

Extensor      carpi  radialis 

brevior  .... 
Supinator  radii  brevis  . 
Extensor  communis  digitorum 
,  „       minimi  digiti  . 

„       carpi  ulnaris  . 
Extensor  ossis  metacarpi  pol- 

licis  ..... 
Extensor  longus  pollicis 

,,        brevis  pollicis 

„        indicis  . 

Cervical  plexus  . 

r  Cervical  plexus  . 

I  Posterior  scapular 
Posterior  scapular 
Posterior  thoracic 

Suprascapular 

r  Short  subscapular 
I  Middle 

Middle  suliscapular 
Circumflex  . 
Long  subscapular 

|Musculo-spiral 
|Musculo-S2)ira] 

^Posterior  inter- 
osseous 

CI  ,3.  4. 
C.  3.  4. 

C.  6. 

C.  5. 

C.  5.  6.  7. 

-C.  5.  6. 

/ 

C.  6.  7.  8. 
C.  (6).  7.  8. 
1       C.  7.  8. 
C.  5.  6 

C.  (5).  6.  7.  (8). 
C.  (5)  6. 

.C.  (5).  6.  7.  8. 

I.  Upper  Limb. 

B.  Muscular  Nerves. 
2.  Ventral  (Anterior)  Surface. 

Regions. 

Muscles. 

Nerves. 

Spinal  Origins. 

Preax ia I  Postax ial 
Nerves.  Nerves. 

Pectoral 
Kegion 

'Upper  part 

(preaxial 
muscles) 

Lower  part 
(postaxial 
■muscles) 

Sternomastoid 

Omohyoid  ) 

Sternohyoid   _/     '       '  ' 

Subclavius  .... 

Pectoralis  major  .       .  . 
Clavicular  part        .       .  1 
Sternal  part     .       .       .  •  i 

Pectoralis  minor  .       .       .  j 

1 

1 

Cervical  plexus 
Ansa  liypoglossi  . 
Brachial  plexus 

Anterior  thoracic 
nerves 

C.  2. 

C.  1.  2.  3. 
C.  5.  6. 

C.  5.  6.  7.  8.  T.  1. 
C.  5.  6. 

C.  5.  6.  7.  8.  T.  1. 
C.  7.  8.  T.  1. 

40 
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2.  Ventral  (Anterior)  Surface— -continued. 


Regions. 


Upper 
arm 


Forearm 


^Oiiter  part 
iineaxial) 


I  Inner  part 

(j-iostaxiaT) 
|-0  liter  part 

{'preaQ:iaJ) 


Iiiiter  i)art 

{post  axial) 
Outer  jJart 
{yreaxial) 


Muscles. 


Nerves. 


Hand 


Inner  part 
(jMstaxial) 


Biceps  . 

Bracliialis  aiUiLU.s 
Coraco-ljracliialif:  . 

Axillary  arches 


Pronator  radii  teres 
Flexor  carpi  radialis  . 
Palmaris  longus  . 
Flexor  siiblimis  digitoruiii  . 

Flexor  profundus  digitoriun 

Flexor  carpi  nlnaris 
Flexor  longus  ])olIicis  . 
Pronator  quadratus 
Abductor  pollicis  . 
Opponens  pollicis 
Flexor  brevis  pollicis  . 
Two  outer  lunibricales . 
Two  inner  liinilivicales . 
Interossei  .... 
Adductores   jjollicis  (traiis- 

versus  et  obliquus) 
Abductor  niiniiui  digiti 
Opponens  niinind  digiti 
Flexor  breA'is  )niniini  digiti 


Musculo-cutaneous 
/  Musculo-cutaneous 
IMusculo-spiral 
Musculo-cutaneous 
•  ( Internal  anterior 

thoracic,  or  lesser 
-|    internal  cutane- 
ous,   or  inter- 
l  costo-hunieral 

I  Median 

/Anterior  inter- 
l    osseous :  Ulnar 
Ulnar  . 

\  Anterior  inter- 
/  osseous 

Median 


Spinal  Origins. 

Preaxiol  Postaxial 
Nerres.  Nerves. 


-Ulnar 


I  C.  5.  6. 

C.  (5).  6. 
C.  7. 


0.  8.  T.  1.  (2). 


C.  6. 
C.  6. 


C.  7.  8.  T.  1. 
C.  8.  T.  1. 

C.  8.  T.  1. 

|  c.  7.  8.  T.  1. 


^C.  6. 


IC.  8.  (T.  1). 


II.  Lower  Limb. 
A.  Cutaneous  Nerves. 
1.  Dorsal  Surface. 

{Front,  and  outer  side  of  tliiglt,  tuittock,  front  of  leij,  dorsum  of  foot.) 


Regions. 


Nerves. 


Thigh - 


Front  of  thigh  and 
front  part  of  but- 
tock '] 

{•pn'uxial  nerves) 


Buttock' 


Outer  side  of  thigh  / 
and  buttock,  back  I 
and  lower  part  I 

{postaxial  nerves)  '-. 

/'  Inner  side 


Genito-crural,  crural  branch 
Anterior  crural,  internal  branch 
Anterior  crural,  middle  branch 
External  cutaneous 
Twelftli  thoracic,  iliac  branch 
Ilio-hyi)ogastric,  iliac  branch 


Leg 


Dorsum 
foot 


of  I 


{preaxial) 
Outer  side 

{postaxial) 
Inner  side 

{preaxiaV} 
Outer  side 

{postaxial) 


Posterioi 
luniljar 

Posterior 
sacral 

Posterior 


])nnia)'v 
jiiinuiry 


division.^ 


divisions 


di\isions 


pnniarv 
coccygeal  ..... 
Small  sciatic  :  gluteal,  and  femoral 
branches  ..... 
Internal  saphenous 
Patellar  1)  ranch 
Musculo-cutaneous 
Peroneal,  sural  l)ranches 
Internal  saphenous 
Anterior  tibial  .... 
Musculo-cutaneous 
External  saiihenous 


Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 

L.  1.  2. 

L.  i.  15. 

T.  12. 
L.  1. 


L.  1.  2.  3. 


S.  1-5. 

Co. 
S.  1.  2.  3. 


!  L.  3.  4. 

L.  4.  5.  S.  1. 
L.  (4).  5.  S.  1. 
L.  3.  4. 
L.  4.  5.  (S.  1). 
L.  4.  5.  S.  1. 

S.  1.  (2). 
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II.  Lower  Limb. 

A.  Cutaneous  Nerves. 
2.  Ventral  Surface. 

(I7i7ier  side  and  hack  of  thigli,  hack  of  leg,  arid  sole  of  foot.) 


Regions. 

IiiuGr  side  of 

Inner  side 

tliigh 

and  back  of 

{preaxial) 

isack  01  tliigli 

{fostaxial) 

Back  of  leg 

1 

1 

'  Tuner  side 

(■preaxial) 

,  Sole  of  foot  < 

Outer  side 

[fostaxial) 

Nerves. 


\  Iliu-iiiguiual 

j  Obtui'ator  .... 

[■  Small  sciatic,  femoral  branches 

Peroneal,  sural  branches  . 
Peroneal,  comniunicans  libularis 
Small  sciatic 
External  saphenous 
Internal  saphenous 
Posterior  tibial,  calcaneau  . 
Internal  plantar  . 
Great  toe,  inner  side . 

,,       ,,   outer  side . 
Second  toe,  inner  side 
„       „    outer  side 
Third  toe,  inner  side 
„       „    outer  side 
Fourth  toe,  inner  side 
External  plantar  . 
Fourth  toe,  outer  side 
Fifth  toe,  inner  side  . 
„      „    outer  side  . 
External  saphenous 


Spinal  Origins. 

Preaxial  Postaxkd 
Nerves.  Nerves. 


II.  Lower  Limb. 

B.  Muscular  Nerves. 
1.  Dorsal  Surface. 


{Front  and  outer  side  of  thigli,  buttock,  front  and  outer  side  of  leg,  dorsum  of  foot.) 


Regions. 

Muscles. 

Nerves. 

Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 

Front  of  thigh 

{preaxial) 

Buttock  and  outer  side  of  thigh- 

1  (post,axial) 

Pectiueus 
Sartorius  . 
Iliacus 
Psoas 

Quadriceps  extensor 
Vastus  internus  . 
Rectus  femoris 
Crureus 

Vastus  externus  . 

Tensor  fasciae  femoris 

Gluteus  minimiTS 
,,  medius 
,,  maximus 

Bicejjs,  short  head  . 

Pyriformis 

• 

■  Anterior  crural 

J 

1  Superior  gluteal 

Inferior  gluteal . 
Peroneal  . 
Sacral  plexus 

}l.  2.  3. 
|l.  2.  3.  4. 

|l.  3.  4. 

1    L.  4.  5.  S.  1. 

1       L.  .5.  S.  1.  2. 

S.  1.  2. 
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THE  NERVOUS  SYSTEM. 
1.  Dorsal  Surface — continued. 


Regions. 


f  Inner  side  /■ 
(preaxial) 


Front  of  leg 


Outer  f>ide 

(post  axial) 


Dorsum  of  foot 


Muscles. 


Tibialis  anticus 
Extensor  proprius 

hallucis 
Extensor  longus 

digitorum 
Peroneus  tertius 
Peroneus  longus 
Peroneus  Lrevis 
Exten.sor  lnvvis  digi- 

tornni  . 


Nerves. 


Anterior  tibial 


]  Mnscido-cutaneous 


Anterior  tibial 


Spinal  Origins. 

Preaxial  Nerceis. 


-L.  4.  5.  S.  1. 


II.  Lower  Limb. 

B.  Muscular  Nerves. 
2.  Ventral  Surface. 

(pinner  side  and  hade  of  thigh,  hach  of  ler/,  and  sole  of  foot.) 


Regions. 


Thigh  and 
buttock 


Tliigli,  inner 
side    _  ' 
{preaxial) 


Thigb,  outer  j 
side  J 
{postaxiaJ)  ^ 


ButtoukJ 


Back  of  leg 


Sole  of  foot 


Inner  side 
(prea.ciul)  '] 


Outer  side 
{postaxial) 


Muscles. 


Nerves. 


Adductor  longus 

Gracilis  . 

Adductoi'  brevis 

0):)turator  externus  . 

Adductor  niagnus  . 

Adductor  magnus 

Semimembranosus  . 

Semitendinosus 

Biceps,  long  head 

Quadratus  femoris 
and  superior  gem- 
ellus . 

Inferior .  gemellus 
and  obturator  in- 
ternus  . 

Plautaris  . 

PopliteuB . 

Flexor  longus  digi- 
torum . 

Tibialis  posticus 

Flexor  longus  hal- 
lucis 

Soleus 

Soleus 

Gastrocnemius  (each  ; '  Tibial 
head)  . 

Abductor  hallucis  . 

Flexor  brevis  digi- 
torum . 

Flexor  bre\-is  hal- 
lucis 

First  lumbricalis 

Second,  third,  and 
fourth  lunibricales 

Flexor  accessorius  . 

Adductores  hallucis . 

Interossei 

Flexor  brevis  minimi 

digiti  . 
Abductor  luiuimi 

digiti  . 


Obturator 


Ner\-o  to  ham- 
strings . 


Sacral  jdexus 


I  Tibial 


Posterior  tibial  . 


Internal  ])lantar 


External  plantar 


Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 


L.  2.  3. 
L.  2.  3.  4. 
L.  3.  4. 

L.  4.     S.  1. 
L.  .5.  S.  1.  2. 
S.  1.  2.  3. 

L.  4.  5.  S.  1. 


S.  1.  2.  3. 
L.  4.  5.  S.  1. 
L.  .5.  S.  1. 

L  t).  S.  1.  2. 

S.  1.  2. 

L.  4.  5.  S.  1. 


S.  1.  2. 
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A.  Innervation  of  the  Muscles  of  the  Limbs. — The  following  laws  appear  to  be  applicable 
to  the  upper  and  lower  limbs  alike  : — 

1.  No  limb-muscle  receives  its  nerve-supply  from  posterior  primary  divisions. 

2.  The  dorsal  and  ventral  strata  of  muscles  are  always  supplied  by  the  corresponding  dorsal  and 
ventral  branches  of  the  nerves  concerned.  The  ventral  muscular  stratum  is  more  extensive  than  the 
dorsal ;  the  ventral  nerves  are  the  more  numerous,  and  the  additional  nerves  are  postaxially  placed. 
The  spinal  nerves  supplying  muscles  of  the  upper  limb  are  C.  5,  6,  7,  8  (dorsal),  and  C.  5,  6,  7,  8, 
T.  1  (ventral) ;  the  nerves  for  the  muscles  of  the  lower  limb  are  L.  2,  3,  4,  5,  S.  1,  2  (dorsal),  and 
L.  2,  3,  4,  5,  S.  1,  2,  3  (ventral). 

3.  The  dorsal  and  ventral  trunks  of  the  nerves  are  distributed  in  the  limb  in  a  continuous, 
segmental  manner ;  so  that,  "  of  two  muscles,  that  nearer  the  head  end  of  the  body  tends  to  be 
supplied  by  the  higher  nerve,  and  that  nearer  tlie  tail  end  by  the  lower  nerve  "  (Herringham). 

4.  The  nerves  placed  most  centrally  in  the  plexus  extend  furthest  into  the  limb,  and  the  more 
preaxial  nerves  terminate  sooner  in  the  limb  than  the  more  postaxial  nerves. 


Upper  Limb. 

Dorsal  Surface.  Ventral  Surface. 

Muscles  of  shoulder    .    C.  3,  4,  5,  6,  7,  8.  Muscles  of  chest     .  C.  5,  6,  7,  8,  T.  1. 

C.  6,  7,  8.  „        arm       .  C.  5,  6,  7. 

C.  6,  7.  „        forearm  .  C.  6,  7,  8,  T.  1. 

hand     .  C.  6,  7,  8  (T.  1). 

Lower  Limb. 

Muscles  of  thigh     .  L.  2,  3,  4,  5,  S.  1, 

L.  2,  3,  4,  5,  S.  1,  2.  „        leg        .  L.  4,  5,  S.  1,  2. 

L.  4,  5,  S.  1.  „        foot       .  L.  .5,  S.  1,  2. 


arm  . 

forearm 


Muscles  of  thigh  and 

buttock  . 
Muscles  of  leg  and  foot 


I,  3. 


The  only  exception  to  this  rule  is  on  the  ventral  (anterior)  surface  of  the  upper  arm,  where  a 
suppression  of  the  muscle  elements  leads  to  an  absence  of  the  regular  series  of  segmental  nerves 
<c  —  .  -  -    -      -  .... 


,  T.  1)  on  its  postaxial  border.    These  nerves  reappear  in  the  forearm,  and  the  occasional 

VENTRAL  SURFACE 
ArTTh        Forearm  JTand 


C.3 
4 
5 
6 

7 


DORSAL  SURFACE 
Shoulder        Arm  Forearm 

\ 

Hand. 

i  i 

■  \ 

1          :  : 

Chest 


C.5 
6 

7 

8 

T.I 


J. 


DORSAL  SURFACE 
ThigrTt  &•  Buttock  £eff 


VENTRAL  SURFACE 

ThigTi  Zee/ 


L.2 
3 
4 
5 

S.I 
2 


L.2 

3 
4 

5 
S.I 
2 
3 


Fi(i.  451. — Scheme  of  the  segmental  distribution  of  the  muscular  nerves  of  the  upper  and  lower  limbs. 

axillary  arches "  may  be  regarded  as  the  muscular  elements  usually  suppressed,  and,  Avhen 
present,  supijlied  by  these  nerves. 

Muscles  with  a  Double  Nerve-supply. — The  existence  of  more  than  one  nerve  to  a  muscle 
indicates  usually  that  the  muscle  is  composite  and  is  the  representative  of  originally  separate 
elements,  belonging  to  one  or  both  surfaces  of  the  limb.  In  the  case  of  the  pectoralis  major, 
subscapularis  and  flexor  profundus  digitorum,  adductor  magnus,  and  soleus,  jiai'ts  of  the  same 
(ventral  or  dorsal)  stratum  have  fused,  to  form  muscles  innervated  from  their  corresponding 
ventral  or  dorsal  nerves.  The  other  muscles  having  a  double  nerve-supply — brachialis  anticus, 
biceps  flexor  cruris,  and  (sometimes)  pectineus — are  examples  of  fusion  at  the  preaxial  or  postaxial 
border  of  muscular  elements  derived  from  the  dorsal  and  ventral  suj'faces  of  the  limb,  which  are 
•correspondingly  innervated  by  branches  from  both  dorsal  and  ventral  series  :  e.g.  the  brachialis 
anticus  is  innervated  by  the  musculo-cutaneous  and  musculo-spiral  nerves  ;  the  biceps  flexor 
cruris,  by  the  peroneal  (short  head)  and  tibial  (long  head)  nerves ;  and  the  jjectineus,  by  the 
anterior  crural  and  (sometimes)  obturator  nerves. 

B.  Innervation  of  the  Skin  of  the  Limbs. — ^Wliile  the  scheme  of  cutaneous  innervation  of 
the  limbs  is  fundamentally  segmental,  yet  the  arrangement  is  confused  and  complicated  by 
various  causes.  The  growth  of  the  limb  from  the  trunk  has  caused  the  skin  to  be  drawn  out 
•over  it  like  a  stretched  sheet  of  india-rubber  (Herringham),  and  at  the  same  time  the  extent  of 
the  dorsal  area  of  the  limb  is  increased  at  the  expense  of  the  ventral  area.  The  central  nerves  of 
the  plexus  remain  buried  deeply  in  the  substance  of  the  limb,  only  coming  to  the  surface  towards 
the  periphery.  Tlie  proximal  parts  of  both  surfaces  of  the  limb  thus  become  innervated  by 
40  a 
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cutaneous  nerves  otherwise  not  necessarily  concerned  in  the  innervation  of  the  limbs.  Herring- 
ham  has  shown  tliat — (A)  Of  tico  spots  on  the  skin,  that  nearer  the  'preaxial  border  tends  to  be 
supplied  by  the  hi(jher  nerve.  (B)  Of  two  spots  in  the  preaxial  area,  the  lower  tends  to  be  supplied  by 
the  loiver  nerve ;  and,  of  two  spots  in  the  postaxial  area,  the  loicer  tends  to  be  supplied  by  the  higher 
nerve.  In  other  words,  from  the  root  of  the  lindj  down  the  preaxial  border  to  its  distal  extremity, 
and  up  the  postaxial  border  to  the  root  of  the  limb  again,  there  is  a  definite  numerical  sequence 
of  spinal  nerves  supplying  skin  areas  through  nerves  of  the  limb-plexuses.  A  similar  numerical 
sequence  in  the  arrangement  of  the  nerves  is  also  found  extending  over  the  dorsal  and  ventral 
surfaces  of  the  limbs  from  preaxial  to  postaxial  l)order,  excejit  in  certain  situations. 

On  the  dorsal  and  ventral  surfaces  of  both  upper  and  lower  limbs  there  is  a  hiatus,  for  a 
certain  distance,  in  the  numerical  sequence  of  the  spiiuil  nerves  in  their  cutaneous  distribution, 
explicable  on  the  ground  that  the  central  nerves  of  the  jjlexus,  which  fail  to  reach  the  surface  in 
these  situations,  are  replaced  by  cutaneous  branches  from  neighbouring  nerves.  This  hiatus  has 
been  named  the  axial  area  or  line. 

In  the  upper  limb,  the  dorsal  axial  area  or  line  extends  from  the  middle  line  of  the  back,  ojjposite 
the  vertebra  jirominens,  to  the  insertion  of  the  deltoid. 

Tlie  rentral  axial  area  or  line  extends  anteriorly  from  the  middle  line  of  the  trunk,  at  the 
manul)ri()-sternal  joint,  across  the  chest,  down  the  front  of  the  arm  and  forearm  to  the  wrist. 

In  the  lower  limb,  the  dorsal  axial  area  or  line  may  be  traced  from  the  luiddle  line  of  the 
back  over  the  posterior  superior  iliac  spine,  across  the  buttock  and  thigh,  to  the  head  of  the 
fibula. 

A  ventral  axial  area  or  line  can  also  be  traced  from  the  root  of  the  penis  along  the  inner  side 
of  the  thigh  and  knee,  and  down  the  back  of  the  leg  to  the  heel. 

These  areas  or  lines  represent  the  meeting-place  and  overlapping  of  nerves,  which  are  not  in 
numerical  sequence  ;  and  it  is  only  at  the  peripheral  parts  of  the  limbs,  on  the  dorsal  and  ventral 
surfaces,  that  the  nerves  appear  in  numerical  sequence  from  the  preaxial  to  the  jjostaxial  border. 
In  the  case  of  the  upper  limb  the  hiatus  is  caused,  in  both  surfaces  of  the  limb,  by  the  absence  of 
cutaneous  branches  of  the  seventh  cervical  nerve  ;  in  the  case  of  the  lower  limb  the  hiatus  is  due 
to  the  al)sence  of  liranches  from  the  fifth  hmibar  nerve  on  both  surfaces  of  the  limb,  and  the 
absence  of  branches  from  the  fourth  lumbar  nerve,  in  addition,  on  the  dorsal  surface. 

Understanding  the  significance  of  these  dorsal  and  ventral  axial  areas  or  lines,  and  at  the 
same  time  bearing  in  mind  the  overlapping  which  occurs  in  the  cutaneous  distribution  of  each 
sjnnal  nerve,  the  areas  of  skin  supplied  through  the  limb-jilexuses  can  be  mapped  out  with  con- 
siderable precision,  as  indicated  in  the  following  tables  : — 

A.  Upper  Limb. 

Cutaneous  Distribution. 


Nerves. 


Preaxial  border 

from  neck  to 
hand 


'  Dorsum  ' 


Hand  J 


(palm 


Digits 


Postaxial  border 

from  liaud  to 
chest 


Su^iraclavicular  nerves 

Circumflex  . 
Musculo-sjjiral  (upper 

external) 
Musculo-sjiiral  (lower 

external) 
Musculo-cutaneous 

Radial 

Ulnar  .... 

Musculo-cutaneous 

Median 

Ulnai-  .... 


Median 
Ulnar 


Internal  cutaneous 

Musculo-spiral  (inter- 
nal) 

Le.s.ser  internal  cutane- 
ous 

Intercosto-hunieral 
Intercosto-humeral 
Third  intercostal 
Fourth  ,, 


Spinal  Origin. 
C.  3.  4. 


Distribution. 


5.  6. 

(5).  6. 

6.  7. 

5.  6. 

6.  7. 

8. 

5.  6. 

6.  7. 
1. 


6.  7. 
8.  T. 


8.  T.  1. 
1. 


C.  8.  T.  1. 

C.  8. 

T.  1. 

T.  -2. 

T.  2. 

T.  3. 

T.  4. 


Chest,  shoulder,   deltoid,  and 

scapular  regions. 
Deltoid  region,  outer  side  of  arm. 
Outer  side  and  back  of  arm  and 

forearm. 
Outer  side  and  back  of  elbow 

and  forearm. 
Outer  side  of  forearm,  in  front 

and  behind. 

Outer  side  \     dorsum  of  hand. 
Inner  side  J 
Ball  of  thumb. 

Outer  side  1  i-  i  <■  i  ^ 
T  •  1  !■  oi  palm  of  hand. 
Inner  side  J  '■ 

Thumb,       C.  6.  7. 

First  finger,  C.  6.  7.  8. 

Second  „     C.  7.  8.  T.  1. 

Third    „     C.  8.  T.  1. 

Folll'th     „     )  rp  I 

Fifth     „  j^-  ^■ 
Inner  side  of  forearm,  in  front 
and  behind. 


Inner  side  of  arm. 


Axillarv  folds. 
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B.  Lower  Limb. 
Cutaneous  Distribution. 


Nerves. 


Spinal  Origin. 


Distribution. 


Preaxial  border 

from  trunk  to 
foot 


,  I)or.snni 


Foot 


1. 


Digit* 


Postaxial  border 

from  foot  to 
i-occyx 

f 


Iliac  branch  of  twelfth 

T. 

li 

thoracic 

Iliac   branch  of  ilio- 

L. 

1. 

1 

hypogastric 

L. 

Ilio-inguinal 

1. 

(jrenito-crural  . 

L. 

1. 

2. 

External  cutaneous 

L. 

2. 

3. 

Anterior  crural  (uiiddle 

L. 

2. 

3. 

and  internal) 

Obturator  . 

L. 

2. 

3.  (4). 

Anterior  crural  (inter- 

L. 

3. 

4. 

1 

nal  saphenous) 

Internal  saphenous 

L. 

3. 

4. 

Anterior  tilnal 

L. 

4. 

.5.  S.  (1).  ' 

Musculo-cutaneous 

L. 

4. 

5.  S. 

1.  1 

External  sajjlienous 

S. 

1. 

(2). 

Internal  plantar 

L. 

4. 

5.  S. 

1.  . 

External  plantar 

o 

1. 

2. 

Posterior    tibial  (cal- 

s. 

1. 

2. 

canean) 

Internal  and  external 

L. 

4. 

5.  S. 

1.  1 

plantar 

S. 

1. 

2. 

External  saphenous 

s. 

1. 

(2). 

Small  sciatic 

s. 

1. 

2.  3. 

Perforating  c\itaneous . 

2. 

3. 

Sacro-coccvgeal 


S.  4.  5.  Co.  1. 


Outer  side  of  buttock. 

Outer  side  of  buttock. 

(xroin  and  over  Scarpa's  triangle. 
Front  of  thigh,  upper  third. 
Front  and  on.ter  side  of  thigh. 
Front  and  inner  side  of  thigh, 

lower  two -thirds. 
Inner   side   of  thigh,  middle 

third. 

Knee  and  leg,  inner  side  and 

front. 
Inner  side  of  foot. 
Interval    between    first  and 

second  toes. 
Dorsum  of  foot  and  toes. 
Outer  side  of  foot. 
Inner  part  ^ 
(J)uter  part  -  of  sole. 

Heel  and  liack  ])art  j 

Great  toe,    L.  4.  5.  S.  1. 
Second  toe,  L.  4.  5.  S.  1. 
Third     „   L.  5.  S.  1. 
Fourth   „   L.  5.  S.  1.  2. 
Fifth      „  S.  1.  2. 
Outer  side  of  foot  and  leg,  lower 
third. 

Back  of  leg,  thigh,  and  buttock. 
Buttock  (fold  of  nates,  inner 

half). 
Anal  fold. 


Variations  in  the  Position  of  the  Limb-plexuses. 

Two  different  kinds  of  variations  occur  in  relation  to  the  limb-nerves. 

(1)  Individual  variations,  in  both  the  extent  of  origin  and  in  the  area  of  distribution  of  a 
given  nerve,  are  not  uncommon  ;  these  variations  are  usually  concomitant  with  compensatory 
variations  in  adjacent  nerves,  and  are  due  to  the  fibres  of  a  given  spinal  nerve  taking  an 
abnormal  course  in  the  trunk  of  another  nerve  of  distribution  and  effecting  a  communication 
with  the  proper  nerve  peripherally.  In  this  way  the  variations  in  the  origin  and  distribution 
of  the  intercosto-hnmeral  nerve  may  be  explained  ;  and,  similarly,  the  ulnar  nerve  may  have 
some  of  its  fibres  carried  as  far  as  the  forearm  incorporated  with  the  median  and  transferred  to 
it  by  a  communication  between  the  two  nerves  in  that  region. 

(2)  Variations  in  the  limb-plexus,  in  relation  to  the  vertebral  column,  are  the  chief  cause  of 
variations  in  the  constitution  of  the  limb-nerves.  These  variations  affect  more  or  less  the  whole 
series  of  nerves  in  the  plexus. 

The  brachial  plexus  is  subject  only  to  very  slight  variation  in  joosition  and  arrangement. 
It  may  be  reinforced  at  the  upper  end  Iiy  a  slender  trunk  from  the  fourth  cervical  nerve,  and, 
more  frequently,  by  an  intra -thoracic  communication  between  the  second  and  first  thoracic 
nerves.  The  presence  of  one  or  other  of  these  nerves  is  an  indication  of  a  slight  tendency 
towards  a  cephalic  or  caudal  shifting  of  the  whole  plexus  in  relation  to  the  spinal  cord.  It  is, 
however,  never  sufficient  to  cause  the  exclusion  to  any  extent  of  the  nerves  normally  implicated. 
The  presence  of  a  cervical  rib  may  coincide  with  little  or  no  change  in  the  relation  of  the  nerves. 
Indeed,  the  inclusion  of  the  second  thoracic  nerve  in  the  plexus  may  be,  as  already  stated, 
merely  an  individual  variation,  a  change  in  the  -path  to  the  limb  of  the  intercosto-hnmeral 
nerve.  Concomitant  variations  occur  among  groups  of  nerves,  however,  which  indicate  a  certain 
tendency  to  variation  in  the  position  of  the  Avhole  plexus.  At  one  end,  the  suprascapular  and 
musculo-cutaneous  nerves  may  arise  from  the  fourth  and  fifth,  fifth  alone,  or  fifth  and  sixth 
cervical  nerves.  At  the  other  end  of  the  plexus,  the  musculo-spiral  may  or  may  not  receive 
a  root  from  the  first  thoracic  nerve,  and  this  addition  is  rather  more  likely  to  occur  when  the 
second  thoracic  nerA'e  is  implicated  in  the  j^lexus. 
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The  lumbo-sacral  plexus  shows  a  very  considerable  variability  in  position  and  constitution. 
Eisler  records  concomitant  variations  in  the  plexus  in  18  per  cent  of  the  cases  examined  by 
him.  The  variations  occur  within  wide  limits.  The  plexus  may  begin  at  the  eleventh  or 
twelfth  thoracic  or  first  lumbar  nerve.  The  last  nerve  in  the  great  sciatic  cord  may  be  the 
second,  third,  or  fourth  sacral  nerve.  The  position  of  the  n.  furcalis  is  a  guide  to  the  arrange- 
ment of  the  plexus.  It  may  be  formed  by  the  third,  third  and  fourth,  fourth,  fourth  and  fifth,  or 
fifth  lumbar  nerves.    The  resulting  variations  are  illustrated  by  the  following  extreme  cases  : — 

(1)  Prefixed  Variety.  (2)  Posffixed  Variety. 

Nervus  furcalis   .       .       .       L.  3  and  4  (double)  L.  5. 


Obturator 
Anterior  crural 
Tibial 
Peroneal 


L.  1,  2,  3.  L.  2,  3,  4,  5. 

T.  12,  L.  1,  2,  3,  4.  L.  2,  3,  4,  5. 

L.  3,  4,  5,  S.  1,  2.  L.  5,  S.  1,  2,  3,  4. 

L.  3,  4,  5,  S.  1.  L.  5,  S.  1,  2,  3. 


Those  variations  in  the  constitution  of  the  lumbo-sacral  plexus  are  most  nvimerous  which 
are  due  to  the  inclusion  of  nerves  more  caudally  placed.  Thus,  out  of  twenty-two  variations 
in  the  jjosition  of  the  n.  furcalis,  in  nineteen  Eisler  found  it  formed  by  the  fifth  lumbar  nerve  ; 
in  two  cases  only,  by  the  third  lumbar  nerve.  There  is  further  evidence  that  variations  in  the 
position  of  the  plexus  are  accompanied  by  variations  in  the  vertebral  column  itself.  Out  of  the 
twenty-two  abnormal  j^lexuses  examined  by  Eisler,  sixteen  were  coincident  with  abnormal 
arrangement  of  the  associated  vertebrae. 


"  Significance  of  the  Limb-plexuses. 

From  the  above  considerations,  it  is  obvious  that  something  more  than  convenience  of  transit 
for  the  spinal  nerves  to  skin  and  muscles  is  secured  by  the  formation  of  the  limb-plexuses.  It 
has  been  shown  that  by  their  combinations  in  the  plexuses,  every  spot  or  area  of  skin  in  the 
limbs  is  innervated  by  more  than  one  spinal  nerve  ;  and  generally,  also,  each  limb-muscle  is 
supplied  by  more  than  one  spinal  nerve.  Each  cutaneous  area  and  each  limb-muscle  is  thus 
brought  into  relationship  with  a  wider  area  of  the  spinal  cord  than  would  occur  if  the 
plexuses  were  non-existent.  A  simultaneous  record  of  sensation  is  thus  transmitted  from  any 
given  point  on  the  surface  of  the  limb  through  more  than  one  dorsal  root ;  and  a  more  ready 
co-ordination  of  muscular  movement  is  brought  about  by  the  transmission  of  motor  impulses 
from  the  ventral  root  of  a  given  spinal  nerve  to  more  than  one  muscle  at  the  same  time.  In  a 
word,  a  plexus  exists  to  supply  the  whole  limb  and  the  limb  as  a  whole,  as  an  organ  which  has 
its  different  active  parts  connected  with  the  central  nervous  system  by  means  of  the  limb-iilexus. 


THE  CRANIAL  NERVES. 

There  are  twelve  pairs  of  cranial  nerves.  They  present  striking  differences  from 
one  another — in  origin,  in  distribution,  and  in  functions,  as  will  be  seen  in  the 
following  table  : — 


Number. 

Name. 

Function. 

Superficial  Attach- 
ment to  Brain. 

I. 

Olfactory  . 

Smell  

Olfactory  bulb. 

II. 

Optic 

Sight      .  . 

Optic  thalamus. 

III. 

Oculo-motor 

Motor  to  the  muscles  of  eyeball  and 

Crus  cerebri. 

orbit 

IV. 

Trochlear  . 

Motor  to  superior  oblique  muscle  of 

Superior  medullary 

eyeball 

velum. 

V. 

Trigeminal 

Sensory  to  face,  tongue,  and  teeth ; 

Pons  Varolii. 

motor  to  muscles  of  mastication 

VI. 

Abducent . 

Motor  to  external  rectus  muscle  of 

Junction  of  pons  and 

eyeball 

medulla. 

VII. 

Facial 

Motor  to  muscles  of  scalp  and  face. 

Posterior  border  of 

sensory  to  tongue 

pons  Varolii. 

VIII. 

Auditory  . 

Hearing  and  equilibrium  . 

Posterior  border  of 

pons  Varolii. 

IX. 

Glosso- 

Sensory to  tongue  and  jjharyux 

Medulla  oblongata. 

pharyngeal 

X. 

Pneumo- 

Sensory  to  pharynx,  oesophagus  and 

Medulla  oblongata. 

gastric 

stomach,  and  respiratory  organs 

THE  FIEST  OR  OLFACTORY  NERVE. 

The  Cranial  Nerves — conMnued. 
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Number. 

Name. 

Function. 

Superficial  Attach- 
ment to  Brain. 

XI. 
XII. 

Spinal  acces- 
sory 

Hypoglossal 

(a)  Accessory  to  vagus.    Motor  to 
muscles  of  palate,  pharynx,  oeso- 
phagus,  stomach  and  intestines, 
and  respiratory  organs  ^  inhibitory 
for  lieart. 

(6)  Spinal  part :  motor  to  trapezius 

and  sterno-mastoid  muscles 
Motor  to  muscles  of  the  tongue 

Medulla  oblongata. 

Spinal  cord. 
Medulla  oblongata. 

The  deep  cerebral  counexions  of  the  cranial  nerves  are  dealt  with  in  the 
section  which  treats  of  the  Brain  (pp.  '1:76  and  499).    Certain  general  points  in 


f)Ifactory  bulb  


Olfactory  tract  


Olfactory  tubercle 
Optic  ner\  e 
Optic  cliiasir.„ 

Oculo-niotor  nerve 

Trigeminal  ner\  efill 
Abducent  ne,.e|lir| 

Facial  neryi' 
Pars  intermedia 
Auditory  nerve 


Olfactory  bulb 


Olfactory  tract 

^-Broca  s  area 

Ollactory  tubercle 
^  Mesial  root  of  olfactory 
ive 

„\^, ,     Lateral  root 
Optic  cliiasma 
Ant.  perforated  spot 
^  remporal  lobe  (cut) 
jrY'  l'f  c  tract 
—     Jculo-motor  nerve 

Trochlear  nerve 
I'lenia  semicircularis 
Trigeminal  nerve 
jlS\t.  geniculate  body 
~ Abducent  nerve 

Int.  geniculate  body 
^Pulvinar 
/^Facial  nerve 
I'ars  intermedia 
Auditory  nerve 
/Lateral  ventricle 
-Mid.  cerebellar  peduncle 

Glosso-pliaryngeal  nerve 
Vagus  nerve 
Spinal  accessory  nerve 
(accessory) 

Spinal  accessory  nerve 
(spinal) 

Occipital  lobe  (cut) 


Glosso-pharvngeal  neiM 

Vagus  nerv 
Spinal  accessory  nerve  (accessory; 

Spinal  accessory  nerve  (spinal) 

Hypoglossal  nerve 


Hypoglossal  nerve 
bpinal  cord 
Vermis  of  cerebellum  (cut) 


Fig.  4.52. — View  ok  the  Under  Surface  of  the  Bkain, 
witli  the  lower  portion  of  the  temporal  and  occipital  lobes,  and  the  cerebellum  on  the  lelt  side  removed, 
to  show  the  origins  of  the  cranial  nerves. 

connexion  with  these  nerves  are  also  touched  upon  in  the  chapter  introductory  to 
the  Nervous  System  (p.  414). 

The  Fiestt  ok  Olfactory  Nerve. 


The  olfactory  nerve  (n.  olfactorius)  consists  of  several  parts ;  (1 )  a  series  of  fine 
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nerves,  which  arise  from  (2)  the  olfactory  bulb.  This  again  is  connected  by  (3) 
the  olfactory  tract  with  the  brain,  to  wliicli  it  is  attached  by  (4)  two  roots  (Fig.  452). 

The  anatomy  of  the  roots,  tract,  and  Imlb  of  the  olfactory  nerve  are  described 
elsewhere  (pp.  528  and  545). 

The  olfactory  nerves,  abont  twenty  in  number,  arise  from  the  under  surface  of 
the  olfactory  bulb.    The  fibres  are  non-medulla  ted.    Piercing  the  cribriform  plate 

-^^        '  >lfact.ory  nerves 

\  Superior  nasal  nerve 

I         Inferior  nasal  nerve 


Branches  / 

of  nasal  /- 


Kk;.   iNNKHVATION  OP  THE  NaSAI.  CaVITV. 

of  tjie  etlimoid  bone,  enveloped  in  sheaths  of  dura  mater,  they  are  distributed  in 
the  nasal  cavity  as  the  nerves  of  smell.    The  fibres  form  fine  plexuses  on  the  upper 

portion  of  the  nasal  septum,  and  to  a  less 
extent  over  the  outer  wall  of  the  nose. 

TirE  Second  ok  Optic  Nerve. 

The  optic  nerve  (u.  opticus)  arises  from 
tlie  brain  by  means  of  the  optic  tract  (Fig. 
452).  This  takes  origin  from  the  external 
and  internal  geniculate  bodies,  situated  on 
the  under  surface  of  the  optic  thalamus  at 
its  posterior  end,  and  also  from  the  brachium 
of  the  upper  of  the  two  corpora  quadri- 
gemina  {vide  pp.  510  and  591).  The  optic 
tract  reaches  the  base  of  the  brain  in  the 
interval  lietweeu  the  crus  cerebri  and  the 
hippocampal  convolution  of  the  temporal 
lobe.  The  two  optic  tracts  converge  in 
front  of  the  inter-peduncular  space,  internal 
to  the  anterior  perforated  spot  and  the 
termination  of  the  internal  carotid  artery, 
to  form  the  optic  chiasma  or  commissure. 
This  adheres  to  the  under  surface  of  the 
tioor  of  the  third  ventricle  in  front  of  the 
tuber  cinereum,  and  gives  rise  at  each  end 
to  the  optic  nerve.  The  optic  nerve,  directed 
outwards  and  forward,  pierces  the  dura 
mater,  and  passes  from  the  cranial  cavity 
into  the  orbit  through  the  optic  foramen 
in  company  with  the  ophthalmic  artery. 
In  the  orbit  the  nerve  is  inibedded  in  the 
fat  behind  the  eye-ball,  and  is  surrounded 
by  the  ocular  muscles.  It  is  connected 
with  the  eyeball  at  a  point  one-eighth  of  an  inch  on  the  inner  side  of  the  axis  of 
the  eyeball.  After  piercing  the  fibrous  and  vascular  coats,  the  nerve  spreads  out 
at  the  optic  disc  to  form  the  innermost  layer  of  the  retina.    In  the  orbit  the  nerve 


¥ja.  454. — UiAQRAM  ok  the  Central  C'onnkxiox.s 
OF  THE  Optic  Nerve  and  Optic  Tract. 


THE  THIKD  OK  OCULO-MOTOE  NERVE. 
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is  crossed  by  the  ophthalmic  artery  and  the  uasal  nerve,  and  nearer  to  its 
termination  it  is  surrounded  by  the  ciliary  vessels  and  nerves,  and  by  the  capsule 
of  Tenon.  It  is  pierced  obliquely  on  its  under  surface  by  the  central  artery  of 
the  retina. 

Decussation  in  the  Optic  Commissure.— In  the  oi^tic  coinnussiue  the  h\nv6  of  tlie  two 
optic  tracts  separate,  the  inner  Iialf  of  each  tract  decussating  to  form  the  mesial  half  of  the  opj^osite 
optic  nerve.  The  other,  outer  half  of  eacli  tract  continues  its  course  to  form  the  outer  half  of 
the  optic  nerve  on  the  same  side.  At  the  back  of  the  commissure  another  bundle  of  fibres  is 
found  pas.sing  from  tract  to  tract  liehind  the  decussating  filjres,  and  known  as  Gudden's  commis- 
sure (see  p.  510). 

The  Third  ok  Oculo-motok  Nerve. 

The  oculo- motor  nerve  (n.  oculo-motorius)  arises  from  the  brain,  in  the 
region  of  the  posterior  perforated  spot,  by  several  radicles  emerging  from  the 


Internal  carotid  artery    (-)IJtic  nerve 


Troclilear  nervi 
Oenlo-motor  nerve 


Uiaphragnia  sell;e 
titnitary  fossa' 


Sphenoidal  sinus- 
Sphenoid  boue. 


Internal  carotid  artery 

Abducent  nerve 
Cavernous 

Ophthalmic  division  of  trigeminal  nerve  •' 
Superior  maxillary  division  of  trigeminal  nerve 
Inferior  maxillary  division  of  trigeminal  nerve 


Ophthalmic  artery 

Anterior  elinoid  jjrocess 
Trochleiu-  )ierve 

Fiuntal  branch 

1  /ichrvnial  branch 


Oculo-motur  nerve 
■"(.suiierior  division) 

,.  _N'asal  branch  of  oi)hthalniic 

ner\'e 

Oculo-motur  nerve 
(inlerior  division) 
Abducent  nerve 
r>\Superi(ir  maxillary  division  of 
trigeminal  nerve 


Foramen  ove 
Inferior  maxillary  division  of  trigeminal  nerve 
Motor  root 


Pig.  455. — Rklations  of  Stkoctuhes  in  thk  Caveunous  Sinus  and  Sphenoidal  Fissuke. 


oculo -motor  sulcus,  on  the  inner  side  of  the  crus  cerebri,  just  in  front  of  the  pons 
Varolii  (Fig.  452).  Passing  forwards  between  the  posterior  cerebral  and  superior 
cerebellar  arteries,  the  nerve  pierces  the  dura  mater  on  the  outer  side  of  the 
posterior  elinoid  process,  in  a  small  triangular  space  between  the  free  and  attached 
borders  of  the  tentorium  cerebelli.  Beneath  the  dura  mater  the  nerve  courses 
through  the  outer  wall  of  the  cavernous  sinus,  and  enters  the  orbit  through  the 
sphenoidal  fissure  and 
between  the  two  heads  of 
the  external  rectus  muscle. 
As  it  enters  the  orbit  it 
divides  into  upper  and 
lower  branches,  separated 
by  the  nasal  nerve. 

Branches.  —  The 
superior  branch  of  the 
nerve  supplies  two  muscles 
of  the  orbit — the  superior 
rectus  and  the  levator 
palpebrse  superioris. 

The  inferior  branch 
passes  forwards,  and  after 
giving  branches  to  the 
internal  and  inferior  recti. 


Posterior 
connnissurc 


Pineal  bodv 


Corpora 
quadrigemnia 


Bi-eimlui 
Supeiuor  medullary  velui 


Optic  thalamus 


.-  Brachia  conjunctiva 

Fourth  nerve 
Fillet 

Superior  peduncle  of 
cerebellum 
Crus  cerebri 


Lingula 


Fic 


456.  — Dorsal  Surface  of  thS  Mid  Bhain,  to  .show  the  origin 
of  tlie  trochlear  (fourth)  nerve. 


ends  in  the  inferior  oblique  muscle.  The  short  root  of  the  ciliary  gangiiou  arises 
from  the  terminal  branch  to  the  last-named  muscle. 

Communications. — 1.  In  the  cavernous  sinus  the  third  nerve  communicates  with 
the  cavernous  plexus  on  the  internal  carotid  artery.    "2.  In  the  cavernous  sinus  it  also 
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receives  a  slender  coinmunication  from  the  oplithalniic  division  of  the  fiftli  nerve.  3.  The 
short  root  of  the  ciliary  ganglion  passes  upwards  from  the  branch  of  the  nerve  which 
supplies  the  inferior  oblique  muscle. 

The  Foukth  ok  Trochlear  Nerve. 

The  trochlear  nerve  (u.  trochlearis  or  patheticus)  emerges  from  the  dorsal 
surface  of  the  mid-ljraiii.     It  springs  at  the  side  of  the  frenulum  from  the 


Olfactory  bulb 


Optic  nerve 

Optic  coiiiniKssiire 
Anterior  cereliral 
artei-y 
Middle  cerebral 
artery 
Posterior 
comnimii-  ^ 
eating  artery 
Oculo-niotor 
nerve 
Posterior  cere- 
bral artery 
Superior  cere-  — 
bellar  artery 
Trochlear 
nerv 
Abducent 

nerve  *M» 

i\ 

TrigemiTjal 
nervi' 
Snperiiii 
petro^a 
sinus 
Facial 
nerve 
Pars  inter-. 

media 
Auditory  nerve 


Glosso-pliarvn-  y 
geal  nerve 
Pneumogastiic/ 
nerve 

Spinal  accessory  nerve 


Infra-trochlear  nerve 

Supra-troclilear  nerve 

Oculo-motor  nerve 

Spbeno-parietal  sinus 
^Ophthalmic  vein 

Anterior  clinoid 
process 

I rochlear  nerve 

Oculo-motor 
nerve 

Abducent  nerve 

Jircular  sinus 
)phtlial.  nerve 
■superior 
.iiaxillary  nerve 
I  nCerior 

maxillary  nerve 
Cavernous  sinus 
l?asilar  sinus 

 Gasseiian 

ganglion 
Basilar 
artery 
Interior 
petrcsal 
sinus 

Vertebral 
.irtery 


Hypoglossal  nerve 


Lateral  snuis 


I  entorivun  cerebelli 
(cut) 

Occipital  sinuses 


Lateral  Sinu: 
Vertebral  artery 


Spinal  cord 
Openings  of  occipital  sinuses 


Straight  sinus 
I  orcular  Herophili 


Superior  longitudinal  sinus 


Falx  cerebri  (cut) 

Fig.  457. — The  Base  ok  the  Skulu  to  .sliow  the  dura  mater,  sinuses,  arteries,  ami  nerves. 

anterior  end  of  the  superior  medullary  velum,  just  behind  the  corpora  quadri- 
gemiua  (for  deep  origin,  see  p.  'IGO).  It  is  extremely  slender,  and  of  consider- 
able length.  Passing  round  the  crus  cerebri,  the  nerve  appears  in  the  base  of 
the  brain  behind  the  optic  tract,  in  the  interval  between  the  crus  cerebri  internally 
and  the  temporal  lobe  of  the  cerebrum  externally.  Continued  forwards  to  the  base 
of  the  skull,  it  pierces  the  free  border  of  the  tentorium  cerebelli,  on  the  outer  side 
of  the  third  nerve,  and  proceeds  forwards  in  the  outer  wall  of  the  cavernous  sinus 
lying  between  the  third  and  ophthalmic  nerves.    It  enters  the  orbit  through  the 


THE  FIFTH,  TEIGEMINAL  OR  TRIFACIAL  NERVE. 
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sphenoidal  fissure,  above  the  muscles  of  the  eyeball,  and  terminates  in  the  orbital 
(superior)  surface  of  the  superior  oblique  muscle. 

Communications. — In  the  cavernous  sinus  the  nerve  receives  (1)  a.  communicating 
branch  from  the  cavernous  or  carotid  plexus  on  the  internal  carotid  artery,  and  (2)  a 
slender  filament  from  the  oj)hthalmic  division  of  the  lifth  nerve. 


The  Fifth,  Tkigeminal  or  Trifacial  Nerve. 

The  trigeminal  nerve  (u.  trigeminus)  arises  from  the  surface  of  the  pons  A'^arolii 
in  its  outer  part  by  two  roots,  a  large  sensory  root  (portio  major)  and  a  small  motor 
root  (portio  minor)  (Fig.  452,  p.  633).  _ 
The  two  roots  proceed  forwards  in  the 
posterior  fossa  of  the  base  of  the  skull, 
and  piercing  the  dura  mater  lieneath 
the  attachment  of  the  tentorium  cere- 
belli  to  the  superior  border  of  the 
petrous  portion  of  the  temporal  bone, 
enter  a  cavity  in  the  dura  mater 
(cavum  Meckelii)  over  the  apex  of 
the  petrous  bone.  The  large  sensory 
root  gradually  conceals  the  small 
motor  root  in  its  course  forwards, 
and  expands  beneath  the  dura  mater 
into  a  large  flattened  ganglion, — the 
Gasserian  ganglion  (ganglion  semi- 
lunare).  This  ganglion  occupies  an 
impression  on  the  apex  of  the  petrous 
portion  of  the  temporal  bone,  and 
from  it  three  large  trunks  arise — 
the  ophthalmic  or  first,  the  superior 
maxillary  or  second,  and  the  inferior 
maxillary  or  third  divisions  of  the 
nerve.  The  small  motor  root  of  the 
nerve  passes  forward  beneath  the 
Gasserian  ganglion,  and  is  wholly  in- 
corporated with  the  inferior  maxillary 
division  of  the  nerve. 

Ophthalmic  Division  (n.  ophthal- 
micus).— The  ophthalmic  nerve  passes 
forwards  to  the  orbit  through  the 
middle  fossa  of  the  base  of  the  skull, 
beneath  the  dura  mater.  It  lies  in  the 
outer  wall  of  the  cavernous  sinus,  at 
a  lower  level  than  the  fourth  nerve, 
and  reaches  the  orbit  through  the 
sphenoidal  fissure  (Fig.  455). 

In  the  wall  of  the  cavernous  sinus  the 
ophtlialmic  nerve  gives' off  (1)  a  small 
recurrent  branch  to  the  dura  mater 
(n.  tentorii),  (2)  commimlcating  branches 
to  the  cavernous  plexus  of  the  sym- 
pathetic on  the  internal  carotid  artery,  and  (3)  small  communicating  twigs  to  the  trunks 
of  the  third,  fourth,  and  sixth  nerves. 

In  the  sphenoidal  fissure  the  nerve  divides  into  three  main  branches — lachrymal, 
frontal,  and  nasal  (Fig.  459). 

The  lachrymal  nerve  (n.  lacrymalis)  enters  the  orbit  through  the  outer 
angle  of  the  sphenoidal  fissure,  above  the  orbital  muscles.  Passing  forwards 
beneath  tlie  periosteum  to  the  anterior  part  of  the  orbit,  the  nerve  ends  by 


Fio.  458. — DisTuiBUTioN  OF  Sensoky  Nehves  to  the 
Head  and  Nbck. 

Ophtli,  Oplitlialniic  division  of  the  fiftli  nerve  ;  St,  Supra- 
troclilear  branch  ;  S.O,  Supra  -  orbital  branch  ;  I.T, 
Infra -trochlear  branch;  L,  Lachrymal  branch;  N, 
External  nasal  branch  ;  Sup.Max,  Superior  maxillary 
division  ;  T,  Temporal  branch  ;  M,  Malar  branch  ; 
I.O,  Infra-orbital  branch  ;  Inf.Max,  Inferior  maxillary 
division  ;  A.T,  Auriculo-temporal  branch  ;  B,  Buccal 
liranch  ;  M,  Mental  branch  ;  C2,  3,  Branches  of  the 
second  and  third  cervical  nerves  ;  G.O,  Great  occipital 
nerve  ;  S.O,  Small  occipital  nerve  ;  G.A,  Great 
auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  C'3, 
Least  occipital  nerve  ;  4,  5,  6,  Posterior  primary 
division  of  4th,  5th,  and  6th  cervical  nerves. 
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supplying  branches  (a)  to  the  lachrymal  gland,  (b)  to  the  conjunctiva,  and.  (c)  to  the 
skin  of  the  outer  canthus  of  the  eye. 

The  lachrymal  nerve  communicates  in  the  orbit  with  the  orbital  branch  of  the  superior 
maxillary  nerve,  and  on  the  face,  by  its  terminal  branches,  with  the  temporal  branches  of 
the  facial  nerve  (Fig.  458). 

The  frontal  nerve  (n.  frontalis),  entering  the  orbital  cavity  through  the 
sphenoidal  fissure,  courses  forwards  above  the  ocular  muscles,  and  divides  at  a 
variable  point  into  two  branches — a  larger  supra-orbital  and  a  smaller  supra- 
trochlear nerve.  The  supra-orbital  nerve  (n.  supra-orbitalis)  passes  directly  forwards, 
and  leaves  the  orbit  through  the  supra-orbital  groove  or  foramen  to  reach  the  fore- 
head. It  gives  off  the  following  secondary  branches :  (1)  the  principal  branches 
(rr.  frontales)  are  distributed  to  the  forehead  and  scalp,  reaching  backwards  as  far  as 

the  vertex  ;  (2)  small  branches 
supply  the  upper  eyelid ;  and 
(3)  twigs  are  distributed  to  the 
frontal  sinus.  On  the  fore- 
head the  supra-orbital  nerve 
communicates  with  the  tem- 
poral branches  of  the  facial 
nerve.  The  supra -trochlear 
nerve  (n.  supra -trochlearis) 
courses  obliquely  forwards  and 
inwards  over  the  tendon  of 
the  superior  oblique  muscle 
to  reach  the  inner  side  of  the 
supra-orbital  arch.  Leaving 
the  cavity  of  the  orbit,  the 
nerve  is  distributed  to  the 
skin  of  the  mesial  part  of  the 
forehead,  the  root  of  the  nose, 
and  the  inner  canthus  of  the 
eye. 

It  communicates  with  the  infra- 
trochlear  branch  of  the  nasal 
nerve,  either  before  or  after 
leaving  the  orbital  cavity. 

The  nasal  nerve  (n.  uaso- 
ciliaris)  enters  the  orbit 
through  the  sphenoidal  fissure, 
Ijetween  the  heads  of  the  ex- 
ternal rectus  muscle,  and  be- 
tween the  two  divisions  of  the  third  nerve  (Fig.  455,  p.  635).  It  crosses  the  orbital 
•  cavity  oljliquely  to  reach  tlie  anterior  ethmoidal  foramen,  lying  in  its  course  below  the 
superior  rectus  and  superior  oblique  muscles,  and  above  the  optic  nerve  and  internal 
rectus  muscle.  By  the  anterior  ethmoidal  foramen  the  nerve  is  transmitted  into  the 
cranial  cavity,  ^vhere  it  lies  on  the  cribriform  plate  of  the  ethmoid  bone.  It  enters 
the  nasal  cavity  through  the  nasal  fissure,  and  terminates  by  dividing  into  internal 
and  external  branches.  The  internal  division  supplies  the  mucous  membrane  over 
the  upper  and  anterior  part  of  the  nasal  septum  (rr.  niediales).  The  external  branch, 
after  supplying  collateral  offsets  to  the  outer  wall  of  the  nose  (rr.  laterales),  finally 
appears  on  the  face  between  the  nasal  bone  and  lateral  cartilage,  and  supplies 
branches  to  the  skin  of  the  lower  part  and  tip  of  the  nose. 

The  branches  of  the  nasal  nerve  may  be  divided  into  three  sets,  arising  (a)  in 
the  orbit,,  (h)  in  the  nose,  and  (c)  on  the  face. 

In  the  orbit  the  branches  are  given  off  in  three  situations — external  to,  over, 
and  internal  to  the  optic  nerve,  (a.)  As  the  nasal  nerve  lies  external  to  the  optic 
nerve,  -  it  gives  off  the  long  root  of  the  ciliary  ganglion  (radix  longa).    (h)  As  it 


flc.  459. — sohe.mk  of  thk  drstuibution  of  '['he  ophthalmic 
Nekve. 


V.s,  Trigeminal  ueive,  afferent  root  ;  Mo,  Efferent  root  ;  (jr.(i,  Gasserian 
ganglion  ;  M,  Meningeal  brancli  ;  I.C,  Brancli  to  internal  eai'otid 
artery  ;  Oph,  Ophthalmic  nerve  ;  S.M,  Superior  maxillary  nerve  ; 
I.  M,  Inferior  maxillary  nerve  ;  III,  Communication  to  oculo- 
motor nerve  ;  IV,  To  trochlear  nerve  ;  VI,  To  abducent  nerve. 
Frontal  nerve  :  f.s,  Branches  to  frontal  sinus  ;  S.o,  Supra-orbital 
nerve  ;  S.  t,  Supra-trochlear  nerve  ;  L,  Branche.s  to  upper  eyelid. 
Nasal  nerve  ;  L.G,  Long  root  to  lenticular  ganglion  ;  Sy,  Root 
from  sympathetic  (on  carotid  artery)  ;  III,  Short  root  from  motor 
oc.uli  nerve  ;  C,  Short  ciliary  branches  ;  L.C,  Long  ciliary  nerves  : 
I.T,  Infra-trochlear  nervp  ;  E.N,  External,  and  I.N,  Internal 
nasal  nerves.  Lachrymal  nerve  ;  0,  Orbital  branch  of  superior 
maxillary  nerve  ;  L.Gl,  Lachrymal  gland  ;  C,  Conjunctival 
branch  ;  L.  Branch  to  eyelids  and  face. 
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crosses  the  optic  nerve  two  long  ciliary  branches  (nn.  ciliaris  longi)  arise,  and  pass 
forwards  alongside  the  optic  nerve  to  the  eyeball,  (c)  On  the  inner  side  of  the 
optic  nerve  the  infra-trochlear  nerve  (n.  infra-trochlearis)  arises,  a  slender  branch 
which  courses  forward  beneath  the  pulley  of  the  superior  oblique  muscle  to  the 
front  of  the  orbit.  It  ends  on  the  face  by  supplying  the  skin  of  the  root  of  the 
nose  and  the  eyelids,  and  communicates  either  in  the  orbit  or  on  the  face  with 
the  supra-trochlear  nerve.  On  the  face  it  also  communicates  with  infra-orbital 
branches  of  the  facial  nerve. 

In  the  nose  the  internal  nasal  branch  supplies  the  mucous  membrane  of  the 
fore  part  of  the  nasal  septum ;  the  external  nasal  branch  supplies  the  fore  part  of 
the  outer  wall  of  the  nose. 

On  the  face  the  terminal  filaments  of  the  nerve  are  distributed  to  the  skin  of 
tiie  lower  half  and  tip  of  the  nose.  The  superficial  terminal  branch  communicates 
with  the  infra-orbital  branches  of  the  facial  nerve  (Fig.  458). 

The  ciliary  or  lenticular  ganglion  (ganglion  ciliare)  is  associated  with  the 
nasal  branch  of  the  ophthalmic  nerve  and  with  the  lower  division  of  the  third 
nerve.    It  is  a  small  reddish  ganglion,  placed  between  the  external  rectus  muscle 


Lachrymal  gland 


Frontal  nerve 


Siipra-orbital  nerve 


Lachrymal  nerve 

Nerves  to  superior  rectus  and 
levator  palpebrse  superioris, 
from  oculo-motor  nerve, 
superior  division 
Trochlear  nerve 


Rectus  internum 


Abducent  nerve  - 

Oculo-uiotor  nerve  (inferior  _ 
division) 

Lienlicular  ganglion  — 

Nerve  to  rectus  inferior,  from 
oculo-motor  nerve 

Nerve  to  obliquus  inferior, 
from  oculo-motor  nerve 


Supra-trochlear  nerve 
Levator  palpebrse  superioiis 

Rectus  superior 

s — -  Obliquus  superior 

\ 

Nasal  nerve 

Infra-trochlear  nerve 

|~~Rectus  interuus 
I    Nerve  to  rectus  interuus  from 
oculo-motor 

Ophthalmic  artery 
Optic  nerve 
Large  ciliary  nerves 

Rectus  inferior 


Uljliquus  inferior 

Fig.  460. — Schematic  Rbpkesentation  of  the  Nerves  which  traverse  the  C.4.vity  of  the  Orbit. 

and  the  optic  nerve,  and  in  front  of  the  ophthalmic  artery.  Its  roots  are  three  in 
number:  (1)  sensory  or  long  (radix  longa),  derived  from  the  nasal  branch  of  the 
ophthalmic  nerve ;  (2)  motor  or  short  (radix  brevis),  derived  from  the  inferior 
division  of  the  third  nerve ;  and  (3)  sympathetic,  a  slender  filament  from  the 
cavernous  plexus  on  the  internal  carotid  artery,  which  may  exist  as  an  independent 
root  or  may  be  incorporated  with  the  long  root  from  the  nasal  nerve.  The  branches 
from  the  ganglion  are  twelve  to  fifteen  short  ciliary  nerves  (nn.  ciliares  breves), 
which  pass  to  the  eyeball  in  two  groups  above  and  below  the  optic  nerve.  They 
supply  the  coats  of  the  eyeball,  including  the  iris 'and  ciliary  muscles.  The  circular 
^res  of  the  iris  and  the  ciliary  muscle  are  innervated  by  the  third  nerve ;  the 
radial  fibres  of  the  iris-  by  the  sympathetic. 

Superior  Maxillary  Division  of  the  Fifth  Nerve  (n.  maxillaris). — This  large 
nerve  courses  forwards  from  its  origin  in  the  Gasserian  ganglion  through  the  middle 
fossa  of  the  base  of  the  skull,  beneath  the  dura  mater,  and  in  relation  to  the  lower 
part  of  the  cavernous  sinus  (Fig.  455,  p.  635).  Passing  through  the  foramen 
rotundum  in  the  root  of  the  pterygoid  process,  it  traverses  the  spheno-maxillary 
fossa.  It  enters  the  orbit  as  the  infra-orbital  nerve,  through  the  spheno-maxillary 
fissure,  and  occupying  successively  the  infra -orbital  groove  and  canal,  it  finally 
appears  on  the  face  through  the  infra-orbital  foramen  (Fig.  461). 

The  branches  and  communications  of  this  nerve  occur  (a)  in  the  cavity  of  the 
cranium,  (&)  in  the  spheno-maxillary  fossa,  (c)  in  the  infra-orbital  canal,  and  (d) 
on  the  face.' 
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In  the  cavity  of  the  cranium  the  nerve  gives  off  a  minute  recurrent  branch  (n. 
meniugeus)  to  the  dura  mater  of  the  middle  fossa  of  the  base  of  the  skull. 

In  the  spheno-maxillary  fossa  the  nerve  gives  off — (1)  two  sliort  thick  spheno- 
palatine nerves  (nn.  spheno-palatini),  the  short  or  sensory  roots  of  the  spheno- 
palatine (Meckel's)  ganglion.  (2)  A  posterior  dental  nerve,  which  may  be  double 
(nn.  alveolares  superiores),  descends  through  the  pterygo-maxillary  fissure  to  the 
outer  side  of  the  upper  jaw,  and  proceeds  forwards  along  the  alveolar  arch,  in 
company  with  the  posterior  dental  artery.  It  supplies  the  gum  and  the  upper 
molar  teeth  by  branches  which  perforate  the  bone  to  reach  the  alveoli.  The  nerve 
forms  a  fine  plexus  joined  by  the  middle  dental  nerve  before  finally  reaching  the 
teeth.   (3)  A  small  orbital  branch  (n.  zygomaticus)  enters  the  orbital  cavity  through 

the  spheno-maxil- 
lary fissure,  and 
proceeding  along 
the  outer  wall,  it 
communicates  with 
the  lachrymal 
nerve,  and  passes 
through  the  orbital 
canal  in  the  malar 
bone,  where  it 
divides  into  malar 
and  temporal 
branches.  The 
malar  branch  (n. 
zygomatico-faci- 
alis)  appears  on  the 
face,  after  travers- 
ing the  malar 
bone,  and  supplies 
the  skin  over  that 
bone.  It  com- 
municates with  the 
malar  branches  of 
the  facifil  nerve. 
The  temporal 
branch  (u.  zygo- 
matico- temporalis) 

the  spheuo-maxillary  fossa  ;  S.P,  Spheno-palatiuu  uerves  ;  S.N,  Superior  iia.sal  perforates  the 
branch  ;  Orb,  Orbital  nerve  ;  T,  Temporal,  auil  M,  Malar  branches  ;  I.O,  zvo'Omatic  SUrface 
Infra-orbital  nerve,  appearing  on  the  face  ;  P,  Palpebral  ;  N,  Nasal,  and     "p^ii  i  i 

L,  Labial  branches  ;  A.D,  Anterior  dental  branch  ;  M.D,  Middle  dental  01  tlie  malar  bonC, 
branch;  N.P,  Naso-palatine  nerve  ;  P.D,  Posterior  dental  branch  ;  I.N,  Inferior  and  is  distributed, 
nasal  branch  ;  L.P.P,  Large  po.sterior  palatine  nerve  ;  S.P.P,  Small  posterior  jj^f^gj;-  piercino'  the 
palatine  nerve  ;  Acc,  Accessory  posterior   palatine   nerve  ;    Vid,  Vidian  i  f  j. 

nerve  ;  Pt.Pal,  Pterygo-palatine  branch.  temporal  laSCia,  tO 

the  skin  over  the 

fore  part  of  the  temple.  It  communicates  with  the  temporal  branches  of  the 
facial  nerve.  It  may  be  very  minute,  and  not  pass  further  than  the  temporal 
fascia,  between  the  two  layers  of  which  it  may  form  a  communication  with  the 
facial  nerve.  (4)  The  infra-orbital  nerve  (n.  infra-orbitalis)  is  the  terminal  branch 
of  the  superior  maxillary  nerve,  which  enters  the  orbit  through  the  spheno- 
maxillary fissure  and  traverses  the  infra-orbital  canal  to  reach  the  face. 

In  the  hifra-orhital  canal  the  superior  maxillary,  now  called  the  infra-orbital 
nerve,  supplies  one  and  sometimes  two  branches  to  the  teeth — the  middle 
and  anterior  dental  nerves  (rr.  alveolares  superiores  medius  and  anterior). 
The  former  may  be  only  a  secondary  branch  of  the  latter  nerve,  or  they  may 
arise  independently  from  the  infra-orbital  nerve.  However  formed,  the  nerves 
descend  in  bony  canals  in  the  wall  of  the  antrum  of  Highmore  (to  the  lining  of 
which  branches  are  given),  and  reach  the  alveolar  arch,  where  they  form  minute 
plexuses  and  supiily  the  teeth  (joining  posteriorly  with  the  branches  of  the  posterior 


Fig.  461.- 


-sc'heme  of  the  cohlise  and  distribution  of  the  superior 
Maxillary  Nerve. 


Rec,  Recurrent  liranch  in  the  middle  fossa  of  the  skull  ;  M.G,  Meckel's  ganglion  in 
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dental  uerve).  The  anterior  dental  nerve  supplies  tlie  incisor  and  canine  teeth ; 
the  middle  dental  nerve  supplies  the  premolar  teeth. 

After  eriiergiyig  on  the  face  from  the  infra-orbital  foramen,  the  infra-orljital  nerve 
divides  into  a  number  of  radiating  branches  arranged  in  three  sets — (a)  palpebral,  for 
the  lower  eyelid  ;  (6)  nasal,  for  the  skin  of  the  side  of  the  nose  ;  and  (c)  labial,  for  the 
cheek  and  upper  lip.  These  branches  form  communications  with  the  infra-orbital 
branches  of  the  facial  uerve,  known  as  the  infra-orbital  plexus  (Fig.  458,  p.  637). 

The  spheno-palatine  or  Meckel's  ganglion  (g.  spheno-palatinum)  occupies  the 
upper  part  of  the  spheno-niaxillary  fossa.  It  is  a  small  reddish-gray  ganglion, 
suspended  from  the  superior  maxillary  nerve  by  the  two  spheno-palatine  branches 
which  constitute  its  sensory  roots.  The  motor  and  sympathetic  roots  of  the  ganglion 
are  derived  from  the  vidian  nerve.  This  nerve  is  formed  in  the  cavity  of  the  skull 
upon  the  cartilage  filling  up  the  foramen  lacerum  medium,  by  the  union  of  the 
great  swperficial  petrosal  nerve  from  the  geniculate  ganglion  of  the  facial  nerve 
(emerging  from  the  temporal  lione  through  the  hiatus  Fallopii)  with  the  great  deep 
petrosal  nerve,  a  branch  of  the  carotid  plexus  of  the  sympathetic  on  the  internal 
carotid  artery.  The  vidian  nerve  passes  through  the  vidian  canal  to  the  spheno- 
maxillary fossa,  where  it  ends  in  Meckel's  ganglion. 

The  branches  from  the  ganglion  are  seven  in  number,  (a)  The  pterygo-palatine 
or  pharyngeal  branch  passes  l)ackwards  through  the  pterygo-palatine  canal  to 
supply  the  mucous  membrane  of  the  roof  of  the  pharynx. 

(h)  The  posterior  palatine  nerves,  three  in  number,  are  directed  downwards  to  the 
palate  through  the  posterior  palatine  canals.  The  large  posterior  palatine  nerve  emerges 
on  the  under  surface  of  the  palate  through  the  large  posterior  palatine  canal,  and  at 
once  sex>arates  into  numerous  branches  for  the  supply  of  the  mucous  membrane  of  the 
soft  and  the  bard  palate.  Its  anteiior  filaments  communicate  with  branches  of  the 
naso-palatine  nerve.  The  main  nerve  gives  off,  as  it  lies  in  the  posterior  palatine  canal, 
a  small  inferior  nasal  nerve  which  enters  the  nasal  cavity  and  supplies  the  mucous 
meml)rane  of  the  lower  part  of  the  outer  wall  of  the  nose.  The  small  posterior 
palatine  nerve  descends  through  the  small  posterior  palatine  canal,  and,  piercing 
the  tuberosity  of  the  palate  Ijone,  is  distributed  to  the  mucous  membrane  of  the 
soft  palate,  uvula,  and  tonsil.  It  possibly  conveys  motor  fibres  to  the  levator  palati 
and  azygos  uvulre  muscles.  The  accessory  posterior  palatine  nerves  are  one  or 
more  small  twigs  which  pass  through  accessory  posterior  palatine  canals,  and 
supply  branches  to  the  mucous  membrane  of  the  tonsil,  soft  palate,  and  uvula. 

(c)  The  branches  directed  inwards  from  Meckel's  ganglion  enter  the  nasal  cavity 
through  the  spheno-palatine  foramen.  They  are  two  in  number  —  the  naso- 
palatine and  the  superior  nasal.  The  superior  nasal  nerve  is  a  small  nerve 
destined  for  the  mucous  membrane  of  the  upper  and  back  part  of  the  outer  wall  of 
the  nose.  The  naso-palatine  nerve,  after  passing  through  the  spheno-palatine 
foramen,  crosses  the  roof  of  the  nose,  and  extends  obliquely  downwards  and 
forwards  along  the  nasal  septum,  grooving  the  vomer  in  its  course,  to  reach  the 
incisor  foramen  near  the  front  of  the  hard  palate.  The  nerves  pass  through  the 
subordinate  mesial  foramina  (of  Scarpa),  the  left  nerve  in  front  of  the  right.  In 
the  incisor  foramen  the  two  nerves  communicate  together.  They  then  turn  back- 
wards and  supply  the  mucous  membrane  of  the  hard  palate.  They  communicate 
posteriorly  with  terminal  filaments  of  the  large  posterior  palatine  nerves.  In  its 
course  through  the  naM  cavity  the  naso-palatine  nerve  furnishes  collateral  branches 
to  the  mucous  membrane  of  the  roof  and  septum  of  the  nose  (Fig.  453,  p.  634). 

{d)  The  orbital  branches,  one  or  more  minute  branches,  pass  upwards  to  the 
periosteum  of  the  orliit  from  Meckel's  ganglion. 

Inferior  Maxillary  Nerve  (n.  mandibularis). — The  inferior  maxillary  nerve 
is  formed  by  the  union  of  two  roots:  a  large  sensory  root,  from  the  Gasserian 
ganglion,  and  the  small  motor  root  of  the  trigeminal  nerve,  which  is  wholly 
incorporated  with  this  trunk.  The  two  roots  pass  together  l)eneath  the  dura  mater 
of  the  middle  fossa  of  the  base  of  the  skull  to  the  foramen  ovale,  through  which 
they  emerge  into  the  pterygoid  region.  Outside  the  skull  they  coml)ine  to  form  a 
single  trunk,  which  soon  separates  into  anterior  and  posterior  divisions. 

At  its  emergence  from  the  skull  the  nerve  is  deeply  placed  beneath  the  middle 
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of  the  /ygomatie  arch,  and  is  concealtHl  ))y  tlie  ramus  of  the  lower  jaw,  and  hy  the 
temporal,  masseter,  and  external  pterygoid  muscles. 

The  branches  of  tlie  inferior  maxillary  nerve  may  he  divided  into  two  seiies — 
(1)  those  derived  from  the  undivided  nerve,  and  (2)  those  derived  from  the  terminal 
divisions  of  the  nerve. 

The  l)ranches  of  the  undivided  nerve  are  two  in  number.  (a)  A  small 
recurrent  branch  (n.  spinosus)  arises  just  outside  the  skull,  and  accompanying  the 

middle  meningeal  artery 
through  the  foramen 
spinosum,  supplies  the  dura 
mater,  (b)  In  the  pterygoid 
region  a  small  Ijranch 
arises  for  the  supply  of  tiie 
internal  pterygoid  muscle. 
This  nerve  forms  a  con- 
nexion with  the  otic 
ganglion. 

The  terminal  divisions 
of  the  nerve  are  a  small 
anterior  and  a  large  pos- 
terior trunk. 

The  small  anterior 
trunk  passes  downwards 
and  forwards  beneath  the 
external  pterygoid  muscle,, 
and  separates  into  the  fol- 
lowing branches  : — (1)  A 
branch  for  the  external 
pterygoid  muscle  (n.  ptery- 
goideus  externus),  which 
supplies  it  on  its  deep  sur- 
face;  (2)  a  l)ranch  to  the 
masseter  muscle  (n.  mas- 
setericus),  which  passes  over 
the  upper  border  of  the 
external  pterygoid  and 


Fig.  462. — Scheme  ok  this  Dlstributiox  (if  the  I.nfekiok  • 
Maxillary  Neuvk. 

V.I.M,  Inferior  maxillary  nerve  ;  S,  Afferent,  and  Mo,  Efferent  roots  ;  M, 
Meningeal  branch  ;  O.U-,  Otic  ganglion  ;  I.Pt,  Nerve  to  internal  ptery- 
goid ;  S.S.P,  Small  superficial  petrosal  nerve  ;  T.T,  Nerves  to  tensor 
tympani,  and  T.P,  Tensor  palati  ;  Ty.Plex,  Tympanic  plexus  ;  LC, 
Internal  cai'olid  artery  ;  S.D.P,  Small  deep  petrosal  iierve  ;  Gr.G, 
Geniculate  ganglion  ;  F,  Facial  nerve  ;  Ty.  Tympanic  branch  ;  G.Ph, 
Glossopharyngeal  nerve  ;  M.M,  Middle  meningeal  artery  ;  A.T, 
Auriculo-temporal  nerve  ;  ,F,  Communication  with  facial  nerve  ;  Par, 
Nerve  to  parotid  gland  ;  Me,  Branch  to  meatus  of  ear  ;  Pi,  Branch 
to  pinna  ;  T,  Temporal  branch  ;  A,  Anterior  division  of  inferior 
maxillary  nerve  ;  E.Pt,  Nerves  to  external  pterygoid  :  M,  Masseter  ; 
T.T.T,  Temporal,  and  Bucc,  Buccinator  muscles  ;  Po,  Posterior 
division  of  inferior  maxillary  nerve  ;  L,  Lingual  nerve  ;  C.T,  Chorda 
tynipani  nerve  ;  Sub.G,  Sub-maxillary  ganglion  ;  Hy,  Hypoglossal 
nerve  ;  I.D,  Inferior  dental  nerve  ;  My.hy,  Mylohyoid  nerve  ;  My, 
Nerve  to  mylohyoid  ;  Di,  Nerve  to  digastric  (anterior  belly)  ;  Ment, 
Mental  branch  ;  Sty.Gl,  Stylo-glossus  ;  H.Gl,  Hyo-glossus  ;  G.H.G, 
Genio-hyoglossus  muscles. 

ternal  pterygoid  to  reach 

the  l)uccinator  muscle.  This  nerve  is  sensory,  and  its  fibres  are  in  part  distributed 
to  the  skin  of  the  cheek  (communicating  with  buccal  branches  of  the  facial  nerve) ; 
they  are  also  in  part  distrilnited  to  the  mucous  membrane  of  the  inside  of  the 
mouth,  to  reach  which  they  pierce  the  fibres  of  the  buccinator  muscle.  The 
buccal  nerve  usually  sup] ilies  a  third  l)ranch  to  the  temporal  muscle,  after  emerging 
l)etween  the  two  beads  of  the  external  pterygoid  muscle  (Fig.  458,  p.  637). 

The  large  posterior  trunk  extends  downwards  a  short  way  beneath  the 
external  pterygoid  muscle.  After  giving  off  by  two  roots  the  auriculo-temporal 
nerve,  it  ends  by  dividing  into  two,  the  lingual  and  the  inferior  dental  nerves. 

The  auriculo-temporal  nerve  (n.  auriculo-temporalis)  is  formed  l)y  the  union 


throuoh  the  sigmoid  notch' 
of  the  lower  jaw ;  (3)  and 
(4)  two  branches  to  the 
temporal  muscle  (nn.  tem- 
porales  profundi,  anterior 
et  posterior),  which  also 
ascend  al)ove  the  external 
pterygoid  muscle ;  and  (5) 
the  buccal  nerve  (n.  bucci- 
natorius),  which  passes  ol)- 
liquely  forwards  between 
the  two  heads  of  the  ex- 
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of  two  roots  which  embrace  the  middle  meningeal  artery.  The  nerve  passes  back- 
wards beneath  the  external  pterygoid  muscle  and  between  the  internal  lateral  liga- 
ment and  the  neck  of  the  lower  jaw.  Entering  the  substance  of  the  parotid  gland, 
it  is  directed  upwards  to  the  temple  over  the  zygoma  in  company  with  the  temporal 
artery.  It  is  finally  distributed  as  a  cutaneous  nerve  of  the  temple  and  scalp,  and 
reaches  almost  to  the  vertex  of  the  skull. 

The  auriculo-temporal  nerve  gives  off  the  following  branches: — (1)  A  small 
branch  to  the  temporo-maxillary  articulation.  (2)  Branches  to  the  parotid  gland. 
(3)  A  twig  for  the  supply  of  the  skin  of  the  external  auditory  meatus  (and  mem- 
brana  tympani).  (4)  Branches  to  the  upper  half  of  the  pinna  on  its  outer  aspect. 
(5)  Terminal  branches  to  the  skin  of  the  temple  and  scalp. 

It  has  the  following  communications  with  other  nerves  : — (1)  Important  communica- 
tions are  effected  by  the  roots  of  the  nerve,  which  are  separately  joined  by  small  branches 
from  the  otic  ganglion.  (2)  The  parotid  branches  of  the  nerve  are  connected  with  branches 
of  the  facial  nerve  in  the  substance  of  the  gland.  (3)  The  temporal  branch  of  the  nerve 
is  in  communication  superficially  with  the  temporal  branches  of  the  facial  nerve. 

The  lingual  nerve  (n.  lingualis)  is  the  smaller  of  the  two  terminal  branches 
of  the  posterior  division  of  the  inferior  maxillary  nerve.  It  proceeds  downwards  in 
front  of  the  inferior  dental  nerve,  beneath  the  external  pterygoid  muscle,  to  its  lower 
border.  After  passing  between  the  internal  pterygoid  muscle,  and  the  ramus  of  the 
lower  jaw,  it  crosses  beneath  the  mucous  membrane  of  the  floor  of  the  mouth  in  the 
interval  between  the  mylohyoid  and  hyoglossus  muscles  and  beneath  the  duct  of 
the  submaxillary  gland.  It  sweeps  forwards  and  inwards  to  the  side  of  the 
tongue,  to  the  mucous  membrane  over  the  anterior  two-thirds  of  which  it  is 
distributed. 

Two  nerves  communicate  with  the  lingual  nerve  in  its  course  to  the  tongue : — 

(1)  The  chorda  tympani  branch  of  the  facial  nerve  joins  it  beneath  the  external 
pterygoid  muscle,  and  is  incorporated  with  it  in  its  distribution -to  the  tongue. 

(2)  The  hypoglossal  nerve  forms  larger  or  smaller  loops  of  communication  with 
the  lingual  nerve  as  they  course  forwards  together  over  the  hyoglossus  muscle. 

Besides  supplying  the  aforesaid  branches  to  the  mucous  membrane  over  the 
sides  and  dorsum  of  the  tongue  in  its  anterior  two-thirds,  the  lingual  nerve  supplies 
the  mucous  membrane  of  the  outer  wall  and  floor  of  the  mouth.  It  also  assists, 
along  with  the  chorda  tympani  nerve,  in  forming  the  roots  of  the  submaxillary 
ganglion. 

The  submaxillary  ganglion  (ganglion  submaxillare)  is  a  minute  reddish 
ganglion  placed  on  the  hyoglossus  muscle,  between  the  lingual  nerve  and  the 
duct  of  the  submaxillary  gland.  It  is  suspended  from  the  former  by  two  trunks, 
consisting  for  the  most  part  of  fibres  of  the  lingual  and  chorda  tympani  nerves 
which  at  this  point  become  separated  from  the  lingual  nerve  and  incorporated  with 
the  ganglion.  The  roots  of  the  ganglion  are — (1)  an  afferent  root,  derived  from 
the  Ungual  nerve  ;  (2)  an  efferent  root,  derived  from  the  chorda  tympani ;  and  (3)  a 
sympathetic  root,  from  the  sympathetic  plexus  upon  the  facial  artery. 

The  branches  from  the  ganglion  are  distributed  to  the  submaxillary  gland  and 
Wharton's  duct,  and  by  fil)res  which  become  reunited  with  the  trunk  of  the  lingual 
nerve,  to  the  sublingual  gland. 

The  inferior  dental  nerve  (n.  alveolaris  inferior)  is  larger  than  the  Hngual 
nerve.  It  passes  from'' beneath  the  lower  border  of  the  external  pterygoid  muscle 
to  reach  the  interval  between  the  ramus  and  internal  lateral  ligament  of  the  lower 
jaw.  Entering  the  inferior  dental  canal  through  the  inferior  dental  foramen,  it 
traverses  the  substance  of  the  ramus  and  body  of  the  lower  jaw,  distributing 
branches  in  its  course  to  the  teeth.  A  fine  plexus  is  formed  by  the  dental  branches 
before  they  finally  supply  the  teeth. 

Branches  and  Communications. — (1)  The  mylohyoid  nerve  is  a  small  branch 
arising  just  before  the  inferior  dental  nerve  passes  through  the  inferior  dental 
foramen.  Grooving  the  ramus  of  the  jaw  in  its  course,  it  descends  into  the 
submaxillary  triangle  on  the  superficial  aspect  of  the  mylohyoid  mi;scle.  Concealed 
in  this  situation  l^y  the  submaxillary  gland  and  the  facial  artery,  it  is  distributed 
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to  the  mylohyoid  and  anterior  belly  of  the  digastric  miiscles.  (2)  The  mental 
branch  of  the  inferior  dental  nerve  is  a  trunk  of  considerable  size  arising  from  the 

o 

main  nerve  in  the  inferior  dental  canal.  It  emerges  from  the  lower  jaw  through 
the  mental  foramen,  and  is  distributed  ))y  many  branches  to  the  chin  and  lower 
lip.  It  communicates  lieneath  the  facial  muscles  with  the  supra-mandilnilar 
Ijrauches  of  the  facial  nerve  (Eig.  458,  p.  637).  (3)  The  incisor  branch  is  the  terminal 
part  of  the  inferior  dental  nerve  remaining  after  the  origin  of  the  mental  ))ranch. 
It  supplies  the  incisor  and  canine  teeth. 

The  otic  ganglion  (g.  oticum)  is  situated  beneath  the  inferior  maxillary  nerve 
just  below  the  foramen  ovale.  Like  the  other  ganglia  descriljed  above,  it  possesses 
three  roots  : — (1)  A  motor  root,  derived  from  the  nerve  to  the  internal  pterygoid 
muscle ;  (2)  a  sensory  root,  formed  by  the  small  superficial  petrosal  nerve  from  the 
tympanic  plexus  (through  which  communications  are  effected  with  the  tympanic 
branch  of  the  glosso-pharyngeal  nerve,  and  a  branch  from  the  geniculate  ganglion 
of  the  facial  nerve) ;  (3)  a  sympathetic  root,  from  the  plexus  on  the  middle 
meningeal  artery  (Fig.  462). 

Eive  Itranches  arise  from  the  ganglion — three  communicating  and  two  motor 
branches.  The  three  communicating  nerves  are  fine  branches  which  join  respectively 
the  vidian  nerve,  the  roots  of  the  auriculo-temporal,  and  the  chorda  tympani 
nerve.  The  two  motor  nerves  supply  the  tensor  tympani  and  tensor  palati 
muscles. 

Summary. — The  ti-igeniinal,  the  largest  and  most  complex  of  the  cranial  nerves,  is  (1)  the 
chief  sensory  nerve  for  the  face,  the  anterior  half  of  the  scalp,  the  orbit  and  eyeljall,  the  nose  and 
nasal  cavity,  the  lips,  teeth,  moutli,  and  two-thirds  of  the  tongue  ;  (2)  the  motor  fibres  of  the 
nerve  supply  the  muscles  of  mastication,  the  mylohyoid  and  anterior  belly  of  the  digastric, 
possibly  the  levator  palati  and  azygos  uvulae  (through  Meckel's  ganglion),  and  the  tensor  tympani 
and  tensor  palati  muscles  (through  the  otic  ganglion) ;  (3)  through  the  ganglia  placed  on  the 
three  divisions  of  the  nerve,  not  only  are  important  organs,  areas,  and  muscles  inner^-ated,  but 
communications  are  also  effected  with  the  sympathetic  system,  with  the  third  nerve  (lenticular 
ganglion),  facial  nerve  (spheno -palatine  and  otic  ganglia),  and  glosso-pharyngeal  nerve  (otic 
ganglion). 

In  its  distrilnition  to  the  skin  of  the  face  the  branches  of  the  fifth  nerve  present  two  striking 
peculiarities  : — (1)  While  the  branches  to  the  skin  reach  the  surface  at  many  points  and  in 
diverse  ways,  the  three  main  divisions  are  severally,  by  their  branches,  responsible  for  the  supply 
of  three  clearly  demarcated  cutaneous  areas.  (2)  By  numerous  communications  with  the  facial 
nerve,  sensory  fibres  are  given  to  the  muscles  of  expression  supplied  by  the  facial  nerve. 

The  Sixth  or  Abducent  Nerve. 

The  aljducent  nerve  (n.  abducens)  issues  from  the  brain  at  the  lower  l)order  of 
the  pons  Varolii,  just  above  the  pyramid  of  the  medulla  oblongata  (for  deep  origin, 
see  p.  484).  It  is  directed  forwards,  and  pierces  the  dura  mater  of  the  posterior 
fossa  of  the  base  of  the  skull  alongside  the  dorsum  sellse  (Fig.  457,  p.  636).  It 
then  occupies  the  inner  wall  of  the  cavernous  sinus,  and"  is  placed  on  the  outer 
side  of  the  internal  carotid  artery.  It  passes  through  the  sphenoidal  fissure  below 
the  third  and  nasal  nerves  and  between  the  two  heads  of  the  external  rectus 
muscle  (Fig.  455,  p.  635).  In  the  cavity  of  the  orbit  it  supplies  the  external 
rectus  muscle  on  its  inner  (ocular)  surface. 

Communications. — In  the  wall  of  the  cavernous  sinus  the  sixth  nerve  receives  two 
eomuuuiicating  filaments  : — (1)  From  the  carotid  plexus  of  the  sympathetic,  and  (2)  from 
the  oplithalmic  division  of  the  trigeminal  nerve. 

The  Seventh  or  Facial  Nerve. 

The  facial  nerve  (n.  facialis)  emerges  from  the  brain  at  the  posterior  ijorder  of 
the  pons  Varolii,  l)elow  the  trigeminal  nerve  aud  internal  to  the  auditory  nerve  (for 
deep  origin,  see  p.  482).  Between  it  and  the  latter  nerve  is  the  minute  pars  intermedia 
of  Wrisberg  (Fig.  452,  p.  633).  The  nerve  passes  outwards  through  the  internal 
auditory  meatus,  courses  through  the  aqueduct  of  Fallopius  i]i  the  petrous  portion 
of  the  temporal  lione,  emerges  in  the  base  of-the  skull  liy  the  stylo-mastoid  foramen, 
and  passes  forwards  through  the  parotid  gland  to  supply  the  muscles  of  the  face. 
Ill  the  internal  auditory  meatus  the  nerve  is  placed  upon  the  auditory  nerve,  the 
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pars  intermedia  intervening.  In  the  aqueduct  of  Fallopius  the  nerve  first  passes 
Ijackwards  on  the  inner  side  of  the  tympanum,  and  then  downwards  behind  the 
tympanum,  in  the  inner  wall  of  the  tympanic  antrum.  In  the  parotid  gland 
the  nerve  crosses  superficially  the  external 
carotid  artery  and  the  temporo-maxillary 
vein.  On  the  face  its  branches  radiate  from 
the  anterior  border  of  the  parotid  gland  and 
enter  the  deep  surface  of  the  facial  muscles. 

Branches  and  Communications. — (i.)  In  the 
internal  auditory  meatus  the  pars  inter- 
media (n.  intermedins),  lying  between  the 
facial  and  auditory  nerves,  sends  communi-;?  vnj 
eating  branches  to  both.  The  branch  to 
the  auditory  nerve  probably  separates  from 
it  again  to  join  the  geniculate  ganglion  of 
the  facial  nerve. 

(ii.)  In  the  aqueduct  of  Fallopius  the 
geniculate  ganglion  (g.  geniculi)  is  formed  at 
the  point  where  the  facial  nerve  bends  back- 
wards (geniculum  n.  facialis).  It  is  an  oval 
swelling  on  the  nerve,  and  is  joined  by  a 
branch  from  the  upper  (vestibular)  trunk  of 
the  auditory  nerve,  by  which  it  probably 
receives  fibres  of  the  pars  intermedia.  From 
the  ganglion  three  small  nerves  arise  : — 
(1)  The  large  superficial  petrosal  nerve  passes 
forwards  through  the  hiatus  Fallopii  to  the 

middle  fossa  of  the  base  of  the  skull.     On   VII,  Facial  nerve;  P.I,  Pars  mtennedia  ;  VHI, 

the  upper  surface  of  the  foramen  lacerum 
medium  it  is  joined  by  the  great  deep  petrosal 
nerve  from  the  sympathetic  plexus  on  the 
internal  carotid  artery  to  form  the  vidian 
nerve,  which,  after  traversing  the  vidian 
canal,  ends  in  Meckel's  ganglion.  (2)  A 
minute  nerve  pierces  the  temporal  bone 
and  joins  the  tympanic  branch  of  the  glosso- 
pharyngeal in  the  substance  of  the  bone. 
By  their  union  the  small  superficial  petrosal 
nerve  is  formed,  which  pierces  the  temporal 
l)Oue  and  ends  in  the  otic  ganglion.  (3) 
The  external  superficial  petrosal  nerve  is  a 
minute  inconstant  branch  which  joins  the 
sympathetic  plexus  on  the  middle  meningeal 
artery. 

In  the  course  of  the  facial  nerve  in  the  lower  part  of  the  aqueduct  of  Fallopius, 
behind  the  tympanum,  three  branches  arise — (1)  The  small  nerve  to  the  stapedius 
muscle,  which  passes  forwards  to  the  tympanum.  (2)  The  chorda  tympani  nerve 
(probably  associated  with  the  pars  intermedia),  which  enters  the  tympanic 
cavity  through  the  iter  chordm  posterius,  passes  over  the  membrana  tympani  and 
the  handle  of  the  malleus,  and  leaves  the  cavity  through  the  iter  chordce  cmterius 
to  reach  the  pterygoid  region.  Beneath  the  external  pterygoid  muscle  it  becomes 
incorporated  with  the  lingual  branch  of  the  inferior  maxillary  nerve,  and  in  its 
further  course  is  inseparable  from  that  nerve.  It  supplies  a  root  to  the  sub- 
maxillary ganglion,  and  is  finally  distributed  (probably  as  the  nerve  of  taste)  to 
the  side  and  dorsum  of  the  tongue  in  its  anterior  two-thirds.  The  chorda  tympani 
nerve  receives  beneath  the  external  pterygoid  muscle  a  fine  communication  from 
the  otic  ganglion.  (3)  Before  it  leaves  the  aqueduct  of  Fallopius  a  fine  com- 
municating branch  arises  from  the  facial  nerve  to  join  the  auricidar  branch  of  the 
pneumogastric  nerve. 


Fig.  463.  —  The  Facial  Nerve  with  its 
Branches  and  Communications  in  the 
Aqueduct  op  Fallopius. 


Auditory  nerve  ;  Aq.Fal,  Aqueduct  of  Fallo- 
piu.s  ;  G.G,  Geniculate  ganglion  ;  B.S.P,  Ex- 
ternal superficial  petrosal  nerve  ;  M.M,  Middle 
meningeal  artery  ;  G.S.P,  Great  superficial 
petrosal  nerve:  G.P. D,  Great  deep  petrosal 
nei've  ;  I.C,  Internal  carotid  artery  ;  Vid, 
Vidian  nerve  ;  M.G,  Meckel's  ganglion  ;  Ty.Pl, 
Tympanic  plexus  ;  S.D.P,  Small  deep  petrosal 
nerve  ;  G.Ph,  Glosso-pharyngeal  nerve  ;  Ty, 
Tympanic  branch  ;  S.S.P,  Small  superficial 
petrosal  nerve  ;  O.G,  Otic  ganglion  ;  Stap, 
Nerve  to  stapedius  ;  C.T,  Chorda  tympani 
nerve  ;  L,  Lingual  nerve ;  A. Va,  Communication 
vt'ith  auricular  branch  of  vagus  ;  P.A,  Posterior 
auricular  nerve  ;  Sty.hy,  Nerve  to  stylo-hyoid  ; 
Di,  Nerve  to  digastric  (posterior  belly)  ;  T.  F, 
Temporo  -  facial  division  ;  C.F,  Cervico- facial 
division  ;  T,  Temporal  ;  M,  Malar ;  1.0,  Infra- 
orbital ;  B,  Buccal  ;  S.M,  Supra-mandibular, 
and  I.M,  Infra-mandibular  branches. 
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iii.  In  the  nech  the  facial  nerve  gives  off  three  muscular  branches :  (1)  and  (2) 
small  branches  supply  the  stylo-hjoid  and  the  ]30sterior  belly  of  the  digastric,  the 
latter  nerve  sometimes  communicating  with  the  glosso-pharyngeal.  (3)  The 
posterior  auricular  nerve  liends  backwards  and  upwards  over  the  anterior  border  of 
the  mastoid  process  along  with  the  posterior  auricular  artery.    It  divides  into  two 

branches — an  auricular  branch  for  the 
retrahens  aurem  and  the  intrinsic 
muscles  of  the  pinna,  and  an  occipital 
branch  for  the  posterior  belly  of  the 
occipito-frontalis  muscle.  The  posterior 
auricular  nerve  communicates  with  the 
great  auricular,  small  occipital,  and 
auricular  branch  of  the  pueumogasta'ic 
nerves  in  its  course. 

iv.  In  the  parotid  gland  the  facial 
nerve  spreads  out  in  an  irregular  series 
of  branches  (pes  anserinus),  indefinitely 
divided  into  a  temporo-iacial  and  a 
cervico- facial  division.  Communica- 
tions occur  in  tlie  substance  of  the 
gland  between  the  main  trunks  and 
the  great  auricular  and  auriculo- 
temporal nerves. 

The  temporo-facial  division  gives 
off  three  series  of  suljordinate  branches 
which  radiate  forwards  and  upwards 
from  the  parotid  gland. 

1.  The  temporal  branches  ;i,re  of 
large  size,  and,  sweeping  out  of  the 
parotid  gland  over  the  zygomatic  arch, 
are  distributed  to  tlie  orbicularis  palpe- 
brarum, frontalis,  corrugator  supercilii, 
attrahens,  and  attolleus  aurem.  The 
temporaL  branches  communica,te  in 
their' tbfirse  with  the  aAiifeiil<>^£einp(»3l 
(of  the  superior  maxillary),  laclirymal, 
and  supra-orbital  branches  of  the  tri- 
geminal nerve. 
2 


Fio.  464. — Distribution  of  F.\ci.\l  Nerve  outside 
THE  Skull,  and  Communications  with  Trigeminal 
Nerve  on  the  Face. 

Facial  nerve. — P.  A,  Posterior  auricular  nerve  ;  S.  H, 
Nerve  to  .stylohyoid  ;  Di,  Nerve  to  diga.stric  (posterior 
belly)  ;  T.F,  Temporo-facial  ilivisiou  ;  T,  Temporal  ; 
M,  Malar  ;  I.O,  Infra-orbital  branches  ;  C.F,  Cervico- 
faoinl  division  ;  B,  Buccal  ;  Sni,  Supra-mandibular  ; 
Ini,  Infra-mandibular  branches. 

Trigeminal  nerve. — Ophth,  Ophthalmic  division  ;  S.O, 
Supra  -  orbital  ;  I.T,  Infra  -  trochlear  ;  N,  External 
nasal  ;  L,  Lachrymal  branches.  Sup.Max,  Superior 
maxillary  division;  T,  Temporal;  M,  Malar;  I.O, 
Infra-orbital  branches.  Inf.Max,  Inferior  maxillary 
division  ;  A.T,  Auriculo-temporal  ;  B,  Buccal  ;  M, 
Mental  branches  ;  S.C,  Superficial  cervical  nerve. 


The  malar  branches  are  small, 
and  sometimes  are  inseparable  from  the 
temporal  or  infra-orbital  nerves.  Ex- 
tending forwards  across  the  malar  Ijone, 
they  supply  the  orbicularis  palpebrarum 
and  zygomatic  muscles,  and  communicate  with  the  malar  branch  of  the  superior 
maxillary  nerve. 

3.  The  infra-orbital  branches  are  of  considerable  size.  Passing  forwards  over 
the  masseter  muscle  in  company  with  Stenson's  duct,  they  supply  the  orbicularis 
palpebrarum,  the  zygomatici,  Ituccinator,  and  the  muscles  of  the  nose  and  upper 
lip.  The  infra-orbital  plexus  is  formed  by  the  union  of  these  nerves  with  the  infra- 
orbital Ijranch  of  the  superior  maxillary  nerve  below  the  lower  eyelid.  Smaller 
communications  occur  with  the  infra-trochlear  and  nasal  nerves  on  the  side  of 
the  nose. 

The  cervico-facial  division  of  the  facial  nerve  also  supplies  three  series  of 
secondary  branches. 

1.  The  buccal  branch  (or  Ijranches)  extends  forwards  to  the  angle  of  the  mouth 
to  supply  the  muscles  converging  to  the  mouth,  including  the  buccinator.  It 
communicates  with  the  buccal  branch  of  the  inferior  maxillary  nerve  in  front  of 
the  anterior  border  of  the  masseter  muscle. 

2.  The  supra-mandibular  branch  passes  along  the  lower  jaw  to  the  interval 
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between  the  lower  lip  and  chin,  and  supplies  the  depressor  anguli  oris,  depressor 
labii  inferioris,  and  orbicularis  oris.  It  communicates  with  the  mental  l^ranch  of 
the  inferior  dental  nerve. 

"  3.  The  infra-mandibular  branch  emerges  from  the  parotid  gland  near  its  lower 
end,  and  sweeps  forwards  below  the  angle  of  the  jaw  to  the  front  of  the  neck.  It 
supplies  the  platysma  myoides,  and  forms  loops  of  communication  with  the  super- 
ficial cervical  nerve  from  the  cervical  plexus. 


The  Eighth  or  Auditory  Nerve. 

The  auditory  nerve  (n.  acusticus)  arises  from  the  brain  by  two  roots,  mesial  and 
lateral.  The  mesial  root  (radix  vestibularis)  emerges  between  the  olive  and  the 
restiform  body.  The  lateral  root  (radix  cochlearis),  continuous  through  the  cochlear 
nucleus  with  the  striae  acusticaj  of  the  fourth  ventricle,  winds  round  the  outer  side 
of  the  restiform  body  (for  deep  connexions,  see  p.  480).  The  two  roots  become 
incorporated  to  form  the  trunk  of  tbe  nerve,  which  is  attached  to  the  brain  on  the 
outer  side  of  the  facial  nerve  and  pars  intermedia  at  the  posterior  border  of  the 
pons  Varolii  (Fig.  452,  p.  633). 

The  nerve  extends  outwards  through  the  internal  auditory  meatus,  lying  beneath 
the  facial  nerve  and  pars  intermedia  (Fig.  457,  p.  636).  In  the  meatus  its  two  com- 
ponent parts  separate  from  „o.ne  another, 
forming  a  superior  pxj  vestibular  trunk 
continuous  with  the  ife^ial  root,  and  an 
inferior  or  eeehlear  trunk  continuous  with 
the  lateral  root.  These  trunks  again  sub- 
divide, and  piercing  the  lamina  cribrosa, 
supply  the  several  parts  of  the  labyrinth. 

The  su^erier  or  vestibular  trunk  (n. 
vestibuli)  iii  the  internal  auditory  meatus 
usually  receives  fibres  from  the  imrs 
intermedia,  and  gives  off  a  communicat- 
ing liranch  to  the  geniculate  ganglion  of 
the  facial  nerve.  It^en  separates  into 
three  terminal  branches  which  pierce 
the  lamina  cribrosa  and  supply  (1)  the 
macula  acustica  of  the  utricle,  and  the 
ampullar  of  (2)  the  superior  and  (3)  ex- 
ternal semicircular  canals. 

The  inferior  or  cochlear  trunk  (n.  cochlese)  gives  off  branches  (1)  to  the 
macula  acustica  of  the  saccule,  (2)  to  the  ampulla  of  the  posterior  semicircular  canal, 
and  (3)  is  continued  through  the  lamina  cribrosa  to  the  labyrinth  as  the  cochlear 
nerve,  which  is  distributed  through  the  modiolus  and  osseous  spiral  lamina  to  the 
organ  of  Corti  in  the  cochlea. 

Both  the  vestibular  and  cochlear  nerves  contain  among  their  fibres  collections  of 
nerve  cells,  forming  in  each  nerve  a  distinct  ganglion — the  vestibular  ganglion  (g.  vesti- 
bulare)  on  the  vestibular  trunk,  and  the  spiral  ganglion  of  the  cochlea  (g.  spii-ale)  on  the 
cochlear  trunk. 

Tfts  Ninth  or  Glosso-pharyngeal  Nerve. 

The  glosso-pharyngeal  nerve  (n.  glosso-pharyngeus)  (Fig.  452,  p.  633)  arises  from 
the  brain  by  five  or  six  fine  radicles  which  emerge  from  the  medulla  oblongata  between 
the  olive  and  the  restiform  body,  close  to  the  facial  nerve  above,  and  in  series  with 
the  roots  of  the  pneumogastric  nerve  below  (for  deep  connexions,  see  p.  478).  The 
rootlets  combine  to  form  a  nerve  which  extends  outwards  to  the  jugular  foramen, 
through  which  it  passes,  along  with  the  pneumogastric  and  spinal  accessory  nerves, 
but  enveloped  in  a  separate  sheath  of  dura  mater  (Fig.  457,  p.  636).  Eeaching  the 
neck,  the  nerve  arches  downwards  and  forwards  to  the  interval  between  the  hyoid 
bone  and  the  lower  jaw.  It  lies  at  first  between  the  internal  carotid  artery  and 
the  internal  jugular  vein,  and  then  between  the  internal  and  external  carotid 


Fig.  46.5. — Scheme  of  the  Origin  and  Distribution 
OF  THE  Auditory  Nerve. 

Py,  Pyramid  ;  01,  Olive  ;  R.B,  Restiform  body  ;  A.St, 
Strife  aciistioEe  ;  Do,  Dorsal  nucleus  ;  G,  Lateral 
cochlear  nucleus  ;  Ve,  Ventral  nucleus  ;  L.  R, 
Lateral  root,  and  M.R,  Median  root  of  auditory 
nerve  ;  P.  I,  Pars  intermedia  ;  F,  Facial  nerve  ; 
G.  G,  Geniculate  ganglion  ;  Sup,  Superior  (coch- 
lear), and  luf.  Inferior  (vestibular)  branches  of 
auditory  nerve  ;  Co,  Cochlea ;  S,  Saccule  ;  P, 
Posterior  semicircular  canal  ;  e,  External  semi- 
circular canal  ;  S,  Superior  semicircular  canal  ;  U, 
Utricle. 
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arteries,  in  its  course  to  the  side  of  the  pharynx.  It  sweeps  round  the  stylo- 
pharyngeus  muscle  and  the  stylo -hyoid  hganient,  and  disappears  beneath  the 

hyoglossus  muscle,  to  reach  its  ter- 
mination in  the  tongue. 

The  branches  of  the  nerve  may 
1)6  classified  in  three  series,  accord- 
ing to  their  origin — (i.)  in  the 
jugular  foramen  ;  (ii.)  in  the  neck  ; 
(iii.)  in  relation  to  the  tongue. 

In  the  jugular  foramen  there 
are  two  enlargements  upon  the 
trunk  of  the  nerve — the  jugular 
and  petrous  ganglia.  The  jugular 
ganglion  (g.  superius)  is  small,  does 
not  implicate  the  whole  width  of 
the  nerve,  and  may  be  fused  with 
the  petrous  ganglion,  or  even  .ab- 
sent altogether.  No  branches  arise 
from  it. 

The  petrous  ganglion  (g.  petro- 
sum)  is  distinct  and  constant.  It 
is  placed  upon  the  nerve  at  the 
lower  part  of  its  course  through  the 
jugular  foramen. 

Branches  and  Communications  of 
the  Petrous  Ganglion. — The  tympanic 
branch  (n.  tympanicus,  Jacobson's 
nerve)  is  the  most  important  offset 
from  this  ganglion.  It  passes 
through  a  small  canal  in  the  })ridge 
of  bone  Ijetween  the  jugular  fora- 
men and  the  carotid  canal  to  reach 
the  cavity  of  the  tympanum,  where 
it  l.)reaks  up  into  branches,  to  form, 
along  with  branches  from  the  carotid 
plexus  of  the  sympathetic  on  the 
internal  carotid  artery  (small  deep 
petrosal  nerve),  the  tympanic  plexus 
for  the  supply  of  the  mucous  lining 
of  the  tympanum,  mastoid  cells,  and 
Eustachian  tube  (Fig.  463,  p.  645). 
The  fibres  of  the  tympanic  Ijranch'of  the'^glosso-pharyngeal  nerve  Vjecome  reunited 
to  form,  by  their  union  with  a  small  nerve  from  the  geniculate  ganglion  of  the  facial 
nerve,  the  small  superficial  petrosal  nerve  in  the  suljstance  of  tlie  temporal  bone.  This 
passes  forwards  through  the  temporal  l)one,  and  eventually  joins  the  otic  ganghon. 

Besides  forming  the  tympanic  branch,  the  petrous  gangliou  of  the  glosso-pharyngeal 
nerve  communicates  with  three  other  nerves — (1)  with  the  superior  cervical  ganglion  of 
the  sj^mpathetic ;  (2)  with  the  auricular  branch  of  the  pneuraogastric  ;  and  (3)  sometimes 
with  the  gangliou  of  the  root  of  the  pneumogasti'ic. 

« . 

In  the  neck  the  glosso-pharyngeal  nerve  gives  off  two  branches.  (1)  As  it 
crosses  over  the  stylo  -  pharyngeus  muscle  it  supplies  the  nerve  to  that  muscle, 
which  sends  fibres  through  it  to  reach  the  mucous  membrane  of  the  pharynx.  (2) 
The  pharyngeal  branches  of  the  nerve  supply  the  mucous  membrane  of  the  pharynx 
directly,  after  piercing  the  superior  constrictor  muscle,  and  indirectly,  after  joining, 
along  with  the  pharyngeal  offsets  from  the  pneumogastric  and  the  superior  cervical 
ganglion  of  the  sympathetic,  in  the  formation  of  the  pharyngeal  plexus. 

The  terminal  branches  of  the  nerve  supply  the  mucous  membrane  of  the 
tongue  and  adjacent  parts.    A  tonsillitic  branch  forms  a  plexus  (circulus  tonsillarisj 


Fic.  466. — Scheme  ok  the  Distribution  of  the  GLf)Sso- 

PHARYNGEAL  NERVE. 

G.Ph,  Glosso-pharyngeal  nerve  ;  J,  Jugular,  and  P,  Petrous 
ganglia  ;  Ty,  Tympanic  branch  (Jacobson's  nerve)  : 
Ty.Plex,  Tympanic  plexus  ;  Fa,  Root  from  geniculate 
ganglion  of  facial  nerve  ;  S.S.P,  Small  superficial  petrosal 
nerve  to  the  otic  ganglion  ;  S.D.P,  Small  deep  petrosal 
nerve  ;  I.C,  Internal  carotid  artery  ;  Va,  Pneumogastric 
nerve  ;  Aur,  Auricular  branch  (Arnold's  nerve)  ;  Sy, 
Superior  cervical  sympathetic  ganglion  ;  F,  Communi- 
cating Ijranch  to  facial  nerve  ;  Ph,  Pharyngeal  branch  of 
vagus  ;  E.C,  External  carotid  artery  ;  Ph.Pl,  Pharyngeal 
plexus;  S.Ph,  Stylo-pharyngeus  muscle;  S.H.L,  Stylo- 
hyoid ligament  ;  H.G,  Hyo-glossus  ;  S.G,  Stylo-glossus  : 
Ton,  Tonsil ;  S.Pal,  Soft  palate  ;  G.H.G/Genio-hyoglossus  ; 
G.H,  Genio-hyoid  ;  Hy,  Hyoid  bone. 
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to  supply  the  mucous  meml)raue 
covering  the  tonsil,  the  adjacent 
part  of  the  soft  palate,  and  the 
pillars  of  the  fauces.  Lingual 
branches  supply  the  mucous  meni- 
Ijrane  of  the  dorsal  third  and 
lateral  half  of  the  tongue,  extend- 
ing backwards  to  the  glosso-epi- 
glottidean  folds  and  the  front  of 
the  epiglottis. 

The  Tenth  or  Pneumogastric 
Nerve. 

The  pneumogastric  or  vagus 
nerve  (n.  vagus)  arises  from  the 
brain  by  numerous  radicles  at- 
tached to  the  front  of  the  resti- 
form  body  of  the  medulla  ol)- 
longata,  in  series  with  the  glosso- 
pharyngeal nerve  al)ove  and  the 
spinal  accessory  nerve  below  it 
(for  deep  connexions,  see  p.  478). 
Uniting  to  form  a  single  trunk, 


the  roots  of  the  nerve  pass  out- 
wards to  the  jugular  foramen, 
through  which  they  emerge  into 
the  neck. 

In  the  jugular  foramen  the 
nerve  occupies  the  same  sheath  of 
dura  mater  as  the  spinal  accessory 
nerve,  and  is  placed  behind  the 
glosso- pharyngeal  nerve.  Two 
ganglia  are  present  on  the  trunk 
in  this  situation.  The  higher  and 
smaller  is  the  ganglion  of  the  root 
(g.  jugulare)  ;  the  lower  and  larger 
is  the  ganglion  of  the  trunk  of  the 
nerve  (g.  nodosum). 

In  the  neck  the  pneumogastric 
nerve  pursues  a  vertical  course  in 
front  of  the  spinal  column.  It 
occupies  the  carotid  sheath,  lying 
between  and  behind  the  internal 
and  common  carotid  arteries  and 
the  internal  jugular  vein.  It  enters 
the  thorax  behind  the  large  veins  : 
071  the  right  side,  after  crossing 
over  the  subclavian  artery  ;  on  the 
left  side,  in  the  interval  between  Pi«.  467.— The  Distribution  of  the  Pneumogastric  Nerve. 

the  left  common  carotid  and  SuIj-   Va.R,  Va.L,  Right  and  left  vagi  ;  r,  Ganglion  of  the  root  and 

connexions  with  Sy,  Sympathetic,  superior  cervical  gang- 
lion ;    G.Ph,  Glosso  -  pharyngeal  ;  Acc,  Spinal  accessory 
nerve  ;  ni,  Meningeal  branch  :  Aur,  Auricular  branch  ;  t. 
Ganglion  of  the  trunk  and  connexions  witli  Hy,  Hypo- 
glossal nerve  ;  01,  02,  Loop  between  the  first  two  cervical 
nerves  ;  Sy,  Sympathetic  ;  Acc,  Spinal  accessory  nerve  ;  Ph,  Pharyngeal  branch  ;  Ph.Pl,  Pharyngeal  plexus  ; 
S.L,  Superior  laryngeal  nerve;  I.L,  Internal  laryngeal  branch;  E. L,  External  laryngeal  branch;  I.C, 
Internal,  and  E.O,  External  carotid  arteries  ;  Oal,  Superior  cervical  cardiac  branch  ;  Ca2,  Inferior  cervical 
cardiac  branch  ;  R.L,  Recurrent  laryngeal  nerve  ;  OaS,  Oardiac  branches  from  recurrent  laryngeal  nerves  ; 
Ca4,  Thoracic  cardiac  branch  (right  vagus)  ;  A.P.Pl,  Anterior,  and  P.P.Pl,  Posterior  pulmonary  plexuses  ; 
Oes.Pl,  Esophageal  plexus  ;  Gast.R,  and  Gast.L,  Gastric  branches  of  vagus  (right  and  left)  ;  Coe.Pl, 
Coeliac  plexus  ;  Hep. PI,  Hepatic  plexus  ;  Spl.Pl,  Splenic  plexus  ;  Ren.  PI,  Renal  plexus. 


claviaii  arteries. 

In  the  thorax  the  nerves  occupy 
the  superior  and  posterior  media- 
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stiual  spaces,  and  their  relations  are  diti'erent  on  the  two  sides,  (a)  In  the  superior 
mediasfimim  the  right  nerve  continues  its  course  alongside  the  innominate  artery  and 
the  trachea,  and  behind  the  right  innominate  vein  and  superior  vena  cava,  to  the 
back  of  the  root  of  the  lung.  The  left  nerve  courses  downwards  between  the  left 
common  carotid  and  subclavian  arteries,  and  behind  the  left  innominate  vein  and 
the  phrenic  nerve.  It  passes  over  the  aortic  arch,  and  then  proceeds  to  the  back 
of  the  root  of  the  left  lung.  (&)  In  the  posterior  mediastinum  the  pneumogastric 
nerves  are  concerned  in  the  formation  of  two  great  plexuses — the  pulmonary  and 
the  oesophageal.  Behind  the  root  of  each  lung  the  nerve  breaks  up  to  form  the  large 
posterior  pulmonary  plexus,  from  the  lower  end  of  which  two  nerves  emerge  on  each 
side.  These  nerves  on  the  right  side  pass  obliquely  over  the  vena  azygos  major ; 
on  the  left  side  they  cross  the  thoracic  aorta.  Both  series  reach  the  cesophagus, 
and  divide  into  small  anastomosing  Ijranches  which  form  the  oesophageal  plexus.  At 
the  CESophageal  opening  of  the  diaphragm  the  two  nerves  become  separated  from 
the  plexus,  and  entering  the  abdomen — the  left  nerve  in  front  of  the  oesophagus, 
the  right  nerve  behind  it — they  terminate  by  supplying  the  stomach  and  other 
abdominal  organs. 

The  communications  and  branches  of  the  pneumogastric  nerve  may  be  described 
as  (i.)  ganglionic,  (ii.)  cervical,  (iii.)  thoracic,  and  (iv.)  abdominal  (Fig.  467). 

The  ganglion  of  the  root  (g.  jugulare)  is  small  and  spherical.  It  occupies 
the  jugndar  foramen,  and  gives  off  two  Ijranches — meningeal  and  auricular. 

The  meningeal  branch  passes  backwards  to  supply  the  dura  mater  of  the  posterior 
fossa  of  the  1  lase  of  the  skull. 

The  auricular  branch  (Arnold's  nerve)  ascends  to  the  ear  in  a  fissure  between  the 
jugular  and  stylo-mastoid  foramina.  It  receives  near  its  origin  a  twig  from  the 
tympanic  l)ranch  of  the  glosso-pharyngeal  nerve,  and  usually  communicates  with 
the  facial  nerve  by  a  branch  arising  from  the  latter  in  the  aqueduct  of  Fallopius. 
The  nerve  is  distributed  to  the  back  of  the  pinna  and  the  external  auditory  meatus, 
and  communicates  superficially  with  the  posterior  auricular  nerve. 

Communications. — Besides  supplying  the  meniiig'cal  and  auricular  branches,  the 
ganglion  of  the  root  of  the  pneiunogasti'ic  nerve  receives  communications  from  (1)  the 
superior  cervical  ganglion  of  the  sympathetic  ;  (2)  the  spinal  accessory  nerve  ;  and  (3)  the 
petrous  ganglion  of  the  glosso-pharyngeal  nerve  (sometimes). 

The  ganglion  of  the  trunk  of  the  nerve  (g.  nodosum),  placed  immediately 
below  the  preceding,  is  large  and  fusiform.  Like  the  previous  ganglion,  it  supplies 
two  branches — the  pharyngeal  and  superior  laryngeal  nerves. 

The  pharyngeal  branch  receives  its  fibres  (through  the  ganglion)  from  the  spinal 
accessory  nerve.  It  passes  ol)liqixely  downwards  and  inwards  to  the  pharynx 
between  the  internal  and  external  carotid  arteries,  and  combines  with  the  pharyn- 
geal nerves  from  the  glosso-pharyngeal  and  superior  cervical  ganglion  of  the 
sympathetic  to  form  the  pharyngeal  plexus.  From  this  plexus  the  muscles  of  the 
pharynx  and  soft  palate  (except  the  stylo -pharyngeus  and  tensor  palati)  are 
supplied.  The  lingual  branch  is  a  small  nerve  which  separates  itself  from  the 
plexus  and  joins  the  hypoglossal  nerve  in  the  anterior  triangle  of  the  neck. 

The  superior  laryngeal  nerve  (n.  laryngeus  superior)  passes  obliquely  down- 
wards and  inwards,  l)ehind  the  external  and  internal  carotid  arteries,  towards  the 
thyroid  cartilage.  It  divides  in  its  course  into  two  unequal  parts — a  larger  internal 
and  a  smaller  external  laryngeal  nerve. 

The  internal  laryngeal  nerve  (ramus  internus)  passes  inwards  into  the  larynx 
between  the  middle  and  inferior  constrictor  muscles  of  the  pharynx  and  through  the 
thyro-hyoid  membrane.  It  supplies  the  mucous  membrane  of  the  larynx,  reaching 
upwards  to  the  epiglottis  and  base  of  the  tongue,  and  forms  commimications  beneath 
the  ala  of  the  thyroid  cartilage  with  the  branches  of  the  inferior  laryngeal  nerve. 

The  external  laryngeal  nerve  (ramus  externus)  passes  downwards  upon  the 
inferior  constrictor  muscle  of  the  pharynx.  It  supplies  branches  to  that  muscle, 
and  ends  in  the  crico-thyroid  muscle. 

Communications. — Besides  supplying  these  pharyngeal  and  laryngeal  nerves,  the 
ganglion  of  the  trunk  of  the  pneumogastric  has  the  following  communications  with  other 
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nerves:  (1)  with  the  superior  cervical  ganglion  of  the  sympathetic;  (2)  with  the  hypo- 
glossal ;  (3)  with  the  loop  between  the  first  and  second  cervical  nerves ;  and  (4)  with  the 
accessory  part  of  the  spinal  accessory  nerve.  This  part  of  the  nerve  applies  itself  to  the 
ganglion,  and  thereby  supplies  to  the  vagus  nerve  the  inhibitory  fibres  for  the  heart,  as 
well  as  the  motor  fibres  for  the  pharynx,  oesophagus,  stomach  and  intestines,  larynx  and 
respiratory  organs. 

Branches  of  the  Pneumogastric  in  the  Neck.^ — In  the  ueck  the  pneumo- 
gastric  nerve  supphes  cardiac  l:)ranches  and  (on  the  right  side)  the  inferior  or 
recurrent  laryngeal  nerve  (Fig.  467). 

The  cardiac  branches  are  superior  and  inferior.  On  the  right  side  both  cardiac 
branches  pass  downwards  into  the  thorax  behind  the  subclavian  artery,  and  proceed 
alongside  the  trachea  to  join  the  deep  cardiac  plexus.  On  the  left  side  the  two 
nerves  separate  on  reaching  the  thorax.  The  superior  nerve  passes  deeply  along- 
side the  trachea  to  join  the  deep  cardiac  plexus.  The  inferior  nerve  accompanies 
the  pneumogastric  nerve  over  the  aortic  arch,  along  with  the  superior  cervical 
cardiac  branch  of  the  sympathetic,  to  end  in  the  superficial  cardiac  plexus. 

The  right  inferior  laryngeal  nerve  arises  at  the  root  of  the  neck,  as  the 
pneumogastric  nerve  crosses  over  the  first  part  of  the  subclavian  artery.  It  hooks 
round  the  artery,  and  passes  obliquely  upwards  and  inwards  behind  the  subclavian, 
the  common  carotid,  and  the  inferior  thyroid  artery  and  the  thyroid  body.  It  finally 
disappears  beneath  the  lower  border  of  the  inferior  constrictor  muscle,  and  ends 
in  supplying  the  muscles  of  the  larynx.  In  its  course  it  gives  off  the  following 
branches : — 

(1)  Cardiac  branches  arise  as  the  nerve  winds  round  the  subclavian  artery,  and 
course  downwards  alongside  the  trachea  to  end  in  the  deep  cardiac  plexus. 

(2)  Communicating  branches  to  the  inferior  cervical  ganglion  of  the  sympathetic 
arise  from  the  nerve  behind  the  subclavian  artery. 

(3)  Muscular  branches  supply  the  trachea,  oesophagus,  and  the  inferior  constrictor 
of  the  pharynx. 

(4)  Terminal  branches  supply  the  muscles  of  the  larynx  (except  the  crico-thyroid) 
and  communicate  beneath  the  ala  of  the  thyroid  cartilage  with  branches  of  the 
internal  laryngeal  nerve. 

Branches  of  the  Vagus  in  the  Thorax.  —  In  the  thorax  the  pneumo- 
gastric nerve  forms  the  great  pulmonary  and  esophageal  plexuses.  The  right 
nerve,  in  addition,  furnishes  cardiac  branches ;  and  the  left  nerve  gives  off  the 
inferior  or  recurrent  laryngeal  nerve. 

The  left  inferior  laryngeal  nerve  differs  from  the  nerve  of  the  right  side  only 
in  its  point  of  origin  and  in  the  early  part  of  its  course.  It  springs  from  the 
pneumogastric  nerve  as  it  crosses  the  aortic  arch,  and,  after  hooking  round  the 
arch  external  to  the  ligamentum  arteriosurii,  it  passes  upwards  in  the  superior 
mediastinum  in  the  interval  between  the  trachea  and  oesophagus  to  the  neck.  In 
the  neck  its  course  and  relations  are  similar  to  those  of  the  nerve  of  the  right  side. 
The  l)ranches  of  the  nerve  are  the  same  as  those  of  the  right  nerve.  The  cardiac 
branches  are  larger,  and,  arising  below  the  aortic  arch,  proceed  to  the  deep  cardiac 
plexTis. 

Cardiac  branches  from  the  right  pneumogastric  nerve  arise  in  the  superior 
mediastinum,  and  pass  downwards  alongside  the  trachea  to  join  the  deep  cardiac 
plexus.  On  the  right  side  thoracic  cardiac  branches  are  thus  supplied  from  both 
the  trunk  of  the  nerve  and  its  recurrent  branch  ;  on  the  left  side  the  cardiac  branches 
in  the  thorax  arise  solely  from  the  recurrent  branch. 

Abdominal  Branches. — After  the  formation  of  the  oesophageal  plexus  the 
two  pneumogastric  nerves  resume  their  course,  and  passing  along  with  the  gullet 
through  the  diaphragm,  terminate  by  supplying  the  stomach.  The  right  nerve 
enters  the  abdominal  cavity  behind  the  gullet,  and  is  distributed  to  the  posterior 
surface  of  the  stomach.  It  sends  communicating  offsets  to  the  cceliac,  splenic,  and 
renal  plexuses.  The  left  nerve  applies  itself  to  the  anterior  surface  and  lesser  cur- 
vature of  the  stomach,  to  which  it  is  distributed.  It  sends  communicating  offsets 
along  the  lesser  curvature  of  the  stomach  to  the  right  pneumogastric,  and  between 
the  layers  of  the  small  omentum  to  the  hepatic  plexus. 


652 


THE  NERVOUS  SYSTEM. 


The  Thoracic  Plexuses. 


OaM 


Cardiac  Plexuses. — The  cardiac  branches  of  the  pneumogastric  nerve  (both 
cervical  and  thoracic)  combine  with  the  cervical  cardiac  branches  of  the  sympathetic 
to  form  the  superficial  and  deep  cardiac  plexuses. 

The  superficial  cardiac  plexus  is  placed  in  the  hollow  of  the  aortic  arch, 

superficial  to  the  pericardium.  It  contains  a  small 
ganglion  (ganglion  of  Wrisberg),  and  is  joined  by  two 
small  nerves — (1)  the  cardiac  l»ranch  from  the  superior 
cervical  ganglion  of  the  sympathetic,  and  (2)  the 
inferior  cervical  cardiac  bra.nch  of  the  pneumogastric 
— l)oth  of  the  left  side — wliich  reach  it  after  passing 
over  the  arch  of  the  aorta. 

Branches  and  Communications. — From  the  plexus 
branches  of  communication  pass  (1)  to  the  left  half 
of  the  deep  cardiac  plexus,  between  the  aortic  arch 
and  the  Ijifurcation  of  the  pulmonary  artery ;  (2)  to 
the  left  anterior  pulmonary  plexus  along  the  left 
Ijranch  of  the  pulmonary  artery ;  (3)  the  branches  of 
distriI)ution  to  the  heart  extend  along  the  pulmonary 
artery  to  join  the  anterior  or  right  coronary  plexus, 
which  supplies  the  substance  of  the  heart  in  the  course 
of  the  right  coronary  artery. 

The  deep  cardiac  plexus  is  much  the  larger.  It 
is  placed  l)ehind  the  arch  of  the  aorta,  on  the  sides 
of  the  trachea,  just  above  its  bifurcation.  It  consists 
of  two  lateral  parts,  joined  together  by  numerous  com- 
munications around  the  termination  of  the  trachea. 
The  two  portions  of  the  plexus  are  different  in  their 
constitution  and  distribution.  The  riglit  half  of  the 
plexus  is  joined  by  both  the  cervical  and  thoracic 
l)ranches  of  the  right  pneumogastric  and  l)y  the 
branches  of  the  right  inferior  laryngeal  nerve,  as  well 
as  l)y  branches  from  the  superior,  middle,  and 
inferior  cervical  ganglia  of  the  sympathetic.  The  left 
half  of  tlie  plexus  is  joined  by  the  superior  cervical 
cardiac  branch  of  the  left  pneumogastric,  by  branches 
from  the  left  inferior  laryngeal  nerve,  and  by  branches 
from  the  middle  and  inferior  cervical  ganglia  of  the 
left  sympathetic ;  it  also  receives  a  contribution  from 
the  superficial  cardiac  plexus.  " 

The  deep  cardiac  plexus  is  distributed  to  the 
heart  and  lungs.  The  right  half  of  the  plexus  for 
the  most  part  constitutes  the  anterior  or  right 
coronary  plexus,  reaching  the  heart  alongside  the 
ascending  aorta,  and  is  distributed  to  the  heart  sub- 
stance in  the  course  of  the  right  coronary  artery.  It 
is  reinforced  by  fibres  from  the  superficial  cardiac 
plexus,  which  reach  the  heart  along  the  pulmonary 
artery.  Fibres  from  the  right  half  of  the  deep  cardiac 
plexus  pass  also  to  join  the  posterior  or  left  coronary 
plexus,  and  others  extend  outwards  to  join  the  anterior 
pulmonary  plexus  of  the  right  side. 

The  left  half  of  the  deep  cardiac  plexus,  reinforced 
Ijy  fibres  from  the  superficial  cardiac  plexus,  is  distri- 
Ijuted  to  the  heart  in  the  form  of  the  left  or  posterior 
coronary  plexus,  which  is  joined  by  a  few  fibres  behind 
the  pulmonary  artery  from  the  right  half  of  the  plexus,  and  supplies  the  heart 
substance  in  the  course  of  the  left  coronary  artery.    The  left  half  of  the  plexus 
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Sy,  Cervical  sympathetic  cord  ;  C'.l, 
Superior,  C.2,  Middle,  and  C.3,  In- 
ferior cervical  ganglia  ;  Car.l,  Su- 
perior, Car.  2,  Middle,  and  Car.  3, 
Interior  cervical  cardiac  sympa- 
thetic branches ;  Va,  Pueuniogastric 
nerve  ;  R.L,  Recurrent  laryngeal 
nerve  ;  s,  Superior,  and  i,  Inferior 
cervical  cardiac  branches  of  vagus  ; 
D.C.P,  Deep  cardiac  plexus  ;  S.C.P, 
Superficial  cardiac  jilexus  ;  A.P.  P, 
Anterior  pulmonary  plexus  ;  P.P.P, 
Posterior  pulmonary  plexus  ; 
R.Car.P,  Right,  and  L.Car.P,  Left 
coronary  plexuses  ;  Art.  Pul,  Pul- 
monary artery. 
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contributes  also  to  the  left  anterior 
pulmonary  plexus  hj  tiljres  whicli 
extend  outwards  to  the  root  of 
the  hmg  along  the  left  l)ranch  of 
the  pulmonary  artery. 

Pulmonary  Plexuses.  —  As 
already  stated,  the  pneumogastric 
nerve  on  each  side,  on  reaching 
the  l)ack  of  the  root  of  the  lung, 
breaks  up  into  uumeroiis  plexi- 
form  branches  for  the  formation 
of  the  posterior  pulmonary  plexus. 
From  each  nerve  a  few  fibres  pass 
to  the  front  of  the  root  of  the 
lung,  above  its  upper  l)order,  to 
form  the  much  smaller  anterior 
pulmonary  plexus. 

The  anterior  pulmonary 
plexus  on  each  side  is  joined  l)y 
a  few  fil)res  from  the  corresponding 
part  of  the  deep  cardiac  plexus, 
and  on  the  left  side  from  the 
superficial  cardiac  plexus  as  well. 
It  surrounds  and  supplies  the 
constituents  of  the  root  of  the 
lung  anteriorly. 

The  posterior  pulmonary 
plexus,  placed  Ijehind  the  root  of 
the  lung,  is  formed  l)y  the  greater 
part  of  the  pneumogastric  nerve, 
reinforced  by  fine  branches  from 
the  second,  third,  and  fourth 
thoracic  ganglia  of  the  sympa- 
tlietic.  Numerous  branches  pro- 
ceed from  it  in  a  plexiforni  manner 
along  the  ])ronchi  and  vessels  into 
the  substance  of  the  lung. 

(Esophageal  Plexus  (plexus 
gulai). — The  oesophagus  in  the 
thorax  is  supplied  by  the  pneu- 
mogastric nerve  ])oth  in  the 
superior  and  posterior  media- 
stinum. In  the  superior  media- 
stinum it  receives  branches  from 
the  pneumogastric  nerve  on  the 
right  side,  and  from  its  recurrent 
laryngeal  branch  on  the  left  side. 

'  In  the  posterior  mediastinum 
it  is  surrounded  1  )y  the  oesophageal 
plexus,  formed  from  the  trunks  of 
the  pneumogastric  nerves  emerg- 
ing from  the  posterior  pulmonary 
plexus,  which  form  a  large  plexus 
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Va.R,  Va.L,  Right  and  left  vagi 

connexions  with  Sy,  Sympathetic,  superior  cervical  gang- 
lion ;  G.Ph,  Glosso  -  pharyngeal  ;  Ace,  Spinal  accessory 
nerve  ;  m,  Meningeal  branch  ;  Aur,  Auricular  branch  ;  t, 
Ganglion  of  the  trunk  and  connexions  with  Hy,  Hypo- 
glossal nerve  ;  CI,  C2,  Loop  between  the  first  two  cervical 
nerves  ;  Sy,  Sympathetic  ;  Acc,  Spinal  accessory  nerve  ;  Ph,  Pharyngeal  branch  ;  Ph. PI,  Pharyngeal  plexus  ; 
S.L,  Superior  laryngeal  nerve  ;  I.L,  Internal  laryngeal  branch  ;  E.L,  Extei'nal  laryngeal  branch  ;  I.C, 
Internal,  and  E.C,  External  carotid  arteries  ;  Cal,  Superior  cervical  cardiac  branch  ;  Ca2,  Inferior  cervical 
cardiac  branch  ;  R.L,  Recurrent  laryngeal  nerve  ;  Ca3,  Cardiac  branches  from  recurrent  laryngeal  nerves  ; 
Ca4,  Thoracic  cardiac  branch  (right  vagus)  ;  A.P.Pl,  Anterior,  and  P.P.Pl,  Posterior  pulmonary  plexuses  ; 
Oes.Pl,  OSsophageal  plexus;  Gast.R,  and  Gast.L,  Gastric  branches  of  vagus  (right  and  left);  Cce.Pl, 
Coeliac  plexus  ;  Hep.Pl,  Hepatic  plexus  ;  Spl.Pl,  Splenic  plexus  ;  Ren. PI,  Renal  plexus. 
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surrounding  the  gullet.  This  part  of  the  oesophagus  also  receives  fibres  from  the 
great  splanchnic  nerve  and  ganglion.  From  the  oesophageal  plexus  branches 
supply  the  muscular  wall  and  mucous  membrane  of  the  oesophagus. 

Pericardiac  branches  are  also  supplied  from  the  plexus  to  the  posterior  surface  of 
the  pericardium. 

The  Eleventh  or  Spinal  Accessory  Nerve. 

The  spinal  accessory  nerve  (n.  accessorius)  consists  of  two  essentially  separate 
parts,  different  both  in  origin  and  in  distriI)ution.    One  portion  is  accessory  to 

the  vagus  nerve,  and  arises,  in  series  with  the 
fibres  of  that  nerve,  from  the  side  of  the  medulla 
oblongata.  The  other,  spinal  portion,  arises  from 
the  lateral  aspect  of  the  spinal  cord,  between 
the  ventral  and  dorsal  roots  of  the  spinal 
nerves,  its  origin  extending  from  the  level  of 
the  accessory  portion  as  low  as  the  origin  of  the 
sixth  cervical  nerve  (for  the  deep  origin,  see 
p.  477).  Successively  joining  together,  the  root- 
lets form  a  trunk  which  ascends  in  the  subdural 
space  of  the  spinal  cord,  behind  the  ligamentum 
denticulatum,  to  the  foramen  magnum.  There 
the  accessory  and  spinal  portions  unite  into  a 
single  trunk,  which  leaves  the  cranial  cavity 
through  the  jugular  foramen  in  the  same  com- 
partment of  dura  mater  as  the  pneumogastric 
nerve  (Fig.  457,  p.  6.3G). 

In  the  jugular  foramen  the  accessory  portion 
of  the  nerve  (after  furnishing  a  small  liranch  to 
the  ganglion  of  the  root  of  the  pneumogastric 
nerve)  apphes  itself  to  the  ganglion  of  the  trunk, 
and  in  part  joins  the  ganglion,  in  part  the  trunk 
of  the  nerve  beyond  the  ganglion.  By  means  of 
these  connexions  the  pneumogastric  receives 
viscero-motor  and  cardio-inhibitory  fibres. 

The  spinal  portion  of  the  nerve  extends  into 
the  neck,  where  at  first  it  lies  along  with  other 
nerves,  in  the  interval  between  the  internal 
carotid  artery  and  the  internal  jugular  vein. 
Passing  obliquely  downwards  and  outwards  over 
the  vein,  it  descends  beneath  the  sterno-mastoid 
muscle,  which  it  suppUes  as  it  pierces  it  on  its 
Jj^'^  deep  surface.  After  crossing  the  posterior  triangle, 
the  nerve  ends  by  supplying  the  trapezius  muscle 
on  its  under  surface.  The  spinal  portion  of  the 
nerve  communicates  in  three  situations  with  nerves  from  the  cervical  plexus — 
(1)  in  or  beneath  the  sterno-mastoid,  with  the  branch  for  the  muscle  derived  from 
the  second  cervical  nerve ;  (2)  in  the  posterior  triangle,  with  branches  from  the 
third  and  fourth  cervical  nerves ;  (3)  l)eneath  the  trapezius,  with  the  branches  for 
the  muscle  derived  from  the  third  and  fourth  cervical  nerves. 


Fig.  470. — Scheme  of  the  Origin,  Con- 
nexions, AND  DiSTUIBUTION  OP  THE 

Spinal  Accessory  Nerve. 

Sp.Acc,  Spinal  accessory  nerve  ;  C.1-4,  First 
four  cervical  nerves  (dorsal  roots)  ; 
Va,  Pneumogastric  nerve  ;  R,  Ganglion 
of  the  root ;  T,  Ganglion  of  the  trunk  : 
G.Ph,  Glosso-pharyngeal  nerve  ;  S.M, 
Nerves  to  steruo-cleido-inastoid  ; 
Nerves  to  trapezius  ;  F.M,  Foramen 
magnum  ;  J.F,  Jugular  foramen. 


The  Twelfth  or  Hypoglossal  Nerve. 

The  hypoglossal  nerve  (n.  hypoglossus)  arises  by  numerous  radicles  from  the 
front  of  the  medulla  oblongata  Ijetween  the  pyramid  and  the  olive  (Fig.  452,  p.  633) 
(for  deep  origin,  see  p.  476).  The  root  fibres  arrange  themselves  in  two  iKindles 
which  separately  pierce  the  dura  mater,  and  unite  in  th^  anterior  condyloid  foramen, 
or  after  emerging  from  the  skull.  In  the  neck  the  nerve  arches  downwards 
and  forwards  towards  the  hyoid  bone,  and  then  turns  inwards  among  the  supra- 
hyoid muscles  to  the  tongue.    At  first  it  is  placed  deeply,  along  with  other  cranial 
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nerves,  on  the  outer  side  of  the  internal  carotid  artery ;  it  then  curves  forwards 
and  downwards  over  the  two  carotid  arteries  lying  beneath  the  digastric  and 
stylo-hyoid  muscles.  As  it  crosses  the  external  carotid  artery  it  hooks  round  the 
occipital  artery.     Above  the  great  cornu  of  the  hyoid  bone  the  nerve  conceals 
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Fig.  471.  —The  Muscles  of  the  Hyoid  Bone  and  Styloid  Process,  and  the  Extiunsic  Mi'Scles  of 
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the  lingual  artery ;  and  it  then  disappears  between  the  mylo-hyoid  and  hyo-glossus 
muscles  to  reach  the  tongue,  in  the  muscular  sul)stance  of  which  it  terminates. 

Communications. — In  its  course  the  hypoglossal  nerve  has  the  following  conmiuuica- 
tions  witli  other  nerves  : — Near  the  base  of  the  skull  it  is  connected  by  small  branches 
with  (1)  the  superior  cervical  ganglion  of  the  sympathetic:  (2)  the  ganglion  of  the 
trunk  of  tlie  pneumogastric  ;  (3)  by  a  larger  bi'anch,  with  the  loop  between  the  first 
two  cervical  nerves ;  (4)  as  it  crosses  the  external  carotid  artery  it  receives  a  comraunira- 
tion  from  the  pharyngeal  plexus  (lingual  hraneh  of  the  vagus)  ;  and  (5)  beneath  the  mylo- 
hyoid muscle,  at  the  anterior  border  of  the  hyo-glossus,  it  forms  loops  of  communication 
with  the  lingual  branch  of  the  inferior  maxillary  nerve. 

The  branches  of  the  nerve  are: — (1)  Eecurrent ;  (2)  Descending;  (3)  Thyro- 
hyoid ;  and  (4)  Lingual. 

The  recurrent  branch  passes  from  the  nerve  near  its  origin  to  silpply  the  dura 
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mater  of  tlie  posterior  fossa  of  the  base  of  the  skull.  It  proliably  derivtis  its  fi)»rcs 
from  the  communication  with  the  first  and  second  cervical  nerA'es. 

The  descending  hypoglossal  nerve  (n.  descendens)  is  the  chief  branch  given 
off  in  the  neck.  It  arises  from  the  lij'poglossal  nerve  as  it  crosses  the  internal 
carotid  artery,  and  descends  in  the  anterior  triangle  in  front  of  tlie  carotid  sheath. 
It  is  joined  al>out  the  middle  of  the  neck  l»y  the  descending  cervical  nerve  (from  the 
second  and  third  cervical  nerves).  By  their  union  the  hypoglossal  loop  (ansa  hypo- 
glossi)  is  formed,  from  which  branches  are  distributed  to  the  majority  of  the  infra- 
hyoid muscles — l)otli  l)ellies  of  the  omo-hyoid,  the  sterno-hyoid,  and  the  sterno-thy- 
roid.  The  descending  hypoglossal  nerve  derives  its  fibres  from  the  communicatif)n 
to  the  hypoglossal  nerve  from  the  loop  between  the  first  and  second  cervical  nerves  ; 
so  that  the  ansa  hypoglossi  is  made  up  of  fibres  of  the  first  three  cervical  nerves. 

The  nerve  to  the  thyro-hyoid  muscle  is  a  small  branch  which  arises  from  the 
hypoglossal  nerve  liefore  it  passes  beneath  the  mylo-hyoid  muscle.  It  descends 
behind  the  great  cornu  of  the  hyoid  bone  to  reach  the  muscle.  When  traced 
backwards,  this  nerve  is  found  associated  with  the  loop  ])etween  the  first  and 
second  cervical  nerves. 

The  lingual  branches  of  the  hypoglossal  nerve  are  distril»uted  to  the  hyo-glossus, 
genio-hyoid,  and  genio-hyo-giossus,  and  to  all  the  intrinsic  muscles  of  the  tongue. 
The  nerve  to  the  genio-hyoid  is  said  to  be  derived  from  the  loop  between  the 
first  and  second  cervical  nerves.  It  is  not  known  if  these  two  nerves  are  im- 
plicated in  the  innervation  of  the  proper  muscles  of  the  tongue,  l)ut  it  appears 
certain  that  the  muscles  named — the  genio-hyoid,  thyro-hyoid,  sterno-hyoid,  omo- 
hyoid, and  sterno-thyroid — are  not  supplied  by  the  hypoglossal,  but  only  l)y  cervical 
nerves,  the  genio-hyoid  liy  the  first  two,  the  other  muscles  l)y  the  first  three  cer- 
vical nerves. 

THE  DEVELOPMENT  OF  THE  CRANIAL  NERVES. 

Omitting  the  first  and  second  nerves,  there  is  an  oltvious  likeness  in  the  de- 
velopment of  the  cranial  nerves  to  the  formation  of  the  dorsal,  afferent  or  sensory, 
and  the  ventral,  efferent  or  motor,  roots  of  the  spinal  nerves.  The  afferent  roots 
arise  from  collections  of  cells  which  bud  off  from  the  alar  lamina  of  the  brain,  homo- 
logous with  the  dorso- lateral  part  of  the  spinal  cord.  These  cells  give  rise  to 
central  and  peripheral  processes,  like  the  similar  processes  from  the  dorsal  ganglia 
of  the  spinal  nerves,  producing  on  the  one  hand  the  root  fil)res  connected  with  the 
brain,  and  on  the  other  hand  the  fibres  of  the  nerve  proceeding  to  the  periphery. 
The  efferent  roots,  like  the  ventral  roots  of  the  spinal  nerves,  arise  as  the  peripheral 
processes  of  neuroblasts  located  in  the  basal  lamina  of  the  primitive  brain,  which  is 
homologous  with  the  ventro-lateral  portion  of  the  spinal  cord.  The  efferent  nerves 
may  be  separated  into  two  series,  according  as  they  arise  from  the  mesial  or  lateral 
parts  of  the  basal  lamina.  The  third,  fourth,  sixth,  and  twelfth  nerves  arise  from 
the  mesial  part  of  the  lamina ;  the  efferent  fibres  of  the  fifth,  seventh,  ninth,  tenth, 
and  eleventh  nerves  arise  from  the  lateral  part. 

The  olfactory  nerve  is  associated  in  its  development  with  tlie  forrnatioii  of  the  nasal 
pit  and  the  olfactory  bulb. 

The  olfactory  nerves  are  developed  from  the  epithelium  of  the  nasal  pit.  These 
cells  furnish  neui'o blasts — cells  with  peripheral  and  central  processes,  which  form  a  collec- 
tion of  cells — the  olfactory  ganglion.  From  this  ganglion  the  processes  of  the  neuroblasts 
extend  peripherally  and  centrally.  The  perijjheral  processes  produce  the  so-called  olfac- 
tory nerves,  which  become  connected  with  the  olfactory  epithelium.  The  central  pro- 
cesses extend  from  the  olfactory  ganglion  to  the  brain,  applying  themselves  to  the  olfac- 
tory bulb,  to  which  they  become  connected  in  the  second  month.  The  olfactory  ganglion 
becomes  incorporated  at  the  same  time  with  the  olfactory  bulb. 

The  optic  nerve  is  developed  wholly  from  the  brain.  Its  formation  begins  witli 
the  outgrowth  of  the  optic  vesicle,  a  paired  hollow  outgrowth  from  the  ventral  surface  of 
the  thalamencephalon.  The  epiblastic  invagination  of  the  lens,  growing  inwards  from 
the  surface,  causes  the  collapse  of  the  vesicle  and  its  conversion  into  the  optic  cup,  the 
narrow  tube  connecting  the  vesicle  to  the  brain  becoming  the  optic  stalk.    This  stalk 
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becomes  solid,  and  forms  the  basis  of  the  optic  tract,  optic  commissure,  and  optic  nerve. 
The  optic  cup,  bilaminar  in  form,  and  clasping  the  lens  by  its  margin,  is  imbedded  in 
mesoblastic  tissue,  which  gives  rise  to  the  envelopes  of  the  eyeball,  etc.  The  outer  layer  of 
the  optic  cup  produces  the  layer  of  hexagonal  pigment  cells  of  the  retina.  The  cells  of 
the  inner  layer  pi'oduce  the  tissue  of  the  retina  proper.  They  form  neuroblasts  with  peri- 
pheral and  central  processes.  The  peripheral  processes  are  converted  into  retinal  nerve 
tissues ;  the  central  processes  extend  backwards  along  the  optic  stalk,  and  give  rise  to  the 
fibrous  structure  of  the  optic  nerve,  optic  commissure,  and  optic  tract.  Spongioblasts  in 
the  inner  lamina  of  the  optic  cup  produce  the  sustentacular  tissue  of  the  retina  (Mtiller's 
fibres). 

The  oculo-motor  nerve  arises,  like  the  ventral  root  of  a  spinal  nerve,  from  a 
group  of  neuroblasts  in  the  mesial  part  of  the  basal  lamina  of  the  mid-brain.  The  peri- 
pheral fibres  extend  forwards,  to  end  around  the  optic  cup  in  the  mesoblastic  tissi;e,  from 
which  the  eye  muscles  are  derived.  Numerous  cells  are  carried  along  with  the  cell  pro- 
cesses in  their  course,  and  these  have  been  described  as  being  concerned  in  the  formation 
of  the  ciliary  ganglion. 

The  trochlear  nerve  also  arises  from  a  group  of  neuroblasts  occupying  the 
mesial  part  of  the  basal  lamina  of  the  mid-brain,  close  to  its  junction  with  the  hind-brain. 
The  peripheral  processes  do  not  emerge  directly  from  the  brain,  but  extend  dorsally  from 
their  origin  along  the  side  of  the  brain  to  its  dorsal  aspect,  where  they  appear,  after  decus- 
sating with  the  fibres  of  the  opposite  nerve,  just  behind  the  quadrigeminal  lamina. 

The  trigeminal  nerve  is  developed  by  means  of  a  large  dorsal  and  a  small  ventral 
root.    Their  origin  is  in  the  main  similar  to  the  origin  of  the  roots  of  a  spinal  nerve. 

The  large  dorsal  (afferent)  root  is  formed  by  means  of  a  cellular  bud  from  the 
alar  lamina  of  the  hind-brain.  This  bud  separates  from  the  brain,  and  forms  the  Gasserian 
ganglion.  Its  cells  becoming  bipolar,  like  the  cells  of  a  spinal  ganglion,  are  secondarily 
connected  with  the  brain  by  means  of  their  central  processes ;  while  the  peripheral  pro- 
cesses, separating  into  thi-ee  groups,  proceed  along  the  fronto-nasal  and  maxillary  pro- 
cesses, and  along  the  mandibular  arch,  to  foi'm  the  three  main  divisions  of  the  nerve. 
Numerous  cells  accompany  each  main  division  in  its  course  from  the  ganglion,  and  form 
eventually  the  subordinate  ganglia — the  ciliary  on  the  ophthalmic  nerve,  the  spheno-pala- 
tine  on  the  superior  maxillary  nerve,  and  the  otic  ganglion  on  the  inferior  maxillary  nerve. 

The  small  ventral  (efferent)  root  of  the  trigeminal  nerve,  like  the  motor  ventral  root 
of  a  spinal  nerve,  is  later  in  its  appearance  than  the  sensory  root.  It  arises  as  the  peri- 
pheral fibres  of  a  group  of  neuroblasts  occupying  the  lateral  part  of  the  basal  lamina  of  the 
hind-brain,  which  proceed  directly  to  the  surface  to  join  the  inferior  maxillary  division  of 
the  nerve. 

The  resemblance  between  the  trigeminal  nerve  and  a  typical  spinal  nerve,  though 
striking,  is  incomplete.  The  efi'erent  root  does  not  quite  correspond  in  place  of  origin 
with  the  motor  root  of  a  spinal  nerve,  being  lateral  and  not  ventral.  The  afferent  root, 
while  ganglionic  and  dorsal,  differs  from  the  typical  segmental  spinal  nerve  in  separating 
into  trunks  for  the  supply  of  more  than  one  segment. 

The  abducent  nerve  resembles  in  its  mode  of  development  the  oculo-motor  and 
trochlear  nerves,  with  which  in  its  origin  it  is  in  series.  It  is  formed  by  the  peripheral 
processes  of  a  group  of  neuroblasts  in  the  mesial  part  of  the  basal  lamina  in  the  upper 
part  of  the  hind-brain.  These  processes  pierce  the  part  of  the  brain  in  which,  at  a  later 
stage,  the  fibres  of  the  pyramid  are  developed.  They  then  proceed  to  the  mesoblastic 
tissue  round  the  optic  cup,  which  is  destined  to  form  the  eye  muscles. 

The  facial  nerve  has  developmentally  a  double  origin.  (1)  In  connexion  with 
the  formation  of  the  auditory  nerve  a  group  of  cells  becomes  separated  from  the  alar 
lamina  of  the  hind-brain  opposite  the  auditory  vesicle.  This  group  becomes  separated 
into  three  parts,  of  which  the  middle  portion  is  the  rudiment  of  the  geniculate  ganglion 
(or  efferent  root).  (2)  From  a  group  of  neuroblasts  in  the  lateral  part  of  the  basal  lamina 
of  the  hind-brain  the  efferent  root  of  the  nerve  arises  in  series  with  efferent  fibres  of  the 
vago-glossopharyngeal  fibres  ;  after  a  tortuous  course  within  the  brain,  its  fibres  emerge 
beneath  the  above-mentioned  cellular  mass,  opposite  the  auditory  vesicle.  They  are 
joined  by  the  ganglionic  root,  and  winding  round  the  auditory  vesicle,  become 
imbedded  in  the  auditory  capsule  (aqueduct  of  Fallopius).  The  chorda  tympani  nerve 
appears  early  as  a  branch  of  the  facial  nerve.  It  is  probable  that  the  pars  intermedia, 
the  geniculate  ganglion,  and  the  chorda  tympani  nerve  represent  the  dorsal  afferent 
element  in  the  constitution  of  this  nerve. 

The  auditory  nerve  arises  as  a  cellular  bud  from  the  alar  lamina  of  the  hind-brain, 
dorsal  to  the  efferent  portion  of  the  facial  nerve  and  opposite  to  the  auditory  vesicle. 
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Becoming  septii-ated  from  the  brain,  the  cellular  mass  separates  into  three  portions,  of 
which  the  middle  part  is  associated  with  the  facial  nerve  and  pars  intermedia  (as  the 
geniculate  ganglion),  while  the  mesial  and  lateral  parts  are  converted  into  the  mesial 
(vestibular)  and  lateral  (cochlear)  ganglia  and  roots  of  the  auditory  nerve.  The  cells 
becoming  bipolar,  their  central  processes  are  secondarily  connected  with  the  brain  on 
the  doi'sal  (lateral)  aspect  of  the  facial  nerve ;  the  peripheral  processes  proceed  to  the 
auditor}'  vesicle,  to  which  they  are  distributed  as  the  vestibular  and  cochlear  nerves. 
Numerous  cells  are  carried  along  with  the  nerve  trunks  into  relation  with  the  auditory 
capsule,  and  constitute  the  vestibular  and  cochlear  ganglia. 

The  gloSSO-pharyngeal  and  pneumogastric  nerves  are  developed  from  the  side 
of  the  hind -brain,  both  in  the  same  way,  and  each  by  two  roots.  A  collection  of 
cells  separates  itself  from  the  alar  lamina  of  the  hind-brain  behind  the  auditory  vesicle  to 
form  the  ganglionic  afferent  root.  The  ganglion  of  the  pneumogastric  is  nuich  larger 
than  that  of  the  glosso-pharyngeal.  Each  ganglion  becomes  divided  into  two  parts,  a 
proximal  and  a  distal  portion,  connected  together  by  a  commissural  band  of  fibres.  The 
proximal  ganglion  (jugular  ganglion  of  the  glosso-pharyngeal ;  ganglion  of  the  root  of  the 
pneumogastric)  is  secondarily  connected  by  centripetal  fibres  to  the  hind-brain.  From  the 
distal  ganglion  (petrous  ganglion  of  the  glosso-pharyngeal  ;  ganglion  of  the  trunk  of  the 
pneumogastric)  peripheral  fibres  grow  outwards  to  form  the  nerve  trunk. 

Each  nerve  is  also  provided  with  a  small  efferent  root,  consisting  of  nerve  fibres, 
arising  from  a  collection  of  neuroblasts  in  the  lateral  part  of  the  basal  lamina  of  the  hind- 
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brain,  and  emerging  beneath  the  ganglionic  root  at  the  junction  of  the  alar  and  basal 
laminae  (in  series  with  the  fibres  of  the  eft'erent  root  of  the  facial  nerve  above  and  of  the 
spinal  accessory  nerve  below). 

The  spinal  accessory  nerve  arises  in  tAvo  parts — one  medullary,  the  other  spinal. 
The  medullary  (accessory)  portion  develops  as  the  processes  of  a  series  of  neuroblasts  in 
the  lateral  portion  of  the  basal  lamina  of  the  hind-brain,  which  emerge  in  series  with  the 
efferent  roots  of  the  glosso-pharyngeal  and  pneumogastric  nerves.  The  spinal  portion 
arises  as  the  processes  of  a  group  of  neuroblasts  in  the  ventral  part  of  the  medullary  tube, 
which  at  first  are  directed  dorsally  in  the  side  of  the  primitive  sjjinal  cord,  and,  turning' 
outwards,  emerge  as  a  scries  of  roots  on  its  lateral  aspect. 

The  hypoglossal  nerve  is  developed,  not  in  series  with  the  nerves  above- 
mentioned,  but  like  the  third,  fourth,  and  sixth  nerves,  from  the  mesial  part  of  the  basal 
lamina  of  the  hind-brain,  in  the  space  between  the  glosso-phaiyngeal  and  nerves  above 
and  the  first  cervical  nerve  below.  It  is  formed  as  a  series  of  peripheral  processes  from  a 
collection  of  neuroblasts  occupying  the  hind-brain.  Froriep's  ganglion  is  a  transitory 
collection  of  nerve-cells  developed  from  the  alar  lamina  of  the  hind-brain  on  the  dorsal 
aspect  of  the  nerve,  and  represents  in  a  rudimentary  condition  its  dorsal  ganglionic  root. 
It  gives  oft'  no  branches  and  soon  disappears. 
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THE  MORPHOLOGY  OF  THE  CEANIAL  NERVES. 

The  head  and  face,  jjossibly  the  oldest,  and  from  every  point  of  view  tlie  most  fundamental 
and  imjjortant  portion  of  the  bodily  fabric,  present  in  some  respects  a  more  conservative  type  of 
structure,  and  in  other  asj^ects  have  been  subject  to  more  j^rofound  alterations  than  other  parts 
of  the  body.  Segmentation  is  characteristic  of  the  trunk,  pervading  bones,  muscles,  vessels,  and 
nerves.  An  absence  of  true  segmentation  is  characteristic  of  the  head  region — omitting  for  the 
moment  the  cranial  nerves.  The  head  is  characterised  by  the  possession  of  an  unsegmented 
tubular  nervous  system,  enclosed  in  a  bony  capsule  not  properly  segmented,  with  which  the 
capsules  of  the  sense-organs  become  united.  The  pre-oral  and  post-oral  visceral  arches  and  clefts 
are  not  truly  segmental  like  the  costal  arches  of  the  trunk.  The  branchial  clefts  are  said  to  be 
inter-segmental  :  and  their  muscles  (associated  with  the  myoblast  surrounding  the  developing 
heart)  are  described  as  visceral,  and  not  myotomic,  so  that  the  branchial  vessels  and  nerves 
(similarly)  are  not  to  be  regarded  as  comparable  to  the  segmental  vessels  and  nerves  of  the  trunk. 
The  truly  segmental  structures  present  are  certain  persistent  myotomes  or  muscle  plates,  which 
give  rise  to  muscles  innervated  by  the  third,  fourth,  sixth,  and  twelfth  cranial  nerves. 

Another  difficulty  in  the  morphology  of  the  head  arises  in  the  absence  of  body  cavity,  and 
the  consequent  difficulty  of  differentiating  the  somatic  and  splanchnic  mesoblast,  and  the  somatic 
and  splanchnic  distribution  of  a  given  nerve. 

Under  these  circumstances  there  is  little  help  to  be  derived  from  head  structures  other  than 
the  nerves  themselves  in  seeking  a  solution  of  the  question  of  the  morphological  relations  of  the 
cranial  nerves.  The  spinal  nerves  are,  generally  speaking,  all  alike.  The  cranial  nerves,  on  the 
other  hand,  are  all  different.  Scarcely  any  two  nerves  are  alike ;  and  no  single  cranial  nerve 
possesses  in  it.self  all  the  characteristic  features  of  a  spinal  nerve.  As  seen  in  relation  to  their 
development,  the  cranial  nervous  system  possesses  a  series  of  dorsal  ganglia,  comparable  in 
position  and  development  to  the  spinal  ganglia  ;  and  the  efferent  roots  arise  in  the  same  way, 
and  occupy  somewhat  the  same  position  as  the  ventral  roots  of  the  spinal  nerves.  But  there  is 
no  single  complete  segmental  nerve  in  the  head.  The  very  essence  of  the  architecture  of  the 
head  is  a  want  of  segmentation  ;  and  this  character  is  shared  by  the  cranial  nerves.  In  addition 
it  must  be  borne  in  mind  that,  in  relation  to  the  mammalian  head,  there  are  organs  which  have 
no  homologues  in  the  trunk,  and  on  whose  existence  the  arrangement  of  the  cranial  nerves 
depends — e.g.  sense-organs  and  gill-arches. 

Among  the  cranial  nerves  tliere  are  several  which  possess  a  resemblance  to  one  or  other  of 
the  elements  of  a  typical  spinal  nerve.  In  the  neck  the  origin  of  the  fibres  of  the  spinal 
accessory  nerve  is  from  the  side  of  the  spinal  cord,  and  it  is  in  series  with  the  motor  roots  of 
the  vago-glossopharyngeal,  facial,  and  fifth  nerves.  His  (as  shown  in  the  account  of  the 
development  of  the  nerves)  has  described  the  neuroblastic  origin  of  the  motor  roots  of  these 
nerves  from  the  lateral  part  of  the  basal  lamina  of  the  primitive  brain.  They  thus  form  a  series 
apart — lateral  motor  roots — separable  from  the  series  of  motor  roots  originating  from  the  mesial 
part  of  the  basal  lamina,  comprising  those  of  the  third,  fourth,  sixth,  and  twelfth  nerves  ;  the 
latter  nerve  roots  being  comparable  to  and  in  series  with  the  ventral  roots  of  the  spinal  nerves. 
The  lateral  motor  roots  are  not  represented  in  the  spinal  series  except  in  the  neck.  It  is 
questionable  if  there  is  any  fundamental  distinction  between  the  lateral  and  ventral  motor  roots 
of  the  cranial  nerves.  -  The  spinal  accessory  fibres,  for  example,  when  traced  into  the  spinal  cord, 
have  an  origin  from  the  anterior  cornu  of  the  cord,  and  only  differ  from  the  motor  or  ventral 
root  fibres  of  a  spinal  nerve  in  their  different  course  to  the  surface.  The  ganglia  in  association 
with  the  cranial  nerves  are  comparable  to  the  spinal  ganglia.  The  fifth  nerve,  with  the  Gasserian 
ganglion,  the  ganglion  of  the  facial,  the  ganglia  of  the  auditory,  of  the  glosso-pharyngeal  and  the 
vagus,  and  the  transitory  (Froriep's)  ganglion  of  the  hypoglossal  nerves,  arise  from  the  brain  in  a 
comparable  position,  and  in  the  same  way  as  the  spinal  ganglia.  But  another  series  of  structures 
— the  sense  organs  of  the  lateral  line,  and  the  so-called  "  epibranchial "  organs,  which  are  highly 
developed  in  lower  vertebrates  (e.g.  elasmobranchs),  and  which  appear  transitorily  only,  or  are 
absent  altogether  in  mammalian  development,  may  possibly  have  a  share  in  the  formation  of 
certain  of  these  ganglia  or  parts  of  them  (e.g.  ciliary  ganglion,  geniculate  ganglion,  ganglia  of  the 
auditory  nerve,  petrosal  ganglion  of  the  glosso-pharyngeal,  and  the  ganglion  of  the  trunk  of  the 
vagus). 

Certain  of  the  cranial  nerves  are  apparently  distinctly  segmental,  supplying  muscles  derived 
from  the  persisting  myotomes  of  the  head.  The  first  three  myotomes  are  said  to  give  rise  to  the 
muscles  of  the  eyeball.  The  first  produces  the  superior  rectus,  inferior  rectus,  internal  rectus, 
and  inferior  oblique  muscles,  and  its  segmental  nerve  is  the  oculo-motor.  The  second  myotorrie 
is  said  to  produce  the  superior  oblique  muscle,  and  its  segmental  nerve  is  the  trochlear.  The 
third  myotome  is  said  to  produce  the  external  rectus  muscle,  and  its  segmental  nerve  is  the 
abducent.  It  has  been  asserted  that  the  tongue  muscles  are  derived  from  the  last  three  or  four 
cephalic  and  first  cervical  myotomes,  and  that  the  hypoglossal  nerve  is  the  segmental  nerve  for 
these  myotomes,  comprising  the  motor  elements  of  several  (four  or  five)  segmental  nerves.  The 
intervening  myotomes  between  the  first  three  and  this  occipital  series  disappearing,  the  cor- 
responding elements  of  segmental  nerves  are  supposed  to  be  absent  also  (Fig.  473). 

Certain  of  the  cranial  nerves  are  essentially  related  to  the  structures  derived  from  and  asso- 
ciated with  the  pre-oral  and  post-oral  visceral  clefts  and  arches  (Fig.  474).  The  trigeminal  nerve 
is  essentially  the  nerve  of  the  mandibular  arch.  By  its  efferent  root  it  supplies  the  muscles  of 
that  arch.  By  its  afferent  root  and  branches  it  is  related  to  (1)  the  fronto-uasal  process  (oph- 
thalmic division  and  ciliary  ganglion) ;  (2)  the  maxillary  arch  (superior  maxillary  nerve) ;  and 


660 


THE  NEEVOUS  SYSTEM. 


(3)  the  mandibular  arch  (inferior  maxillary  nerve).  The  mandibular  is  at  first  the  main  nerve  ; 
and  the  maxillary  division  is  sometimes  regarded  as  a  subordinate  branch  (prae-branchial,  prae- 
trematic)  for  the  supply  of  the  anterior  margin  of  the  cleft  (mouth),  with  which  the  nerve  is  in 
relation.  The  ophthalmic  nerve  is  sometimes  regarded  as  a  morj^hologically  separate  nerve. 
The  nerves  to  these  arches  have  been  compared  to  the  anterior  primary  divisions  of  spinal 

nerves,  the  branches 
which  they  supply  to 
the  forehead  and  temple 
(frontal,  orbital,  and 
auriculo  -  temporal)  re- 
presenting the  posterior 
primary  divisions.  The 
ganglia  on  each  division 
of  the  nerve  are  formed 
as  extensions  from  the 
Gasserian  ganglion. 

^The  facial  nerve  is 
essentiallj'  the  nerve  of 
the  second  (hyoid)  arch, 
and  the  cleft  in  front 
of  that  arch  (spiracular 
cleft.  Eustachian  tube). 
Its  motor  root  supplies 
the  muscles  of  that  arch 
(staj)edius,  stylo  -  hyoid, 
and  digastric),  and  the 
ejiicranial  and  facial 
muscles  and  platysma 
myoides,  which  are  de- 
velopments from  the 
hyoid  arch  (Rabl).  The 
chorda  tympani  nerve 
is  regarded  as  the  sub- 
ordinate (prse-branchial, 
j^rse-trematic)  branch  to 
supply  the  anterior 
margin  of  the  first  post- 
oral  cleft.  It  is  possible 
that  the  geniculate 
ganglion,  with  the  pars 
intermedia  and  the 
chorda  tymj^ani  may,  in 
part  at  least,  represent 

Fig.  473. — Scheme  to  illustrate  the  Disposition  of  the  Myotomes  in     tli®   ganglionic  and 
THE  Embryo  in  Relation  to  the  Head,  Trunk,  and  Limbs.  afferent  element  of  the 

A,  B.  C,  First  three  cephalic  myotomes  ;  N,  1,  2,  3,  4,  Last  persisting  cephalic  "-erve.  Or  the  geniculate 
myotomes  ;  C.  T.  L,  S,  Co,  The  myotomes  of  the  cervical,  thoracic,  gang  lon,  and  the  nerves 
lumbar,  sacral,  and  caudal  regions  ;  L,  IL,  III.,  IV.,  V.,  VI.,  VIL,  VIII.,  ^  relation  to  it,  may  be 
IX.,  X.,  XL,  XIL,  refer  to  the  cranial  nerves,  and  the  structures  with  associated  with  an  "  epi- 
which  they  may  be  embryologically  associated.  branchial  "  sense-organ. 

The  auditory  nerve, 

on  the  other  hand,  may  be  either  the  sensory  element  of  the  branchial  nerve,  associated  with 
the  hyoid  arch  and  first  post-oral  cleft,  or  it  may  represent  the  nerve  or  nerves  belonging  to 
ancestral  sense-organs  of  the  lateral  line. 

The  glosso -pharyngeal  is  the  branchial  nerve  of  the  third  post-oral  (thyro-hyoid)  arch  and 
the  cleft  in  front.  Its  efferent  fibres  supply  the  muscle  of  this  arch, — the  stylo-pharyngeus.  The 
superior  constrictor  of  the  pharynx  is  also  assigned  to  this  arch  ;  the  middle  and  inferior 
muscles  to  the  fourth  (first  branchial)  arch.  The  afferent  part  uf  the  nerve  is  possibly  composed 
of  two  elements ;  the  petrous  ganglion  being  associated  with  an  epibranchial  or  lateral  line 
sense-organ,  and  the  rest  of  the  nerve  forming  the  afferent  fibres  for  the  gill-cleft  and  arch. 
The  lingual  branches  are  regarded  as  the  main  stem  (post-trematic),  the  pharyngeal  branches  as 
subordinate  branches  ;  the  tympanic  branch  being  the  pree-branchial  or  proe-trematic  branch  for 
the  anterior  margin  of  the  gill -cleft. 

The  pneumogastric  nerve  is  generally  regarded  as  representing  the  fusion  of  all  the  branchial 
nerves  behind  the  glosso-pharyngeal.  Its  efferent  fibres  are  in  series  with  those  of  the  glosso- 
pharyngeal above  and  the  spinal  accessory  nerve  below,  and  belong  to  the  lateral  series  of  His. 
Its  afferent  fibres,  like  those  of  the  glosso-pharyngeal,  consist  of  two  elements.  The  lower 
ganglion  has  possible  connections  with  epibranchial  sense-organs  ;  the  rest  of  the  nerve  repre- 
senting the  fused  branchial  branches  of  fishes.  The  superior  laryngeal  nerve  is  looked  upon 
as  the  branchial  nerve  of  the  fourth,  and  the  inferior  laryngeal  nerve  as  the  branchial  nerve 
•of  the  fifth  arch.  The  auricular  branch  is  sometimes,  but  erroneously,  regarded  as  the  homo- 
logue  of  one  of  the  lateral  nerves  of  fishes.    While  the  relation  of  the  nerve  to  the  hinder  gill 
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arches  and  clefts  makes  it  possible  to  understand  tlie  innervation  by  tbe  vagus  of  the  heart  and 
lungs,  no  satisfactory  explanation  is  forthcoming  of  the  piassage  of  the  nerve  into  the  abdomen, 
and  its  distribution  to  the  stomach  and  other  organs  below  the  diaphragm. 

The  spinal  accessory  nerve  consists  of  two  parts.  The  accessory  portion  of  the  nerve 
consists  of  efferent  fibres  for  the  branchial  region,  in  series  with  the  lateral  motor  roots  of  the 
glosso-pharyngeal  and  vagus  nerves.  The  spinal  portion  of  the  nerve  is  also  composed  of  efferent 
fibres,  and  represents  the  only  lateral  motor  elements  in  relation  to  the  spinal  cord. 

Olfactory  Nerve.  —  There  is  absolute  uncertainty  regarding  the  morphology  of  this  nerve. 
It  consists  of  three  existing  elements — (1)  the  olfactory  bulb,  derived  from  the  cerebral  hemi- 
sphere, solid  in  man,  but  a  hollow  cerebral  diverticulum  in  certain  animals,  and  forming  the 
rhinencephalon ;  (2)  the  olfactory  ganglion,  with  its  central  and  peripheral  processes,  derived 
from  the  ectoderm  ;  (3)  the  nasal  pit.  Attention  has  been  specially  fixed  on  the  olfactory 
ganglion,  which  has  been  compared  to  (1)  a  dorsal  spinal  ganglion,  derived  from  the  anterior  end 
of  the  medullary  groove  ;  and  to  (2)  a  lateral  line  sense-organ. 

The  optic  nerve  also  presents  an  insoluble  problem  in  regard  to  its  morphological  position 
in  the  series  of  cranial  nerves.  The  optic  stalk  and  optic  cup  have  been  regarded  as  a  highly- 
modified  dorsal  ganglion ;  but  there  is 
insuperable  difiiculty  in  accepting  this 
view.  The  peripheral  processes  do  not 
become  connected  with  either  ectodermal 
or  mesoblastic  structures,  but  become  the 
tissue  of  the  retina ;  while  the  central 
processes,  growing  backwards,  envelop  the 
optic  stalk,  and  obtain  connexions  with 
the  brain.  The  retina  must  be  regarded 
as  a  highly-modified  layer,  morphologic- 
ally in  series  with  the  wall  of  the  fore- 
brain  ;  and  the  ectodermal  structure  of 
superficial  origin  comparable  to  the 
olfactory  ganglion  or  the  auditory  vesicle 
is  the  lens  (which  may  possibly  be  homo- 
logous with  a  lateral  line  sense-organ). 
The  optic  nerve,  optic  commissure,  and 
optic  tract  are  then  to  be  looked  upon  as 
cerebral  commissures,  and  not  nerves  in 
the  ordinary  sense. 

The  simplest  and  most  primitive  con- 
dition of  the  head,  in  relation  to  the 
morphology  of  the  cranial  nerves,  is  found 
before  the  formation  of  the  gill-clefts, 
when  the  salient  features  are  a  tubular 
and  simple  brain,  and  a  series  of  super- 
ficial invaginations  which  pass  from  the 
surface  inwards  to  become  connected  with 
outgrowths  corresponding  to  them  from 
the  primitive  brain.  On  either  side  of 
the  head  three  hollow  invaginations 
occur.  (1)  The  nasal  pit  bearing  the  Fig-  474. — Scheme  to  illustrate  the  Embrtological 
olfactory  epithelium  becomes  connected  Arrangement  of  the  Cranial  Nerves. 

by  the  olfactory  ganglion  with  the  rhin-  I.  to  XII.  Cranial  nerves  ;  Fr,  Froriep's  ganglion  ;  C.I,  Roots 
encephalon,  an  outgrowth  from  the  fore-  and  trunk  of  the  first  cervical  nerve, 

brain,  and  so  forms  the  basis  of  an 

olfactory  organ  and  nerve;  (2)  a  similar  invagination  produces  the  lens,  connected  with  a 
protrusion  of  the  optic  vesicle  from  the  fore-brain,  by  which  the  basis  of  the  eye  and  the  optic 
nerve  is  formed ;  (3)  behind  the  buccal  cavity  a  third  invagination  forms  the  auditory  vesicle, 
which  is  connected  with  the  solid  extension  from  the  hind-brain  of  the  acoustic  ganglia,  to  form 
the  essentials  of  the  organ  of  hearing  and  the  auditory  nerve. 

The  trigeminal  nerve  is  essentially  the  nerve  of  the  buccal  cavity,  and  the  subordinate 
cavities,  nasal  and  oral,  derived  from  it.  The  branchial  arches  and  clefts  are  secondary  struc- 
tures, and  their  nerves  are  (1)  the  trigeminal  for  the  first  (mandibular)  arch  and  the  cleft  in 
front  of  it ;  (2)  the  facial  for  the  second  (hyoid)  arch  and  cleft ;  (3)  the  glosso-pharyngeal  for  the 
third  (thyro-hyoid)  arch  and  cleft ;  and  (4)  the  pneumogastric  for  the  succeeding  arches  and  clefts. 
The  bulbar  part  of  the  spinal  accessory  nerve  is  inseparable  from  the  motor  portion  of  the  vago- 
glosso -pharyngeal  nerves  ;  the  spinal  part  is  beyond  the  series  of  the  cranial  nerves. 

Lastly,  there  are  certain  truly  segmental  nerve  elements,  motor  fibres  which,  remaining 
associated  with  certain  persistent  cephalic  myotomes,  give  rise  to  the  oculo-motor,  trochlear, 
abducent,  and  hypoglossal  nerves. 
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THE  SYMPATHETIC  NERVOUS  SYSTEM. 


The  sympathetic  nervous  system  consists  of  a  pair  of  elongated  gangliated 
cords  (nervi  sympathici),  extending  from  the  base  of  the  skull  to  the  coccyx ;  con- 
nected, on  the  one  hand,  by  a  series  of  branches  to  the  spinal  nervous  system,  and 
on  the  other  hand  giving  off  an  irregular  series  of  branches  to  the  viscera.  At  its 
cephalic  end  each  sympathetic  cord  is  continued  in  a  plexiform  manner  into  the 
cranial  cavity  along  with  the  internal  carotid  artery,  and  forms  complex  relation- 
ships with  certain  cranial  nerves.  At  their  caudal  ends  the  two  sympathetic 
cords  become  joined  together  hj  fine  filaments,  and  are  connected  by  the  coccygeal 
ganglion  (g.  impar). 

The  sympathetic  system  (1)  serves  to  rearrange  and  distribute  fibres  derived 

from  the  cerebro-spinal  system  to  the  viscera 
and  vessels  of  the  splanchnic  area  ;  (2)  it  trans- 
mits to  the  cerebro-spinal  system  afferent  fibres 
from  tlie  viscera ;  and  (8)  it  transmits  fibres  to 
the  vessels,  involuntary  muscles  and  glands,  in 
the  course  of  the  somatic  divisions  of  the  spinal 
nerves. 

General  Structure  of  the  Sympathetic 
System. — The  sympathetic  system  is  composed 
of  two  elements — ganglia  and  nerve  fibres. 

The  ganglia  (g.  trunci  sympathici)  are 
variable  in  number,  form,  size,  and  position. 
They  are  not  definitely  segmental  in  position, 
but  they  are  always  connected  together  by  a 
system  of  narrow  commissural  cords  of  nerve 
fibres.  A  ganglion  consists  of  a  larger  or 
smaller  number  of  multipolar  nerve-cells,  en- 
closed in  a  capsule  of  connective  tissue.  Each 
cell  is  provided  with  one  axon  and  a  number  of 
dendrites.  The  axon  may  enter  into  the  com- 
position of  (a)  the  commissural  cord ;  (b)  a 
central  branch  (gray  ramus  communicans) ;  or 
(c)  a  peripheral  branch  from  the  sympathetic 
cord.  These  axons  are  commonly  meduUated 
at  their  origin,  but  become  non-meduUated  in 
their  course  from  the  parent  cell.  Besides 
these  ganglia,  two  other  series  of  ganglia  are 
present  in  connexion  with  the  peripheral 
l:)ranches  of  the  sympathetic, — intermediate  or 
collateral  ganglia,  on  the  branches  or  in  the 
y°'"^";^^'V'^"°'i"'*^''ir'P'7'''J'™r''"  sympathetic  plexuses,  and  terminal  ganglia,  in 

The  splanchnic  anereut  nbres  (in  blue)  are     i  ■,     .     ^  ,  •>.  ri  - 

shown,  partly  entering  the  ganglion,  and  close  relation  to  tlie  endings  ot  tile  nerves  m 

passing  upwards  or  downwards  in  the  the  viscera. 
gangliated  cord  ;  partly  passing  over  the 

cord  into  peripheral  branches.  in       i        t  ii 

are  oi  two  classes,  medullated  and  non-medul- 
lated.  The  distinction  is  not  absolute.  The  medullated  fibres  may  lose  their 
medullary  sheaths  before  reaching  their  terminations ;  and  the  non-medullated 
fibres  may  at  their  origin  possess  a  medullary  sheath.  The  medullated  fibres 
form  the  series  of  loJiite  rami  communicantes  (the  visceral  branches  of  the 
spinal  nerves).  They  take  origin  from  the  anterior  primary  divisions  of  certain 
spinal  nerves  in  two  streams,  thoracico-lumbar  from  the  first  (or  second)  thoracic 
to  the  second  or  third  lumbar  nerve,  and  pelvic,  or  sacral,  from  the  third, 
and  second  or  fourth  sacral  nerves.  The  roots  of  these  nerves  arise  from  both 
dorsal  and  ventral  roots  of  the  spinal  nerves,  but  in  largest  numliers  from  the 
ventral  root.  The  fibres  from  the  ventral  root  are  of  very  small  size.  They  are 
the  axons  of  nerve-cells  within  the  spinal  cord,  and  passing  through  the  white 
ramus,  they  enter  the  sympathetic  cord,  and  end  by  forming  arborisations  around 


SPLANCHNIC 
AFFERENT 


Fk;.  475. — Scheme  of  the  Constitution  of 
THE  White  Ramus  Communicans  of  the 
Sympathetic. 

The  roots  and  trunks  of  a  spinal  nerve  are 
shown,  with  the  white  ramus  passing  be- 
tween the  spinal  nerve  and  a  sympathetic 
ganglion  (Sy).  The  splanchnic  efferent 
fibres  (in  red)  are  shown,  partly  ending 
in  the  ganglion,  and  jiartly  passing  be- 
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the  cells  of  a  sympathetic  ganglion.  There  are  three  known  courses  for  such  a 
fibre  to  take  in  relation  to  the  sympathetic  system — (a)  It  mmj  end  in  the  ganglion 
with  which  it  is  immediately  related ;  (h)  it  may  course  upivards  or  dovmivards  in 
the  commissural  cord  to  reach  a  neighbouring  ganglion  ;  (c)  it  may  pass  beyond 
the  gangliated  cord  to  end  in  relation  to  cells  of  the  peripheral  (collateral)  ganglia 
along  with  fibres  of  distribution  from  the  sympathetic  ganglia.  These  fibres  are 
splanchnic  efferent  fibres ;  motor  for  the  unstriped  muscular  tissue  of  the  vessels 
and  viscera,  and 
secretory  for  the 
glands  in  the  splanch- 
nic area.  The  fibres 
from  the  dorsal  root 
of  the  spinal  nerve 
entering  into  the 
composition  of  the 
white  ramus  com- 
municans  are  the 
axons  of  spinal  gang- 
lion cells.  They  con- 
stitute the  splanchnic 
afferent  fibres,  and 
probalily  traverse  the 
sympathetic  gang- 
liated cord,  passing 
upwards,  downwards, 
and  outwards,  with- 
out l>eing  connected 
with  its  cells.  They 
are  the  sensory  fibres 
for  the  viscera,  which 
they  reach  along  with 
the  peripheral 
branches  arising  from 
the  sympathetic  cord 
itself.  It  is  not  cer- 
tain that  fibres  from 
the  dorsal  ganglia  are 
only  found  in  con- 
nexion with  nerves 
provided  with  distinct 
white  rami.  Similar 
meduUated  fibres  are 
found  also  in  the 
gray  rami  communi- 
cantes. 

The  non  -  medul- 
lated  fibres  in  the 
sympathetic  system 
are  derived  from  the 
axons  of  the  sympa- 
thetic ganglion  cells. 
They  have  different 
destinations,  (a)  Some  fibres  appear  to  contribute  to  the  formation  of  the  commissural 
cord  connecting  the  ganglia  together,  and  to  end  in  aborisations  round  the  cells  of  a 
neighbouring  ganglion,  (h)  Non-meduUated  fibres  form  a  large  part  of  the  system 
of  peripheral  (splanchnic  efferent)  branches,  streaming  into  the  splanchnic  area  in  an 
irregular  manner,  both  from  the  ganglia  and  the  connecting  commissures,  (c)  The 
gray  rami  communicantes  form  a  series  of  non-medullated  fibres  (with  a  small 
number  of  medullated  fibres  intermingled)  proceeding  centrally  from  the  ganglia  to 


Fig.  476.- 


-scheme  of  the  cox.stitution  and  connexions  of  the 
Gangliated  Coed  of  the  Sympathetic. 


The  gangliated  cord  is  indicated  on  the  right,  with  the  arrangement  of  the  fibres 
arising  from  tlie  ganglion  cells.  On  the  left  the  roots  and  trunks  of 
spinal  nerves  are  shown,  with  the  arrangement  of  the  white  ramus 
comniunioans  above  and  of  the  gray  ramus  below. 
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the  spinal  nerves.  These  gray  rami  are  found  in  connexion  witli  each  and  all  of 
the  spinal  nerves.  Their  origin  from  the  gangiiated  cord  is  irregular :  they  may 
come  from  the  ganglia  or  the  commissure ;  they  may  divide  after  their  origin,  so 
that  two  spinal  nerves  are  supplied  from  one  ganglion ;  or  two  ganglia  may  supply 
branches  to  a  single  spinal  nerve.  In  relation  to  the  spinal  nerve,  the  gray  ramus 
is  distributed  along  the  somatic  divisions  of  the  nerve,  supplying  branches  to  the 
unstriped  muscular  fibres  (vaso-motor,  pilo-motor)  and  glands  (secretory).  They 
also  provide  small  recurrent  branches,  ending  in  the  membranes  enveloping  the 
spinal  nerve-roots.  Mingled  with  the  non-medullated  fibres  of  the  gray  rami 
are  found  a  small  number  of  meduUated  fibres,  regarded  as  meduUated  sym- 
pathetic fibres,  and  axons  from  the  dorsal  spinal  ganglia  incorporated  with  this 
ramus. 

The  commissural  cords  of  the  sympathetic  system  are  composed  of  white  and 
gray  fibres.  The  white  fibr^  are :  (1)  Splanchnic  efferent  fibres,  passing  to  a 
ganglion  above  or  below  the  point  of  entrance  into  the  sympathetic  system;  (2) 
splanchnic  afferent  fibres,  guided  along  the  commissure  and  over  or  through  the 
ganglia.  The  gray  fibres  are  the  axons  of  sympathetic  ganglion  cells :  (1)  true 
commissural  fibres  passing  into  connexion  with  the  cells  of  a  neighbouring 
ganglion ;  (2)  fibres  passing  along  the  commissure  for  a  certain  distance  upwards 
or  downwards  before  entering  the  splanchnic  area  as  peripheral  branches. 

The  peripheral  (splanchnic)  branches  from  the  sympathetic  cord  consist  of — 
(1)  white  filjres — splanchnic  afferent  fibres  unconnected  with  cells,  and  splanchnic 
efferent  fibres  which,  after  passing  over  the  gangiiated  cord,  are  on  their  way  to 
join  peripheral  (collateral)  or  terminal  ganglia  in  relation  to  the  viscera  ;  and  oi"  (2) 
gray  fibres,  splanchnic  efferent  branches,  the  axons  of  sympathetic  ganglion  cells 
distributed  to  the  vessels  and  viscera  in  the  splanchnic  area. 

THE  CERVICAL  PART  OF  THE  SYMPATHETIC  CORD. 

The  cervical  part  of  the  sympathetic  cord  may  be  regarded  as  an  upward 
prolongation  of  the  primitive  sympathetic  system  along  the  great  vessels  of  the 
neck.  It  is  characterised  by  the  absence  of  white  rami  communicantes  connecting 
it  with  the  cervical  spinal  nerves.  Its  spinal  fibres  ascend  from  the  upper 
thoracic  nerves  in  the  commissural  cord,  and  are  connected  with  the  cells  of  the 
cervical  ganglia.  The  branches  from  the  ganglia  in  the  neck  are  distributed  to 
structures  in  the  head,  neck,  and  thorax  :  (1)  motor  fibres  to  involuntaiy  muscles 
(e.g.  dilator  of  the  pupil) ;  (2)  vaso-motor  fibres  along  the  arteries  of  the  head  and 
neck  and  upper  limbs ;  (3)  pilo-motor  fibres  along  the  cervical  spinal  nerves  to  the 
skin  of  the  head  and  neck ;  (4)  cardio-motor  fibres ;  (5)  and  secretory  fibres  (for 
the  submaxillary  gland). 

The  gangiiated  cord  in  the  neck  is  placed  upon  the  "prevertebral  muscles 
behind  the  carotid  arteries.  It  extends  from  the  root  of  the  neck,  where  it  is  con- 
tinuous behind  the  subclavian  artery  with  the  thoracic  portion  of  the  cord,  to  the 
base  of  the  skull,  where  it  ends  in  the  formation  of  plexiform  branches  upon  the 
internal  carotid  artery.  It  consists  of  a  narrow  commissural  cord  composed  of 
meduUated  and  non-medullated  fibres,  on  which  are  two  or  three  ganglia — a 
superior  ganglion  at  the  upper  end,  an  inferior  gangUon  at  the  point  of  junction 
with  the  thoracic  portion  of  the  cord,  and  an  intermediate  middle  ganglion  varying 
in  position  and  not  always  present. 

The  superior  cervical  ganglion  (g.  cervicale  superius)  is  placed  near  the  base  of  the 
skull,  between  the  internal  jugular  vein  and  the  internal  carotid  artery.  Irregular 
in  shape,  it  is  the  largest  of  the  sympathetic  ganglia,  measuring  three-quarters 
of  an  inch  or  more  in  length.  The  commissural  cord  connects  it  with  the  middle 
ganglion  (g.  cervicale  medium),  which  is  of  small  size,  is  frequently  absent,  and  may 
be  divided  into  two  parts.  It  is  usually  placed  over  the  inferior  thyroid  artery  as 
it  crosses  behind  the  carotid  sheath. 

The  inferior  ganglion  (g.  cervicale  inferius)  is  joined  by  the  commissural  cord  to 
the  middle  (or  superior)  ganglion  above,  and  is  imperfectly  constricted  off  from  the 
first  thoracic  ganglion  below.     It  is  of  considerable  size,  irregular  in  shape,  and  is 
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placed  behind  the  first  part  of  the  subclavian  artery  in  the  interval  between  the 
last  cervical  transverse  process  and  the  neck  of  the  first  rib. 

The  branches  from  the  cervical  sympathetic  ganglia  and  cord  are  divisible  into 
two  sets — (A)  Central  communicating  branches  for  other  nerves ;  (B)  peripheral 
branches  of  distribution,  which  alone,  or  along 
with  other  nerves,  form  plexuses,  accompany- 
ing and  supplying  vessels  and  viscera  of  the 
head,  neck,  and  thorax.  Although  this  dis- 
tinction is  made,  it  is  to  be  borne  in  mind 
that  the  branches  of  communication  are  as 
much  nerves  of  distribution  as  the  others. 


Superior  Cervical  Ganglion. 

Central  Communicating  Branches. — 
1.  Gray  rami  communicantes  pass  from  the 
ganglion  to  the  anterior  primary  divisions  of 
the  first  four  cervical  nerves. 

2.  Communications  with  Cranial  Nerves. — 
Just  outside  the  skull,  in  the  deep  part  of 
the  neck,  communicating  branches  pass  to  the 
following  cranial  nerves :  (a)  to  the  petrous 
ganglion  of  the  glosso- pharyngeal  and  the 
ganglion  of  the  root  of  the  pneumogastric  (n. 
jugularis);  (b)  to  the  ganglion  of  the  trunk  of 
the  pneumogastric ;  (c)  to  the  hypoglossal 
nerve. 

Peripheral  Branches  of  Distribution. — 

1.  Pharynx. — A  pharyngeal  branch  courses 
downwards  and  inwards  behind  the  carotid 
sheath  to  reach  the  wall  of  the  pharynx, 
where  it  joins  (along  with  the  pharyngeal 
branches  of  the  glosso-pharyngeal  and  pneu- 
mogastric nerves)  in  the  formation  of  the 
pharyngeal  plexus,  supplying  the  muscles  and 
mucous  membrane  of  the  pharynx. 

2.  Heart. — The  superior  cervical  cardiac 
branch  is  a  slender  nerve  which,  on  the  right 
side,  descends  behind  the  large  vessels  into 
the  thorax  to  join  the  deep  cardiac  plexus. 
On  the  left  side  the  course  of  the  nerve  is 
similar  in  the  neck,  but  in  the  superior 
mediastinum  it  passes  between  the  left 
carotid  and  subclavian  arteries,  and  over  the 
aortic  arch,  to  join  with  the  inferior  cervical 
cardiac  branch  of  the  pneumogastric  in  the 
formation  of  the  superficial  cardiac  plexus. 
In  their  course  both  nerves  form  connexions 
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Fig.  477. — The  Distribution  op  the  Sympa- 
thetic Gangliated  Cord  m  the  Neck. 

Sy.  1,  Superior  cervical  ganglion,  and  connexions 
and  branches  ;  I.C,  Internal  carotid  artery  ; 
G.Pli,  Glosso-pharyngeal  ;  Va,  Vagus  ;  Hy, 
Hypoglossal  ;  C.l,  2,  3,  4,  First  four  cervical 
nerves  ;  Plex,  Pharyngeal  plexus ;  G.Ph, 
Glosso-pharyngeal  nerve  ;  E.C,  To  external 
carotid  artery  ;  Sy.2,  Middle  cervical  gang- 
lion, connexions  and  branches;  C.5,  6,  Fifth 
and  sixth  cervical  nerves  ;  I. Thy,  Inferior 
thyroid  artery  ;  A.V,  Ansa  Vieussenii  ;  Sy.3, 
Inferior  cervical  ganglion,  connexions  and 
branches  ;  C.7,  8,  Seventh  and  eighth  cer- 
vical nerves  ;  Vert,  Vertebral  plexus  ;  Car, 
Cardiac  branches. 


with  the  other  cervical  cardiac  nerves  of  the 
sympathetic,  and  with  cardiac  and  other  branches  of  the  pneumogastric  (external 
and  inferior  laryngeal). 

3.  Vessels. — :(a)  The  external  carotid  branch  passes  forwards  to  the  external 
carotid  artery,  and  forms  the  external  carotid  plexus,  which  supplies  offsets  to  that 
artery  and  its  branches,  as  well  as  to  the  inter-carotid  body.  From  the  subordinate 
plexuses  on  the  facial  and  middle  meningeal  arteries  sympathetic  fibres  are 
supplied  to  the  submaxillary  and  otic  ganglia  respectively. 

(&)  The  internal  carotid  branch  is  the  attenuated  upward  prolongation  of  the 
ganglion,  which  applies  itself  to  the  internal  carotid  artery  as  it  enters  the  temporal 
bone.    This  branch  subdivides  into  outer  and  inner  parts,  which  form  plexuses 
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iuvewting  the  artery  in  the  cranium.  The  outer  division  forms  the  lower  carotid 
plexus  (pi.  caroticus  internus) ;  the  inner  division  gives  rise  to  the  upper  cavernous 
plexus  (pi.  cavernosus).  Both  plexuses  supply  offsets  to  the  artery  and  its  branches, 
and  form  communications  with  certain  cranial  nerves. 

The  carotid  plexus  communicates  by  fine  branches  with  (a)  the  abducent  nerve, 
and  (b)  the  Gasserian  ganglion,  and  gives  off  .(c)  the  great  deep  petrosal  and  (d) 

the  small  deep  petrosal  nerves.  The  great  deep 
petrosal  nerve  joins  the  great  superficial  petrosal 
nerve  from  the  geniculate  ganglion  of  the  facial, 
upon  the  foramen  lacerum  medium.  By  their  union 
the  Vidian  nerve  is  formed,  which,  after  traversing 
the  Vidian  canal,  ends  in  Meckel's  ganglion.  The 
small  deep  petrosal  nerve  passes  to  the  tympanic 
plexus.  This  plexus,  formed  by  the  small  deep  petrosal 
nerve,  the  tympanic  branch  of  the  glosso-pha.ryngeal, 
a.nd  a  twig  from  the  geniculate  ganglion  of  the  facial 
nerve,  is  placed  on  the  inner  wall  of  the  tympanum. 
It  supplies  the  mucous  lining  of  the  tympanum 
and  Eustachian  tube ;  and  tlie  small  superficial 
petrosal  nerve  passes  from  it  to  the  otic  ganglion. 

The  cavernous  plexus  communicates  with  (a)  the 
oculo-motor,  and  (b)  the  trochlear  nerves,  and  (c)  the 
ophthalmic  division  of  tte  trigeminal  nerve  ;  it  also 
(d)  supplies  twigs  to  the  pituitary  body,  and  (e) 
forms  the  sympathetic  root  of  the  ciliary  ganglion. 
This  may  pass  to  the  ganglion  independently,  or 
may  lie  incorporated  in  the  loTig  root  of  the  ganglion 
from  the  nasal  liranch  of  the  ophthalmic  nerve. 

Middle  Cervical  Ganglion. 

Central  Communicating  Branches.  —  1.  Gray 
rami  communicantes  arise  from  tlie  ganglion  for  the 
iinterior  primary  divisions  of  the  fifth  and  sixth 
cervical  nerves.  2.  The  subclavian  loop  (ansa  Vieus- 
'senii)  is  a  loop  of  communication  from  this  ganglion, 
which,  after  passing  over  and  supplying  offsets  to 
the  subclavian  artery  and  its  l^ranches,  joins  the 
inferior  cervical  ganglion. 

Peripheral  Branches  of  Distribution. — 1.  Heart. 
— A  slender  middle  cervical  cardiac  branch  descends, 
either  separately  or  in  company  with  other  cardiac 
nerves,  behind  the  large  vessels  into  the  thorax, 
where  it  ends  in  the  deep  part  of  the  cardiac  plexus 
on  each  side. 

2.  Thyroid  Body.  —  Branches  extend  inwards 
along  the  inferior  thyroid  artery  to  supply  the  thyroid 
body. 

thetic  branches ;  Va,  Pnenmogastrie  When  the  middle  ganglion  is  absent,  the  branches 
nerve;  R  L,  Recurrent  laryngeal  .described  arise  from  the  commissural  cord. 

nerve  ;  p,  oupenor,  and  i,  Interior 
cervical  cardiac  branches  of  vagus  ; 

D.C.P  Deep  cardiac  plexus  ;  S.C.P,  INFERIOR  CERVICAL  GANGLION. 

Superncial  cardiac  plexus  ;  A.P.  P, 

^S^t'™^';ZIi!:S'"^Vi-^      Central  Communicating  Branches. -1.  Gray 

R.Car.P,  Right,  and  L.Car.p,  Left  rami  communicantes  arise  from  this  ganglion  for  the 
coronary  plexuses;  Art.Pul,  Pui-  anterior  primary  divisions  of  the  seventh  and  eighth 
monary  arteiy.  cervica.l  nerves.     2.   The  subclavian  loop  already 

mentioned  connects  the  middle  and  inferior  ganglia  over  the  front  of  the  subclavian 
artery.    3.  A  communication  frequently  occurs  with  the  inferior  laryngeal  nerve. 


Fi<i.  478. — The  Constitution  of 
THE  C.\KDIAC'  Plexuses. 
Sy,  Cervical  sympathetic  cord  ;  C.l, 
Superior,  C.2,  Middle,  and  C.3,  In- 
ferior cervical  ganglia;  Car.  1, 
Superior,  Car.2,  Middle,  and  Car.3, 
Inferior   cervical    cardiac  sympa- 
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Peripheral  Branches  of  Distribution. — 

1.  Heart. — An  inferior  cervical  cardiac  branch  is 

given  off  on  each  side  to  enter  the  deep  cardiac 
plexus. 

2.  Vessels. — (a)  The  vertebral  plexus  is  a  J 

dense  plexus  of  fibres  surrounding  and  supply-  ^'^^ 
lug  the  vertebral  artery  and  its  branches  in  the 
neck  and  the  cranial  cavity.  Qi)  The  subclavian 
plexus  is  derived  from  the  subclavian  loop,  and 
supplies  small  offsets  to  the  subclavian  artery. 
It  gives  branches  to  the  internal  mammary 
artery,  and  communicates  with  the  phrenic 
nerve. 

THE  THORACIC  PART  OF  THE 
SYMPATHETIC  COED. 

The  thoracic  part  of  the  sympathetic  cord 
consists  of  a  variable  number  of  ganglia  of  an 
irregularly  angular  or  fusiform  shape,  joined 
together  by  commissural  cords  of  considerable 
thickness.  The  number  of  ganglia  is  usually 
ten  or  eleven ;  l:mt  the  first  and  sometimes 
others  may  be  so  fused  with  the  neighbouring 
ganglia  as  to  still  further  reduce  the  number. 
This  part  of  the  sympathetic  cord  is  char- 
acterised by  its  union  with  the  thoracic  spinal 
nerves.  Each  thoracic  nerve,  with  the  possible 
exception  of  the  first,  sends  a  visceral  branch 
(white  ramus  communicans)  to  join  the  gang- 
liated  cord  in  the  thorax.  These  white  rami 
separate  into  two  main  streams  in  relation  to 
the  sympathetic  cord.  Those  of  the  upper  fire 
nerves  are  for  the  most  part  directed  upwards 
in  the  gangliated  cord  to  be  distributed  through 
the  cervical  part  of  the  sympathetic  in  the 
manner  already  described.  The  white  rami  of 
the  lovjer  thoracic  nerves  are  for  the  most  part 
directed  downwards  in  the  lower  part  of  the 
sympathetic  cord  and  its  branches,  to  be  dis- 
tributed in  the  abdomen  ;  at  the  same  time 
some  of  their  fibres  are  directly  associated  with 
the  supply  of  certain  thoracic  viscera, — lungs, 
aorta,  oesophagus. 

These  white  rami  are  composed  of  (1) 
splanchnic  afferent  fibres  passing  from  its  peri- 
•  pheral  branches  through  the  sympathetic  cord 
into  the  dorsal  ganglia  of  the  spinal  nerves 
— medullated  nerve-fibres  unconnected  with  fio.  479.  —  The  Arrangement  of  the 
sympathetic  ganglion  cells  ;  and  (2)  somatic  Sympathetic  System  in  the  Thorax, 
and  splanchnic  efferent  fibres,  small  medullated     ,  abdomen,  and  Pelyis. 

1  •  1  ,      1  1      ,  T.1-12 :  L.l-o :  S.1-5 ;  Co,  Anterior  primary 

nerves,  which,  after- a  longer  or  shorter  course        divisionsof  spinal  nerves,  connected  to  the 

gangliated  cord  of  the  sympathetic  by 
rami  communicantes,  white  (double  lines)  and  gray  (single  lines)  ;  Oes,  (Esophagus  and  oesophageal 
plexus  ;  Ao,  Aorta  and  aorta  plexus  ;  Va,  Vagus  nerve  joining  resophageal  plexus  ;  S.  1,  Great  splanchnic 
nerve  ;  X,  Great  splanchnic  ganglion  ;  S.2,  Small  splanchnic  nerve  ;  S.3,  Least  splanchnic  nerve  ;  Co, 
Coronary  artery  and  plexus;  SpIj,  Splenic  artery  and  plexus  ;  H,  Hepatic  artery  and  plexus  ;  SL,  Semi- 
lunar ganglion  ;  Di,  Diaphragm  ;  S.R,  Supra-renal  capsule  ;  Be,  Renal  artery  and  plexus  ;  S.M,  Superior 
mesenteric  artery  and  plexus  ;  Sp,  Spermatic  artery  and  plexus  ;  I.M,  Inferior  mesenteric  artery  and 
plexus  ;  Hy,  Hypogastric  nerves  and  plexus  ;  Rec,  Rectal  plexus  ;  Ut,  Uterine  plexus  ;  Ves,  Vesical 
plexus  ;  V.V.V,  Visceral  branches  from  sacral  nerves. 
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in  the  ganglia,ted  cord  or  its  peripheral  branches,  become  connected  with  the 
sympathetic  ganghon  cells,  or  with  the  cells  of  peripheral  (collateral  or  terminal) 
ganglia,  from  which  again  (non-medullated)  axons  proceed  to  supply  branches 
to  viscera  and  vessels.  The  idtimate  destination  of  the  upper  stream  of  white 
rami  from  the  thoracic  nerves  has  been  mentioned  ia  the  description  of  the 
cervical  sympathetic  ;  the  peripheral  branches  supplying  thoracic  organs  contain 
vaso-motor -fibres  for  the  lungs  and  aorta.  The  peripheral  branches  from  the  lower 
part  of  the  sympathetic  cord  in  the  thorax,  receiving  white  rami  from  the 
lower  thoracic  nerves,  are  mainly  destined  for  distribution  to  structures  below 
the  diaphragm.  They  comprise  (a)  viscero-inhil:)itory  fibres  for  the  stomach  and 
intestines ;  (b)  motor  fibres  for  part  of  the  rectum ;  (c)  pilo-motor  fibres  for  the 
lower  part  of  the  body ;  (d)  vaso-motor  fibres  for  the  abdominal  aorta  and  its 
branches,  and  for  the  lower  limbs;  (e)  secretory,  and  (/)  sensory  fibres  for  the 
abdominal  viscera.  The  thoracic  part  of  the  sympathetic  cord  is  placed  upon 
the  heads  of  the  ribs,  and  is  covered  over  by  the  pleura. 

The  branches  from  the  gangliated  cord  are,  as  in  the  neck,  divisible  into  two 
sets — (A)  Central  branches,  communicating  with  other  nerves,  and  (B)  peripheral 
branches,  distributed  in  a  plexiform  manner  to  the  thoracic  and  abdominal  viscera. 

Central  Communicating  Branches.  —  The  white  rami  communicantes  from 
the  thoracic  nerves  have  already  been  described.  Passing  forwards  from  the 
beginning  of  the  anterior  primary  divisions  of  the  nerves,  they  become  connected 
with  the  ganglia  or  the  commissural  cord  of  the  sympathetic. 

The  gray  rami  communicantes  are  branches  arising  irregularly  from  each  thoracic 
ganglion,  which,  passing  backwards  along  with  the  white  rami,  join  the  anterior 
primary  divisions  of  the  thoracic  nerves. 

Peripheral  Branches  of  Distribution. — These  branches  arise  irregularly 
from  the  ganglia  and  the  commissural  cord.  They  are  composed  of  non-medullated 
fibres  (splanchnic  efferent),  derived  from  the  ganglion  cells,  and  meduUated  fibres 
(splanchnic  efferent  and  afferent),  derived  directly  from  the  white  rami,  without 
the  intervention  of  the  cells  of  the  ganglia. 

1.  Pulmonary  Branches. — From  the  ganghated  cord  opposite  the  second,  third, 
and  fourth  ganglia  fine  filaments  arise  wliich  joiu  the  posterior  pulmonary  plexus. 

2.  Aortic  Branches. — The  upper  part  of  the  thoracic  aorta  receives  fine  branches 
from  the  upper  five  thoracic  ganglia. 

3.  Splanchnic  Nerves.  —  Three  nerves  arise  from  the  lower  part  of  the 
gangliated  cord,  partly  from  the  ganglia  themselves,  and  partly  from  the  com- 
missural cord  between  the  ganglia.  Passing  downwards  over  the  bodies  of  the 
thoracic  vertebrae  they  pierce  the  diaphragm,  to  end  in  the  abdomen. 

(a)  The  great  splanchnic  nerve  (n.  splanchnicus  major)  arises  from  the 
gangliated  cord  between  the  fifth  and  ninth  ganglia.  By  the  union  of  several 
irregular  strands  a  nerve  of  considerable  size  is  formed,  which  descends  in  the 
posterior  mediastinum,  and  piercing  the  crus  of  the  diaphragm,  joins  at  once  the 
upper  end  of  the  semilunar  ganglion  of  the  solar  plexus.  In  its  course  in  the 
thorax  the  great  splanchnic  ganglion  (g.  splanchnicum)  is  found  upon  the  nerve. 
It  is  more  prominent  in  the  foetus  than  in  the  adult.  From  both  nerve  and  ganglion 
branches  arise  in  the  thorax  for  the  supply  of  the  oesophagus  and  descending 
thoracic  aorta  (Fig.  479). 

(&)  The  small  splanchnic  nerve  (n.  splanchnicus  minor)  arises  from  the  gangliated 
cord  opposite  to  the  ninth  and  tenth  ganglia.  It  passes  over  the  bodies  of  the 
lower  thoracic  vertebrae,  pierces  the  diaphragm  near  or  along  with  the  great 
splanchnic  nerve,  and  ends  in  the  solar  plexus  (aortico-renal  ganglion). 

(c)  The  least  splanchnic  nerve  (n.  splanchnicus  imus)  arises  from  the  last 
thoracic  ganglion  of  the  sympathetic,  or  it  may  be  a  •  branch  of  the  smaller 
splanchnic  nerve.    It  pierces  the  diaphragm,  and  ends  in  the  renal  plexus.  » 

THE  LUMBAR  PAET  OF  THE  SYMPATHETIC  COED. 

The  lumbar  part  of  the  sympathetic  cord  is  placed  upon  the  bodies  of  the 
lumbar  vertebrae,  internal  to  the  origins  of  the  psoas  muscle,  and  in  front 
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of  the  lumbar  vessels.  It  is  connected  with  the  thoracic  portion  of  the  cord  by  an 
attenuated  commissural  cord,  which  either  pierces  or  passes  behind  the  diaphragm. 
It  is  continuous  below  with  the  sacral  portion  of  the  cord  by  a  commissure,  which 
passes  behind  the  common  iliac 
aj-tery.  It  is  joined  by  medul- 
lated  fibres  (white  rami  communi- 
cantes)  from  t"he  first  two  lumbar 
spinal  nerves,  and  it  contains  as 
well  medullated  fibres  continued 
down  from  the  lower  part  of  the 
thoracic  gangliated  cord,  and 
derived  from  the  visceral  branches 
(white  rami  communicantes)  of  the 
lower  thoracic  nerves.  This  part 
of  the  gangliated  cord  is  char- 
acterised by  great  irregularity  in 
the  number  of  the  ganglia.  They 
are  usually  four  in  number,  but 
there  are  frequently  more  (up 
to  eight) ;  and  in  extreme  cases 
fusion  may  occur  to  such  an 
extent  that  the  separation  of 
individual  ganglia  becomes  impos- 
sible. 

White  rami  communicantes.  — 

.The  first  two  (or  three)  lumbar 
spinal  nerves  possess  visceral 
branches  which  form  white  rami 
communicantes  joining  the  upper 
lumbar  ganglia  or  the  gangliated 
cord.  These  nerves  form  the  lower 
limit  of  the  thoracic-lumbar  visceral 
branches  of  the  spinal  nerves. 
They  comprise  vaso- motor  fibres 
(for  the  genital  organs),  and  motor 
fibres  for  the  bladder  and  uterus. 

Central  Communicating 
Branches. — Gray  rami  communi- 
cantes pass  from  the  gangliated 
cord  to  the  anterior  primary  divi- 
sions of  the  lumbar  nerves  in  an 
irregular  manner.  One  ramus  may 
divide  so  as  to  supply  branches  to 
two  adjacent  spinal  nerves ;  or  a 
spinal  nerve  may  be  joined  by 
two  to  five  separate  gray  rami 
from  the  gangliated  cord. 

The  gray  rami  course,  along  with  the  white  rami,  beneath  the  origin  of  the 
psoas  magnus  muscle,  and  over  the  bodies  of  the  vertebrae.  Gray  rami  sometimes 
pierce  the  fibres  of  the  muscle. 

Peripheral  Branches  of  Distribution. — From  the  lumbar  gangliated  cord 
numbers  of  small  branches  arise  irregularly,  and  pass  inwards  to  supply  the 
abdominal  aorta,  reinforcing  the  aortic  plexus  (from  the  solar  plexus). 


Fig.  480. — The  Lumbar  Portion  of  the  Sympathetic. 
Gangliated  Cord  and  Lumbar  Plexus. 
T.ll,  T.12,  L.l,  L.2,  L.3,  L.4,  L.5,  Anterior  primary  divisions 

of  spinal  nerves,  with  white  and  gray  rami  communicantes. 
Sy,  Sympathetic  gangliated  cord ;  Va,  Vagus  nerve  ;  G.S,  Great 
splanchnic  nerve,  joining  semilunar  ganglion ;  S.R.C,  Supra- 
renal capsule  and  plexus  ;  R.Pl,  Renal  plexus  ;  Ao.Pl, 
Aortic  plexus  ;  S.M,  Superior  mesenteric  plexus  ;  LM, 
Inferior  mesenteric  plexus  ;  Hy.Pl,  Hypogastric  plexus  ; 
Q,  Nerves  to  quadratus  lumboram  ;  I.H,  Ilio-hypogastric 
nerve  ;  I.I,  Ilio-ingaiinal  nerve  ;  G.C,  Genito-crural  nerve  ; 
E.C,  External  cutaneous  nerve  ;  A.C,  Anterior  crural  nerve ; 
Acc.Obt,  Accessory  obturator  nerve ;  Obt,  Obturator  nerve ; 
4,  5,  Lumbo-sacral  cord. 


THE  SACEAL  PAET  OF  THE  GANGLIATED  COED. 

The  sacral  part  of  the  gangliated  cord,  like  the  cervical  and  lower  lumbar 
portions  of  this  system-,  receives  no  white  rami  communicantes  from  the  spinal 
nerves.    The  visceral  branches  {pelvic  splanchnic)  of  the  third,  and  usually,  also, 
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the  second  or  fourth  sacral  nerves,  enter  the  pelvic  plexus  without  l)eing  directly 
connected  with  the  gangliated  cord.  These  nerves,  however,  are  to  be  regarded  as 
homologous  with  the  white  rami  communicantes  of  the  thoracico-lumbar  nerves 
{abdominal  splanchnic).  They  convey  to  the  pelvic  viscera — (1)  motor  and 
inhibitory  fibres  for  rectum,  uterus,  and  bladder,  (2)  vaso-dilator  lil:)res  for  the 
genitals,  and  (3)  secretory  fibres  for  the  prostate  gland. 

This  portion  of  the  cord  is  placed  in  front  of  the  sacrum,  internal  to  the  anterior 
sacral  foramina.  It  is  connected  above  by  a  commissural  cord  with  the  lum])ar 
portion  of  the  sympathetic,  and  Ijelow  it  ends  in  a  plexiform  union  over  the  coccyx 
with  the  cord  of  the  other  side,  the  two  being  frequently  connected  by  the 
ganglion  impar  or  coccygeal  ganglion.  The  number  of  ganglia  is  varial  )le  ;  there  are 
commonly  four.  They  are  of  small  size,  gradually  diminishing  from  above  down- 
wards. 

Central  communicating  branches  arise  irregularly  in  the  form  of  gray  rami 
communicantes  from  the  sacral  ganglia,  and  join  the  anterior  primary  divisions  of 
the  sacral  and  coccygeal  nerves. 

Peripheral  Branches  of  Distribution. — (1)  Visceral  branches  of  small  size  arise 
from  the  upper  part  of  the  gangliated  cord,  and  pass  inwards  to  join  the  pelvic 
plexus  (see  below). 

(2)  Parietal  branches,  also  of  small  size,  ramify  over  the  front  of  the  sacrum,  and 
form,  in  relation  to  the  middle  sacral  artery,  a  plexiform  union  with  1  tranches  from 
the  gangliated  cord  of  the  otlier  side. 

SYMPATHETIC  PLEXUSES. 

It  has  already  been  seen  that  the  peripheral  branches  of  the  sympathetic 
gangliated  ,cord  throughout  its  length  are  characterised  by  forming  or  joining 
plexuses  in  their  neighbourhood. 

The  cervical  sympathetic  ganglia  and  nerves  give  rise  to  the  carotid  and 
cavernous  plexuses ;  the  external  carotid,  pharyngeal,  thyroid,  vertebral,  and 
subclavian  plexuses  ;  and  they  send  important  Ijranches  to  the  cardiac  plexuses 
(described  aloug  with  the  pneumogastric  nerve). 

The  thoracic  ganglia  send  branches  to  join  the  pulmonary  and  cesophageal 
plexuses  (described  along  with  the  pneumogastric  nerve).  They  form  plexuses  on 
the  thoracic  aorta,  and  by  means  of  the  splanchnic  nerves  they  form  the  chief 
source  of  the  solar  plexus. 

The  Solar  and  Pelvic  Plexuses. 

These  great  plexuses  serve  to  distribute  nerves  to  the  viscera  and  vessels  of  the 
abdominal  and  pelvic  cavities.  Taken  together  they  include  three  plexuses — the 
solar  plexus,  hypogastric  plexus,  and  the  pelvic  plexuses.  They  are  constituted 
by  peripheral  Itranches  of  the  lower  thoracic,  lumbar,  and  upper  sacral  parts  of  the 
gangliated  cord  of  the  sympathetic ;  and  they  are  related  to  the  central  nervous 
system  by  means  of  the  visceral  branches  (white  rami  communicantes)  of  the  lower 
thoracic  and  iipper  lumbar  nerves  on  the  one  hand,  and  by  the  visceral  branches 
of  the  second  and  third,  or  third  and  fourth  sacral  nerves,  on  the  other  hand.  The 
former  series  join  the  sympathetic  cord,  and  reach  the  solar  plexus  through  the  ■ 
splanchnic  nerves  mainly,  to  a  lesser  extent  through  the  luml)ar  gangliated  cord. 
The  latter  series  enter  the  pelvic  plexus  without  connexion  with  the  sympathetic 
cord.  The  hypogastric  plexus  serves  as  a  connecting  link  between  the  solar  and 
pelvic  plexuses. 

The  solar  plexus  lies  on  the  posterior  al)dominal  wall  behind  the  stomach. 
It  is  composed  of  three  elements :  the  coeliac  plexus  surrounding  the  origin  of  the 
coeliac  axis  between  the  crura  of  the  diaphragm,  and  two  semilunar  ganglia,  each 
lying  on  the  corresponding  crus  of  the  diaphragm,  and  overlapped  Ity  the  supra- 
renal capsule,  and  on  the  right  side  by  the  inferior  vena  cava.  The  plexus  is 
continuous  with  subordinate  plexuses,  diaphragmatic,  suprarenal,  renal,  superior 
mesenteric  and  aortic  ;  and  by  means  of  the  hypogastric  nerves  the  aortic  plexus 
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becomes  continued  into  the  hypogastric  plexus, 
which  again  forms  the  chief  origin  of  the  pelvic 
plexuses. 

Tlie  semilunar 


constitute  the 


ganglia 

chief  ganghonic  centres  in  the  solar  plexuw.  J 
They  are  irregular  in  form.  They  are  often 
partially  subdivided,  and  one  detached  portion 
at  the  lower  end  is  named  the  aortico -renal 
ganglion.  Other  small  scattered  masses  of  cells 
are  present  in  the  coeliac  plexus  (ganglia 
coeliaca).  At  the  upper  end  the  semilunar 
ganglion  receives  the  great  splanchnic  nerve. 
The  aortico -renal  ganglion  at  its  lower  end 
receives  the  smaller  splanchnic  nerve.  Branches 
from  the  ganghon  radiate  in  all  directions — 
inwards  to  join  the  coeliac  plexus,  upwards  to 
form  the  diaphragmatic  plexus,  outwards  to  the 
suprarenal  plexus,  downwards  to  the  renal, 
superior  mesenteric,  and  aortic  plexuses. 

The  coeliac  plexus  forms  a  consideraljle 
plexiform  mass  surrounding  the  coeliac  axis.  It 
consists  of  a  dense  meshwork  of  fibres  with 
ganglia  (g.  coeliaca)  intermingled,  joined  by 
numerous  branches  from  the  semilunar  gang- 
lion on  each  side,  and  hj  branches  from  the 
right  pneumogastric  nerve.  It  is  continuous 
below  with  the  superior  mesenteric  and  aortic 
plexuses.  Investing  the  cceliac  axis,  it  forms 
subsidiary  plexuses  which  accompany  the 
branches  of  the  artery.  The  coronary  plexus 
supplies  branches  to  the  oesophagus  and  stomach ; 
the  hepatic  plexus  supplies  branches  to  the 
liver  and  gall-l)ladder,  stomach,  duodenum,  and 
pancreas ;  and  the  splenic  plexus  sends  offsets  to 
the  spleen,  pancreas,  and  stomach. 

Subordinate  plexuses  are  formed  on  the 
aorta  and  its  branches  by  nerves  derived  from 
the  solar  plexus  (semilunar  ganglia  and  coeliac 
plexus). 

a.  The  diaphragmatic  plexus  consists  of 
fibres  arising  from  the  semilunar  ganglion,  and 
accompanies  the  inferior  phrenic  artery.  Be- 
sides supplying  the  diaphragm,  it  gives  branches 
to  the  suprarenal  plexus,  and  on  the  right  side 
to  the  inferior  vena  cava,  on  the  left  side  to 
the  oesophagus.  It  communicates  on  each  side 
with  the  phrenic  nerve.  At  the  junction  of  the 
plexus  and  phrenic  nerve  of  the  right  side  a 
ganglion  is  formed  (diaphragmatic  ganglion). 

h.  The  suprarenal  plexus  is  of  considerable 
size.  It  is  mainly  derived  from  branches  of 
the  semilunar  ganglion,  reinforced  by  nerves  T.1-12  ;  L.l-5 ;  s.i-5  ;  Co,  Anterior  primary 

divisions  of  spinal  nerves,  connected  to  the 
gangliated  cord  of  the  sympatlietic  by 
rami  commnnicantes,  white  (double  lines)  and  gray  (single  lines)  ;  Oes,  (Esophagus  and  oesophageal 
plexus  ;  Ac,  Aorta  and  aortic  plexus  ;  Va,  Vagus  nerve  joining  oesophageal  plexus  ;  S.  1,  Great  splanchnic 
nerve  ;  X,  Great  splanchnic  ganglion  ;  S.2,  Small  splanchnic  nerve  ;,  S. -3,  Least  splanchnic  nerve  ;  Co, 
Coronary  artery  and  plexus  ;  Spl,  Splenic  artery  and  plexus  ;  H,  Hepatic  artery  and  plexus  ;  S.L,  Seun- 
lunar  ganglion  ;  Di,  Diaphragm  ;  S.R,  Supra-renal  capsule  ;  Re,  Renal  artery  and  plexus  ;  S.M,  Superior 
mesenteric  arterj'  and  plexus  ;  Sp,  Spermatic  artery  and  plexus  ;  I.M,  Inferior  mesenteric  artery  and 
plexus  ;  Hy,  Hypogastric  nerves  and  plexus  ;  Rec,  Rectal  plexus  ;  Ut,  Uterine  plexus  ;  Ves,  Vesical 
plexus  ;  V.V.V,  Visceral  branches  from  sacral  nerves. 


REC.    ur  VES. 
Fiu.  481.  —  The    Arrangement   of  the 
Sympathetic  System  in  the  Thorax, 
Abdomen,  and  Pelvis. 
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from  the  lower  part  of  the  solar  plexus  on  the  capsular  arteries.  It  is  joined  by 
branches  from  the  diaphragmatic  plexus  above  and  from  the  renal  plexus  below. 
The  nerves  enter  the  substance  of  the  suprarenal  capsule. 

c.  The  renal  plexus  is  derived  from  (1)  branches  of  the  semilunar  ganglion,  and 
(2)  fibres  from  the  aortic  plexus,  extending  outwards  along  the  renal  artery  to  the 
hilus  of  the  kidney.  It  receives  also  the  least  splanchnic  nerve,  and  is  connected 
by  numerous  branches  to  the  suprarenal  plexus. 

d.  The  superior  mesenteric  plexus  is  inseparable  above  from  the  coeliac  plexus, 
and  is  joined  on  either  side  by  fibres  from  the  semilunar  ganglion.  It  is  continuous 
below  with  the  aortic  plexus.  A  separate  detached  ganglionic  mass  (superior 
mesenteric  ganglion)  is  present  in  the  plexus.  Accompanying  the  superior  mesen- 
teric artery,  the  plexus  forms  subordinate  plexuses  around  the  branches  of  the 
vessel.  The  plexuses  in  the  mesentery  at  first  surround  the  intestinal  arteries, 
but  near  the  intestine  they  form  fine  plexuses  between  the  layers  of  the  mesentery, 
from  which  branches  pass  to  the  wall  of  the  gut.  This  plexus  supplies  the  small 
intestine,  ctecum,  vermiform  appendix,  ascending  and  transverse  portions  of  the 
colon. 

e.  The  aortic  plexus  is  the  continuation  downwards  of  the  solar  plexus  around 
the  abdominal  aorta.  It  is  continuous  above  with  the  superior  mesenteric  and 
solar  plexuses ;  it  is  reinforced  by  the  peripheral  branches  of  the  lumbar  gangliated 
cord  of  the  sympathetic ;  and  it  is  connected  with  the  hypogastric  plexus  below 
by  the  hypogastric  nerves.  Besides  investing  and  supplying  the  aorta,  the  plexus 
contributes  to  various  subordinate  plexuses  on  the  branches  of  the  artery.  It 
contributes  to  the  suprarenal  and  renal  plexuses,  and  it  gives  rise  to  the  spermatic 
or  ovarian  and  the  inferior  mesenteric  plexuses. 

The  spermatic  plexus  invests  and  accompanies  the  spermatic  artery.  It  is 
derived  from  the  aortic  plexus,  and  receives  a  contribution  from  the  renal  plexus. 
It  supplies  the  spermatic  cord  and  testicle. 

The  ovarian  plexus  in  the  female  arises  like  the  spermatic  plexus.  It  accom- 
panies the  ovarian  artery  to  the  pelvis,  and  supplies  the  ovary,  broad  ligament,  and 
Fallopian  tube.  It  forms  communications  in  the  broad  ligament  with  the  uterine 
plexus  (from  the  pelvic  plexus),  and  sends  fibres  to  the  uterus. 

The  inferior  mesenteric  plexus  is  a  derivative  from  the  aortic  plexus,  prolonged 
along  the  inferior  mesenteric  artery.  It  forms  subordinate  plexuses  on  the 
branches  of  the  artery  (colic,  sigmoid,  and  superior  haemorrhoidal),  and  is  dis- 
tributed to  the  descending  colon,  iliac  colon,  pelvic  colon,  and  upper  part  of  the 
rectum. 

The  hypogastric  nerves  form  the  continuation  of  the  aortic  plexus  into  the 
pelvic  cavity.  They  consist  of  numerous  plexiform  bundles  of  nerve  fibres  which 
descend  along  the  front  and  back  of  the  bifurcation  of  the  aorta  and  the  origin  of 
the  common  iliac  arteries,  over  the  sacral  promontory,  where,  becoming  inextricably 
mingled,  they  constitute  the  hypogastric  plexus. 

The  hypogastric  plexus  is  continued  downwards  and  forwards  in  front  of  the 
sacrum  on  either  side  of  the  rectum,  and  ends  in  the  pelvic  plexuses. 

The  pelvic  plexuses  are  formed  as  stated  by  the  separation  of  the  hypo- 
gastric plexus  into  two  halves  on  either  side  of  the  rectum.    Each  is  joined  by 
fibres  from  the  upper  part  of  the  sacral  portion  of  the  gangliated  cord  of  the 
sympathetic,  and  by  the  visceral  branches  (white  rami  communicantes)  from  the . 
sacral  nerves.     Accompanying  the  internal  iliac  artery  and  its  branches,  each  ^ 
pelvic  plexus  gives  off  subordinate  plexuses  for  the  pelvic  viscera. 

a.  The  hsemorrhoidal  plexus  supplies  the  rectum,  and  joins  the  superior  haemor- 
rhoidal plexus  from  the  inferior  mesenteric  plexus. 

h.  The  vesical  plexus  accompanies  the  vesical  arteries  to  the  bladder-wall. 
Besides  supplying  the  wall  and  mucous  membrane  of  the  bladder,  it  forms  sub- 
ordinate plexuses  for  the  lower  part  of  the  ureter,  the  vesicula  seminalis,  and  the 
vas  deferens. 

c.  The  prostatic  plexus  is  of  considerable  size.  It  is  placed  on  either  side  of 
the  gland,  and  besides  supplying  its  substance  and  the  prostatic  urethra,  sends 
offsets  to  the  neck  of  the  bladder  and  the  vesicula  seminalis.    It  is  continued 
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forwards  on  each  side  to  form  the  cavernous  plexus  of  the  penis  (plex.  cavernosus 
penis).  These  nerves  pierce  the  layers  of  the  triangular  ligament,  and  after 
supplying  the  membranous  urethra  at  the  root  of  the  penis,  give  off  branches  which 
enter  and  supply  the  corpus  cavernosum.  The  cavernous  nerves  communicate  with 
branches  of  the  pudic  nerve,  and  give  offsets  to  the  corpus  spongiosum  and  the 
spongy  portion  of  the  urethra. 

d.  The  uterine  plexus  passes  upwards  for  a  short  distance  with  the  uterine  artery 
between  the  layers  of  the  broad  ligament,  and  is  then  distril)uted  to  the  surfaces 
and  substance  of  the  organ.  It  communicates  between  the  layers  of  the  broad 
ligament  with  the  ovarian  plexus. 

The  vaginal  plexus  is  formed  mainly  by  the  visceral  branches  of  the  sacral 
nerves  entering  the  pelvic  plexus.  It  supplies  the  wall  and  mucous  membrane 
of  the  vagina  and  urethra,  and  provides  a  cavernous  plexus  for  the  clitoris  (plex. 
cavemoSus  clitoridis).  The  uterine  and  vaginal  plexuses  of  the  female  correspond 
0  the  prostatic  plexus  of  the  male. 


DEVELOPMENT  OF  THE  SYMPATHETIC  SYSTEM. 


There  are  two  diametrically  opposite  views  of  the  mode  of  development  of  the  sym- 
pathetic system. 

In  birds  and  mammals  the  first  rudiment  of  the  sympathetic  cord  occurs  in  the 
formation  of  a  longitudinaP  unsegmented  column  of  mesoblastic  cells  (which  stain  more 
deeply  than  the  mesoblast  in  which  they  lie)  on 
either  side  of  the  aorta,  and  coterminous  with  it. 
This  column  of  cells  becomes  joined  at  an  early 
stage  by  the  visceral  branches  of  the  spinal  nerves 
which  grow  inwards  from  the  main  nerve  trunks 
into  the  splanchnic  area,  and  result  from  the 
division  of  the  nerve  into  somatic  and  visceral 
parts.  These  visceral  branches  constitute  the 
white  rami  communicantes.  They  receive  con- 
tributions usually  from  both  dorsal  and  ventral 
roots,  and  gradually  approaching  the  above-men- 
tioned column  of  mesoblastic  cells,  they  become 
intimately  associated  with  the  cells.  In  some 
cases  fibres  of  the  visceral  nerves  pass  over  the 
cellular  column  into  the  splanchnic  area  without 
connexion  with  it  (Fig.  483).  By  the  junction  of 
these  visceral  nerves  with  the  cells  of  the  column, 
certain  cells  -persist  and  produce  the  ganglia. 
The  intervening  portions  of  the  column,  by 
changes  in  the  cells,  and  by  the  addition  possibly 
■of  fibres  belonging  to  the  visceral  nerves,  give 
I'ise  to  the  commissural  cords.  The  cellular 
colunm,  besides  producing  the  gangliated  cord, 
by  the  further  growth  of  its  cells  and  their 
extension  centrally  and  peripherally,  produces  the 
gray  rami  communicantes,  parts  of  the  peri- 
pheral branches,  and  the  peripheral  (collateral 
and  terminal)  ganglia,  as  well  as  the  medullary 
portion  of  the  suprarenal  capsule.  The  cervical, 
lower  lumbar,  and  sacral  portions  of  the  sympa- 
thetic gangliated  cord  are  secondary  extensions 
from  the  more  primitive  condition,  gradually 
growing  upwards  and  downwards  along  the  main 
vessels.  These  portions  of  the  system  are  not 
provided  with  white  rami  communicantes.  The 
ganglia  of  the  sympathetic  assume  their  segmented 
appearance  (1)  from  the  persistence  of  the  primitive 
■cells  and  their  connexion  with  the  spinal  nerves 
by  means  of  the  white  and  gray  rami  communicantes,  and  (2)  from  the  way  in  which  the 
primitive  column  is  moulded  by  the  surrounding  structures  (bones,  segmental  arteries,  etc.). 
43 


Flu.  482. — The  Developjiext  of  the 
Sympathetic  Gangliated  Cord. 

Sy,  Sympathetic  cord  ;  Spl,  Splanchnic  branches 
of  spinal  nerves  (white  rami  communi- 
cantes) ;  V.S,  Vertebral  Segments  ;  D.G, 
Dorsal  sanglia. 
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Another  account  of  the  development  of  the  sympathetic  system,  supported  by  high 
authority,  describes  the  gangliated  cord  as  an  outgrowth  of  the  dorsal  ganglia  of  the 
spinal  nerves.  It  is  said  that  each  ganglion  gives  off  a  bud  at  its  lower  end,  which,  grow- 
ing inwards  into  the  splanchnic 
area,  becomes  attached  to  the  trunk 
of  the  spinal  nerve  just  beyond  the 
union  of  the  dorsal  and  ventral 
roots.  The  bud  still  extending 
inwards  into  the  splanchnic  area, 
remains  associated  with  the  nerve 
by  an  attenuated  stalk.  These  buds 
become  the  ganglia,  M'hich,  after 
reaching  their  permanent  place  in 
the  splanchnic  area,  are  supposed 
to  extend  upwards  and  downwards 
so  as  to  coalesce  and  form  a  beaded 
chain  of  ganglia.  The  stalks  con- 
necting  the  ganglia  with  the  spinal 
nerves  become  the  white  rami  com- 
municantes.  This  mode  of  develop- 
ment does  not  satisfactorily  account 
for  several  impoi'tant  features  of 
the  sympathetic  system — the  de- 
velopment of  those  parts  of  the 
gangliated  cord  which  possess  no 
white  rami,  the  absence  of  a  real 
segmental  character  in  the  cord 
(remarkably  shown  in  the  foetus), 
and  the  constancy  of  continuity  in 
the  gangliated  cord.  No  instance 
is  recorded  of  a  hiatus  between 
two  ganglia.  It  is  a  tempting  view  on  the  other  hand,  as  it  ascribes  to  the  one  germinal 
layer  (epiblast)  the  formation  of  all  the  elements  of  the  nervous  system,  and  it  brings  the 
sympathetic  ganglia  into  serial  homology  with  isolated  ganglia  on  the  cranial  nerves  {e.g. 
the  ciliary,  spheno-palatine,  and  otic,  on  the  trigeminal  nerve). 


Fig.  483. — Section  through  the  Sympathetic  Gangliated 
Cord  of  an  Embryo. 

Showing  the  connexion  with  the  ganglion  (Sy)  of  the  white 
ramus  communicans  (Spl)  ;  (a)  a  portion  of  the  ramus  join- 
ing the  ganglion  ;  (/3)  fibres  passing  over  the  cord,  accom- 
panied by  a  stream  of  cells  ;  (7)  continuous  with  those  of 
the  ganglion  ;  (Ao)  Aorta. 


The  Morphology  of  the  Sympathetic  System. 

From  a  coiisideration  of  its  structure,  functions,  and  development,  there  appear  to  be  two 
sejjarate  structures  represented  in  the  sympathetic  nervous  system— the  spinal  and  the  sym- 
pathetic elements.  The  structure  of  the  system  presents  a  union  of  two  distinct  elements — fibres 
of  cerebro-spinal  nerves  and  "sympathetic"  cells  and  fibres.  While  the  function  of  the 
gangliated  cord  and  its  branches  seems  to  be  absolutely  dependent  upon  the  cerebro-spinal  nervous 
system,  it  is  certain  that  the  cells  and  fibres  of  the  sympathetic  system  possess  a  vital  activity 
apart  from  their  connexion  with  the  central  nervous  system.  In  the  development  of  the 
symijatlietic  it  is  at  least  highly  probable  that  a  mesoblastic  rudiment  or  precursor  forms  the 
basis  of  the  sympathetic  system,  which  is  secondarily  joined  by  nerve  fibres  from  the  roots  of  the 
spinal  nerves. 

Morphologically  this  part  of  the  nervous  system  is  essentially  a  longitudinal  cord  or  column, 
associated  with  involuntary  muscles  and  glandular  tissues,  and  particularly  related  to  the  organs 
in  the  splanchnic  area.  Like  other  longitudinal  structures  in  the  body,  and  especially  like  the 
organs  of  the  splanchnic  area,  the  sympathetic  system  is  not  truly  segmental.  The  gangliated 
cord  is  only  quasi-segmental,  the  segmentation  being  attributable  to  its  junction  with  the 
visceral  branches  of  the  spinal  nerves.  The  peripheral  branches  from  the  gangliated  cord  are 
not  segmental ;  even  the  gray  rami  are  not  properly  metameric,  but,  like  the  ganglia,  assume^ 
segmental  character  in  consequence  of  their  connexions  with  the  spinal  nerves. 

The  phylogenetic  relation  of  the  sympathetic  and  the  cerebro-spinal  elements  in  the  system 
it  is  impossible  to  determine.  It  may  be  that  the  sympathetic  system  is  the  representative  of 
an  ancient  architecture  independent  of  the  cerebro-spinal  nervous  system,  the  materials  of  which 
are  utilised  for  a  more  modern  nervous  system  ;  or  it  may  be  that  the  correlation  of  spinal 
nerves  and  sympathetic  are  both  the  consequences  of  the  formation  of  new  organs  and  structures 
in  the  splanchnic  area.  Examined  in  every  light,  it  possesses  features  which  efi'ectually  differ- 
entiate it  from  the  cerebro-spinal  system,  although  it  has  become  inextricably  united  with  it 
and  subservient  to  it. 


THE  ORGANS  OF  SENSE  AND  THE 


INTEGUMENT. 

By  Egbert  Howden. 
THE  NOSE. 

The  nose  constitutes  the  peripheral  part  of  the  organ  of  smell  (organon  olfactus), 
since  to  the  upper  portion  of  its  mucous  lining  the  branches  of  the  olfactory  nerve 
are  distributed.  It  consists  of  an  external  portion,  the  outer  nose,  which  projects 
from  the  face,  and  of  an  internal  part,  or  cavum  nasi,  which  is  divided  by  a  vertical 
septum  into  right  and  left  cavities  or  fossa3. 

The  outer  nose,  or  nasus  externus,  forms  a  more  or  less  triangular  pyramid,  of 
which  the  upper  angle  is  termed  the  root  (radix  nasi)  and  is  usually  separated  from 
the  glabella  hj  a  depression,  while  its  base  (basis  nasi),  directed  downwards,  is  per- 
forated by  the  apertures  of  the  nostrils  (anterior  nares).  Its  free  angle  is  named 
the  point  (apex  nasi),  and  the  anterior  border,  joining  root  and  point,  is  termed  the 
dorsum  nasi ;  the  upper  part  of  the  dorsum  is  supported  by  the  nasal  bones,  and  is 
named  the  bridge.  The  lateral  aspects  of  the  nose  are  continuous  with  the  eyelids 
above  and  with  the  cheeks  below,  forming,  with  the  latter,  a  varying  angle.  Each 
lateral  surface  ends  inferiorly  in  a  mobile  and  expanded  portion,  the  ala  nasi,  which 
forms  the  outer  boundary  of  the  anterior  nares  and  is  limited  above  by  a  furrow, 
the  alar  sulcus.  The  skin  covering  the  nose  is  thin  and  movable  over  the  root,  but 
thick  and  adherent  over  the  point  and  alae,  where  it  contains  numerous  large 
sebaceous  glands. 

The  arterial  supply  of  the  outer  nose  is  derived  from  the  facial  and  ophthalmic  arteries,  and 
its  veins  drain  themselves  into  the  facial  and  ophthalmic  trunks.  Its  lymphatics  follow  the 
course  of  the  facial  vein  and  open  into  the  submaxillary  lymphatic  glands.  The  facial  nerve 
supplies  its  muscles,  while  the  sensory  nerves  for  the  skin  are  the  infratrochlear  and  nasal  branches 
of  the  ophthalmic  nerve  and  the  infraorbital  branch  of  the  superior  maxillary  nerve. 

The  nose  presents  great  variety  as  to  its  size  and  shaj^e,  and  certain  well-defined  types,  such  as 
aquiline,  Grecian,  etc.,  are  described.  The  relation  which  its  breadth,  measured  across  the  alse, 
bears  to  its  length,  measured  from  root  to  point,  is  termed  the  cephalometric  nasal  index,  and  is 
expressed  thus : 

greatest  breadth  x  100 
greatest  length. 

In  white  races  this  index  is  below  70  (leptorhines) ;  in  yellow  races,  between  70  and  85 
(mesorhines) ;  and  in  black  races,  above  85  (platyrhines). 

CAETILAGES  OF  THE  i^OSE. 

In  addition  to  the  bony  skeleton  of  the  nose  there  are  five  chief  cartilages 
(cartilagines  nasi)  which  contribute  to  the  production  and  maintenance  of  its 
shape.  These  are  named — (a)  the  cartilage  of  the  septum,  and  (b)  the  upper  and 
lower  lateral  cartilages,  on  each  side. 

The  cartilage  of  the  septum  (cartilago  septi  nasi,  Fig.  484)  is  of  an  irregularly 
quadrilateral  form.  Its  postero-superior  edge  is  attached  to  the  mesethmoid;  its 
postero-inferior  margin  to  the  vomer  and  intermaxillary  crest.    Its  antero-superior 
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border  is  tliick  and  is  fixed  above  to  the  back  of  the  internasal  suture  ;  below  the  level 
of  the  nasal  bones  it  is  continued,  on  either  side,  into  the  upper  lateral  cartilages, 
which  may  be  looked  upon  as  its  wing-like  expansions.     The  lower  part  of  this 


Fig.  484. — Later.vl  View  of  Nasal  Septum. 


Ijorder  is  separated  by  a  furrow  from  the  upper  lateral  cartilages  and  extends  down- 
wards between  the  inferior  lateral  cartilages,  to  which  it  is  attached  by  fibrous 
tissue.  In  this  fibrous  tissue  a  small  sesamoid  cartilage  is  usually  seen  on  each  side 
of  the  middle  line.  Its  antero-inferior  border  is  short  and  is  attached  by  fibrous 
tissue  to  the  mesial  plates  of  the  lower  lateral  cartilages,  while  its  anterior  angle  is 
rounded  and  does  not  reach  as  far  as  the  point  of  the  nose.  The  lowest  part  of  the 
nasal  septum  is  not  formed  by  the  septal  cartilage,  but  by  the  mesial  plates  of  the 
lower  lateral  cartilages  and  by  the  integument,  and,  being  freely  movable,  is  termed 
the  septum  mobile  nasi.  The  cartilage  of  the  septum  may  be  prolonged  backwards 
(especially  in  children)  as  a  tongue-like  process  into  the  angle  between  the  vomer 
and  ethmoid.  This  process,  varying  in  width  from  4-6  mm.,  is  named  the  processus 
sphenoidalis  septi  cartilaginei,  and  sometimes  reaches  as  far  as  the  body  of  the 
sphenoid. 

Lying  along  the  lower  edge  of  the  cartilage  of  the  septum,  and  best  seen  on 
making  a  coronal  section  of  the  nose,  are  a  couple  of  elongated  cartilaginous  strips. 
Each  measures  from  6-12  mm.  in  length,  is  attached  to  the  vomer,  and  is  named 
the  vomerine  cartilage  (cartilago  vomeronasahs,  Jacobsoni). 

The  upper  lateral  cartilage  (cartilago  nasi  laterahs.  Figs.  485,  486)  is  triangular 
in  shape  and  situated  immediately  below  the  nasal  bone,  to  which  and  to  the 
superior  maxilla  its  thin  posterior  border  is  attached.  Its  anterior  edge  is  thick 
and  its  upper  part  is  directly  continuous  with  the  cartilage  of  the  septum.  Its  lower 
margin  is  joined  liy  filirous  tissue  to  the  upper  edge  of  the  lower  lateral  cartilage. 

The  lower  lateral  cartilage  (cartilago  alaris  major.  Figs.  485,  486,  487)  encircles 
the  anterior  part  of  the  nostril  and  assists  in  keeping  it  open.  It  consists  of  two 
plates,  outer  and  inner,  which  are  continuous  with  each  other  in  a  rounded  angle 
at  the  point  of  the  nose.  The  outer  plate,  or  crus  laterale,  is  oval  in  shape  and  is 
attached  to  the  upper  lateral  cartilage  and  to  the  superior  maxilla  by  filji'ous  tissue. 


NASAL  FOSS^. 
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Nasal  process  of 
superior  maxilla 


Fig.  485. — Profile  View  of  the  Bony  and  Cauti- 
LAGiNODS  Skeleton  of  the  Nose. 


Continuous  with  its  postero-superior 
angle  are  two  or  three  small  carti- 
laginous pieces  (cartilagines  alares 
uiinores),  while  sometimes  a  horizon- 
tal furrow  cuts  off  a  narrow  linear 
part  from  its  upper  aspect.  The 
lower  edge  of  the  outer  plate  does 
not  reach  down  as  far  as  the  lateral 
boundary  of  the  nostril,  the  ala  being 
devoid  of  cartilage  and  composed 
merely  of  fatty  and  connective 
tissue  covered  by  skin.  The  inner 
plate,  or  crus  mediale  (Fig.  487), 
bounds  the  inner  aspect  of  the  nostril 
and  lies  in  the  septum  mobile  nasi, 
below  the  anterior  part  of  the  carti- 
lage of  the  septum.  The  mesial 
plates  of  the  two  cartilages  are  separ- 
ated in  front  by  a  notch,  which 
con^esponds  with  the  point  of  the 
nose,  and  each  curves  slightly  out- 
wards posteriorly  and  ends  in  a 
rounded  extremity. 

NASAL  FOSS^. 

The  nasal  fossae  (Fig.  488)  are 
two  in  number  and  are  placed  one  on 
each  side  of  the  middle  line.  They 
extend  from  the  anterior  to  the 
posterior  nares  or  choanse,  and  open  through  the  latter  into  the  naso- pharynx. 
Their  bony  boundaries  are  described  in  the  section  on  Osteology  (p.  158).  On 

-  the  lateral  wall  of  each  are  found 

the  orifices  of  the  frontal,  eth- 
moidal, sphenoidal,  and  maxillary 
sinuses,  together  with  that  of  the 
nasal  duct. 

Immediately  above  the  aperture 
of  the  nostril  is  a  slightly  ex- 
panded area,  the  vestibule  (vesti- 
bulum  nasi).  This  is  bounded 
externally  by  the  lower  lateral 
cartilage,  and,  internally,  by  the 
lower  part  of  the  septum,  and  is 
prolonged  towards  the  tip  of  the 
nose  as  a  small  pouch,  termed  the 
ventricle.  Partly  subdivided  by  a 
curved  ridge,  the  vestibule  is  lined 
by  skin  and  contains  hairs  and 
sebaceous  glands.  The  hairs,  or 
vibrissae,  springing  from  its  lower 
half,  are  stout  and  curved  down- 
wards to  guard  the  entrance  to  the 
nostril.  The  upper  part  of  the 
vestibule  is  smooth  and  is  limited 
above  and  behind  by  a  slightly- 
marked  arched  prominence,  the 
limen  nasi,  beyond  which  the  fossa 
is  lined  by  mucous  membrane. 


Nasal  bone 

Nasal  process  of 
superior  maxilla 


Upper  lateral 
cartilage 
Cartilage  of 
septum 

Sesamoid 
cartilage 
Lower  lateral 
cartilage 
Crus  laterale 

Crus  mediale 


Fig.  486. — Front  View  of  the  Bony  and  Cartilaginous 
Skeleton  of  the  Nose. 
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Crus  laterale  ^  of  lower 

,.  ,   '  lateral 
medialej^^,.j,, 


Fatty  tissue  of 
nasi 


Fig.  487. — Cartilages  of  Nose  from  Below. 


The  nasal  fossa  above  and  behind  the  vestibule  is  divided  into  two  parts,  viz. 
an  upper  or  olfactory,  and  a  lower  or  respiratory  region.  The  olfactory  part,  or  regio 
olfactoria,  is  a  narrow  sht-like  cavity,  and  comprises  the  region  of  the  superior 

turbinated  bone,  together  with  a  correspond- 
ing portion  of  the  septum.  The  respiratory- 
part,  or  regio  respiratoria,  is  expanded,  and 
includes  the  lower  and  remaining  parts  of 
the  fossa. 

Inner  Wall  or  Septum  Nasi  (Fig.  484). 
— -Where  the  bony  septum  is  deficient, 
below  and  in  front,  the  gap  is  filled  by  the 
septal  cartilage.  Until  the  seventh  year 
the  nasal  septum  lies,  as  a  rule,  in  the 
mesial  plane,  but  after  this  age  is  very 
often  deflected  to  one  or  other  side — more 
frequently  to  the  right  —  the  deflection 
taking  place  along  the  line  of  junction  of  the  vomer  and  mesethmoid.  In  the 
floor  of  the  fossa,  close  to  the  lower  edge  of  the  septal  cartilage  and  immediately 
over  the  incisive  foramen,  a  slight  depression,  the  recessus  nasopalatinus,  may  be 
seen.  It  is  directed  downwards  and  forwards,  and  indicates  the  position  of  the 
communication 
which  originally  \ -^"^'-^^'^-^ 
existed  between 
the  nasal  and 
buccal  cavities. 
In  the  septum, 
a  little  above 
and  in  front 
of  this  depres- 
sion, is  a  minute 
orifice,  not  always 
recognisable, 
from  which  a 
blind  pouch  ex- 
tends upwards 
and  backwards 
for  a  distance  of 
from  2  to  9  mm. 
This  is  the  rudi- 
mentary organ  of 
Jacobson  (orga- 
non  vomero- 
nasale)  and  is 
supported  by  the 
vomerine  carti- 
lage. In  many  of 


Antrum  of 
Highmore 


Inferior 
meatus 


Fig.  488. — Coronal  Section  through  Nasal  Fossje 
Viewed  from  Behind. 


Anterior  Half  of  Section 


and  in  them  probably 
the  olfactory  nerve  is 


the  lower  animals  this  organ  is  well  developed  (Fig.  489), 
plays  a  part  in  the  sense  of  smell,  as  to  it  a  branch  of 
distributed. 

Outer  Wall  (Fig.  490). — Above  the  superior  turbinated  bone  is  a  narrow  recess,  the 
recessus  spheno-ethmoidalis,  into  the  posterior  part  of  which  the  sphenoidal  air  sinus 
opens.  The  superior  meatas  (meatus  nasi  superior)  is  a  short  oblique  fissure,  directed 
downwards  and  backwards,  under  cover  of  the  superior  turbinated  bone ;  into  its 
antero-superior  portion  the  posterior  ethmoidal  cells  open  by  one  or  more  orifices. 
The  middle  meatus  (meatus  nasi  medius),  situated  externally  to  the  middle  turbinated 
bone,  is  a  roomy  passage,  and  is  continued  forwards  into  a  slightly  depressed  area 
termed  the  atrium  meatus  nasi,  which  lies  immediately  above  the  vestibule.  The 
atrium  is  limited  aljove  and  in  front  by  a  low  ridge,  the  agger  nasi,  the  repre- 
sentative of  the  naso-turbinal  found  in  many  animals.    On  raising  or  removing  the 
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middle  turbinated  bone  a  rounded  elevation,  the  bulla  ethmoidalis,  is  seen.  This 
varies  in  size  and  is  directed  downwards  and  forwards,  whilst  opening  either  on  it 
or  above  it  are  the  oritices  of  the  middle  ethmoidal  cells.  Curving  upwards  and 
forwards,  below  and  in  front  of  the  bulla 
ethmoidalis,  is  a  deep,  narrow  groove,  the 
hiatus  semilunaris,  into  which  the  anterior 
ethmoidal  cells  and  the  antrum  of  Highmore 
open.  The  opening  of  the  latter  is  placed 
near  the  roof  of  the  antrum,  and  may  be 
duplicated.  The  middle  meatus  extends  up- 
wards and  forwards,  and,  becoming  narrowed, 
is  continued  into  the  infundibulum  or  channel 
leading  into  the  frontal  air -sinus.  The 
inferior  meatus  (meatus  nasi  inferior)  lies 
below  the  inferior  turbinated  bone,  under 
cover  of  the  anterior  part  of  which  is  found 
the  slit -like  orifice  of  the  nasal  duct  (see 
p.  698). 

Mucous  Membrane  (membrana  mucosa 
nasi). — The  Schneiderian  or  nasal  mucous  membrane  is  thick,  highly  vascular, 
and  firmly  bound  to  the  subjacent?; periosteum  and  perichondrium.  It  is  continuous, 
through  the  choante,  with  the  mucous  lining  of  the  naso-pharynx ;  through  the 
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FiG."489. — Section  through  Nose  of  Kitten, 
showing  position  of  Jacobson's  organ. 
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Fig.  490. — View  of  the  Outer  Wall  op  the  Nose — the  Turbinated  Bones  having  been  removed. 


1.  Vestibule. 
3  %  Hiatus  semilunaris. 
^  3.  Opening  of  antrum  of  Highmore. 


4.  Bulla  ethmoidalis. 

5.  Agger  nasi. 

6.  Opening  of  anterior  ethmoidal  cells. 


7.  Cut  edge  of  superior  turbinated  bone. 
S.  Cut  edge  of  middle  turbinated  bone. 
9.  Pharyngeal  orifice  of  Eustachian  tube. 


nasal  duct,  with  the  conjunctiva ;  and,  through  the  apertures  leading  into  the  air- 
siniises,  with  the  delicate  lining  of  these  cavities. 

Throughout  the  respiratory  region  it  is  covered  by  columnar,  ciliated  epi- 
thelium, interspersed  amongst  which  are  goblet  or  mucin  cells,  whilst  between  the 
bases  of  the  columnar  cells  smaller  pyramidal  cells  are  interpolated.    It  contains  a 
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Zone  of  oval 
nuclei 
Zone  of 
round  nuclei 
Basal  cells 


Kiiitlieliuni 


Fig.  491. — Section  thhougu  the  Olkactouy  Mucous  Membh.vnk. 


freely  auastomosiug  venous  plexus,  which,  iu  some  parts,  e.g.  over  the  inferior 
turbinated  bones,  forms  a  kind  of  cavernous  tissue  (plexus  cavernosus  concharum). 

Many  acinous 
glands,  secreting  a 
watery  fluid,  are 
embedded  in  it,  and 
are  especially  large 
and  numerous  in 
the  posterior  half 
of  the  nasal  fossaj, 
while  in  children 
it  contains  a  con- 
siderable amount  of 
adenoid  tissue. 

In  the  olfactory 
region  the  mucous 
membrane  is 
yellowish  in  colour 
and  more  delicate, 
and  is  covered  by 
non-ciKated  colum- 
nar epithelium 
(Figs.    491,  492). 

Embedded  in  it  are  numerous  tubular  and  often  branched  glands,  the  glands  of 
Bowman  (gl.  olfactoriai) ;  these  are  lined  by  polygonal  cells  and  open  by  fine  ducts 
on  its  free  surface.    The  epithelium  covering  the  olfactory  region  consists  of: 

(1)  supporting  cells, 

(2)  olfactory  cells,  and 

(3)  basal  cells. 

1.  Supporting  Cells. 
—  The  outer  part  of 
these  cells  is  columnar 
in  shape  and  contains 
fine  granules  of  yellow 
pigment,  whilst  the 
deeper  portion  is  at- 
tenuated and  frequently 
branched.  They  contain 
elliptical  or  oval  nuclei, 
which  are  situated  at  the 
deep  end  of  the  columnar 
part  of  the  cell  and  form 
what  is  termed  the  zone 
of  oval  nuclei. 

2.  Olfactory  CeDs.— 
They  are  spindle-shaped 
and  lie  between  the 
deeper,  attenuated  parts 
of  the  supporting  cells ; 
their  nuclei  are  circular 
and  form  the  zone  oi' 
round  nuclei.  Each  cell 
gives  off  a  peripheral  and  a  central  process,  the  former  of  which  is  rod-like  and 
ends  on  a  level  with  the  free  extremities  of  the  supporting  cells,  where  it  is 
surmounted  by  a  pencil  of  short  filaments,  termed  the  olfactory  hairs.  A  fine 
membrane,  the  membrana  limitans  externa,  covers  in  many  animals  the  free 
surface  of  the  epithelium,  and  is  pierced  l)y  the  olfactory  hairs  and  by  the  ducts 
of  Bowman's  glands. 

The  central  process  is  a  A  ery  delicate  varicose  filament,  which  passes  inwards 


Olfactoiy 
linirs 


Supporting  _ — -r 
cells 


Centr: 
processes  of _ 
olfactory 


_  Olfactory 
hairs 


Body  of 
cell 


-Nuclcu!) 


Central 
process 


Fig.  492 

A.  Frog  \ 

B.  Human  j 


-Olfactouy  .\nd  SurroKTiNG  Cells. 

,  C.  Human  (v.  Brunn) 

M.  Soliultze. 


THE  EYE. 


681 


and  is  continuous  with  a  fibril  of  the  olfactory  nerve.  Eacli  of  these  nerve  fibrils 
probably  retains  its  independence  from  its  point  of  origin  in  an  olfactory  cell  to  its 
termination  in  the  olfactory  bulb,  in  the  glomerular  layer  of  which  it  forms  a  free 
arborisation. 

3.  Basal  Cells. — These  cells  are  branched,  and  lie  on  a  basement  membrane 
between  the  deep  extremities  of  the  supporting  and  olfactory  cells. 

Olfactory  Nerves. — These  nerves  traverse  the  cribriform  plate  of  the  ethmoid 
bone,  and  are  at  first  lodged  in  the  bony  canals  or  grooves  situated  on  the  inner 
and  outer  walls  of  the  olfactory  area,  and,  reaching  the  deep  surface  of  the  mucous 
membrane,  are  continued  into  the  central  processes  of  the  olfactory  cells.  The 
olfactory  nerves  possess  no  meduUary  sheath. 

f  The  fifth  cranial  nerve  supplies  branches  of  ordinary  sensation  to  the  nasal  mucous  membrane 
as  follows :  The  septum  is  chiefly  supplied  by  the  naso-palatine  nerve,  but  its  posterior  part 
receives  some  filaments  from  Meckel's  ganglion  and  the  Vidian  nerve,  and  its  anterior  portion 
from  the  nasal  branch  of  the  ophthalmic.  The  outer  wall  is  supplied — (1)  by  the  iipper  nasal 
branches  of  the  Vidiaq.  nerve  and  Meckel's  ganglion  ;  (2)  by  the  lower  nasal  branches  derived  from 
the  anterior  palatine;  and  in  front  by  (3)  the  outer  division  of  the  nasal  branch  of  the  ophthalmic. 
The  floor  and  anterior  part  of  the  inferior  meatus  are  supplied  hy  a  nasal  branch  of  the  ai\terior 
superior  dental  nerve. 

Blood-vessels. — Arteries.  The  chief  artery  of  the  nose  is  the  spheno-palatine  branch  of  the 
internal  maxillary  artery.  This  reaches  the  nasal  cavity  through  the  spheno-palatine  foramen,  and 
divides  into — (a)  posterior  nasal,  which  ramifies  over  the  turbinated  bones  and  sends  branches  to 
the  antrum  and  to  the  frontal  and  ethmoidal  cells ;  and  (6)  naso-palatine,  the  artery  of  the 
septum.  Twigs  are  given  to  the  upjier  portion  of  the  cavity  by  the  anterior  and  posterior 
ethmoidal  arteries,  wdiile  its  jjosterior  part  receives  some  small  branches  from  the  descending 
jjalatine  vessel.  The  nostrils  are  supplied  "by  the  lateral  nasal  branch  of  the  facial,  and  by  the 
septal  artery  of  the  superior  coronary.  The  antrum  is  partly  supplied  by  the  infraorbital  artery, 
whilst  the  sphenoidal  sinus  gets  its  chief  supply  from  the  pterygo-palatine  vessel.  The  veins 
form  a  dense  plexus  almost  resembling  cavernous  tissue  in  structure.  This  condition  is  well  seen 
in  the  resjiiratory  region,  and  especially  so  over  the  middle  and  inferior  turbinated  bones  and  on 
the  lower  part  of  the  septum.  The  venous  blood  is  carried  in  three  chief  directions,  viz. 
fonvards  into  the  facial  vein,  hackimrds  into  the  spheno-palatine  vein,  and  iqnvards  into  the 
ethmoidal  veins.  The  ethmoidal  veins  communicate  with  the  ophthalmic  veins  and  the  veins  of 
the  dura  mater ;  further,  an  ethmoidal  vein  passes  up  through  the  cribriform  plate  of  the 
ethmoid,  and  eitber  opens  into  the  venous  jalexus  of  the  olfactory  bulb  or  directly  into  one  of  the 
veins  of  the  orbital  part  of  the  frontal  lobe  of  the  brain.  The  lymphatics  form  an  irregular  net- 
work in  the  superficial  part  of  the  mucous  membrane,  and  can  be  injected  from  the  subdural  or 
subarachnoid  space.  The  larger  vessels  are  directed  back-wards  towards  the  choanag  and  are 
collected  into  two  trunks,  of  which  the  larger  passes  to  a  lymphatic  gland  in  front  of  the 
axis  vertebra  and  the  smaller  to  one  or  two  glands  situated  near  the  great  cornu  of  the  hyoid 
bone. 

The  development  of  the  nose  is  described  in  the  section  which  deals  with 
"  General  Embryology  "  (p.  36). 

THE  EYE. 

The  eyeball  or  globe  of  the  eye  (bulbus  oculi)  constitutes  the  chief  part  of  the 
organ  of  sight  (organon  visus) ;  but,  associated  with  its  description,  certain 
accessory  structures,  such  as  the  eyelids  and  the  lachrymal  apparatus,  fall  to  be 
considered. 

THE  EYEBALL. 

Situated  in  the  anterior  part  of  the  orbital  cavity,  the  eyeball  is  protected  in 
front  by  the  eyelids  and  by  their  mucous  hning,  the  conjunctiva,  and  is  pierced 
behind  by  the  optic  nerve,  or  nerve  of  sight,  which  spreads  out  to  form  its  innermost 
tunic,  the  retina.  The  tendons  of  the  ocular  muscles  are  attached  to  its  outer 
surface  a  short  distance  in  front  of  its  equator,  while  its  posterior  two-thirds  are 
enveloped  by  a  loose  membrane,  termed  the  capsule  of  Tenon,  or  fascia  bulbi,  which 
separates  it  from  the  surrounding  orbital  fat. 

The  eyeball  is  not  quite  spherical,  being  composed  of  the  segments  of  two 
spheres,  viz.  an  anterior,  transparent,  corneal  segment,  possessing  a  radius  of  7  or 
8  mm.,  and  a  posterior,  opaque,  scleral  segment,  with  a  radius  of  about  12  mm. 
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(Fig.  493).  The  anterior  or  corneal  segment,  in  consequence  of  its  shorter  radius, 
projects  as  a  dome  in  front  of  the  scleral  portion,  the  union  of  the  two  parts 
being  indicated  externally  by  a  slight  groove,  the  sulcus  scleree.     The  central 


Fig.  493.— Diagram  of  a  Horizontal  Section  through  Left  Eyeball  and  Optic  Nerve 

(four  times  enlarged). 


points  of  the  anterior  and  posterior  curvatures  of  the  eyeball  constitute 
respectively  its  anterior  and  posterior  poles,  while  a  straight  line  joining  the  two 
poles  is  termed  its  sagittal  axis  (axis  optica).  The  axes  of  the  two  eyeballs  are 
almost  parallel,  diverging  only  shghtly  in  front ;  but  the  axes  of  the  optic  nerves 
converge  behind,  and,  if  prolonged  backwards,  would  meet  in  the  region  of  the 
dorsum  sellse  of  the  sphenoid.  An  imaginary  line  encircling  the  globe  midway 
between  its  two  poles  is  named  its  ectuator,  and  meridional  lines  (meridiani)  may  be 
drawn  from  pole  to  pole  at  right  angles  to  the  equator.  Its  sagittal  and  transverse 
diameters  are  nearly  equal — about  24  mm.  ;  its  vertical  diameter  is  about  23"5  mm. 
All  three  diameters  are  rather  less  in  the  female  than  in  the  male,  but  the  size  of 
the  eyeball  is  fairly  constant  in  the  same  sex.  What  are  popularly  described  as 
large  eyes  owe  their  apparent  increase  in  size  to  a  greater  prominence  of  the  globe 
and  to  a  wider  fissure  between  the  eyelids. 

At  birth  the  eyeball  is  nearly  spherical  and  has  a  diameter  of  about  17 '5  mm.  By  the 
age  of  puberty  this  has  increased  to  20  or  21  mm.,  after  which  it  rapidly  reaches  its  adult 
size. 

The  eyeball  (Fig.  493)  consists  of  three  concentric  tunics  or  coats,  contained 
within  which  are  three  transparent  refracting  media.  The  three  tunics  are  :  (1)  an 
outer  fibrous  coat,  the  sclero-cornea,  consisting  of  an  opaque  posterior  part,  the 
sclera,  and  a  transparent  anterior  portion,  the  cornea ;  (2)  an  intermediate 
vascular,  pigmented,  and  partly  muscular  tunic,  the  tunica  vasculosa  oculi,  com- 
prising from  behind  forward  the  chorioid,  the  ciliary  body,  and  the  iris ;  (3)  an 
internal  nervous  tunic,  the  retina.     The  three  refracting  media  are  named, 
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from  before  backwards,  the  aqueous  humour,  the  crystalline  lens,  and  the  vitreous 
body. 

SCLERA. 

The  sclera,  sclerotic  coat,  or  white  of  the  eye,  is  a  firm,  opaque  membrane,  which 
forms  something  like  the  posterior  five- sixths  of  the  outer  tunic.  Thickest 
posteriorly  (about  1  mm.),  it  thins  at  the  equator  to  0"4  mm.-0"5  mm.,  and  again 
increases  to  0'6  mm.  near  the  sulcus  sclerfe.  In  the  child  it  is  thinner  than  in  the 
adult  and  presents  a  bluish  appearance,  caused  by  the  pigment  of  the  chorioid 
shining  through  it,  while  in  old  age  it  assumes  a  yellowish  tinge.  Its  outer  surface 
is  covered  by  a  layer  of  endothelium  and  is  in  contact  with  the  capsule  of  Tenon — 
a  lymph  space,  the  suprascleral  lymphatic  space,  only  intervening.  In  front  of  the 
equator  it  is  roughened  by  the  attachment  of  the  tendons  of  the  ocular  muscles, 
while  its  anterior  part  is  covered  by  mucous  membrane,  the  conjunctiva.  Its  deep 
surface  presents  a  brownish  colour  and  is  loosely  attached  to  the  chorioid,  except  at 
the  optic  entrance  and  in  the  neighbourhood  of  the  sulcus  sclerfe.  It  is  pierced  behind 
by  the  optic  nerve,  the  entrance  for  which  is  funnel-shaped,  wide  behind  and  narrow 
in  front,  and  is  situated  1  mm.  below  and  3  mm.  to  the  nasal  side  of  the  posterior 
pole  of  the  eyeball.  The  fibrous  sheath  of  the  nerve  blends  with  the  outer  part  of 
the  sclera,  while  the  nerve  bundles  pass  through  a  series  of  orifices ;  this  perforated 
portion  is  named  the  lamina  cribrosa  scleras.  Around  the  entrance  of  the  optic  nerve 
are  some  fifteen  or  twenty  small  apertures  for  the  passage  of  the  ciliary  nerves  and 
short  ciliary  arteries.  The  two  long  posterior  ciliary  arteries  pierce  it,  one  on 
either  side,  some  little  distance  from  the  optic  entrance ;  while  a  Uttle  behind  the 
equator  are  four  openings,  two  above  and  two  below,  for  the  exit  of  veins,  called 
vense  vorticosae.  Near  the  sulcus  scleree  it  is  perforated  by  the  anterior  ciliary 
arteries.  Its  inner  surface  is  lined  by  flattened  endothelial  cells ;  and  between  it 
and  the  chorioid  is  an  extensive  lymph  space,  the  spatium  perichorioideale,  which 
is  traversed  by  the  ciliary  nerves  and  arteries  just  mentioned,  and  by  an  irregular 
meshwork  of  fine,  pigmented,  connective  tissue,  the  lamina  fusca,  which  loosely 
attaches  the  sclera  to  the  chorioid.  At  the  corneo-scleral  junction  the  fibrous 
tissue  of  the  sclera  passes  continuously  into  that  of  the  cornea,  and  in  the  deeper 
part  of  this  junction  there  is  a  circular  canal,  the  sinus  venosus  sclerae,  or  canal  of 
Schlemm,  which  communicates  externally  with  the  scleral  veins,  and  internally, 
through  numerous  small  openings,  with  the  anterior  chamber  of  the  eyeball. 
The  sclera  consists  of  bundles  of  white  fibrous  tissue,  together  with  some  fine 
elastic  fibres,  the  bundles  forming  equatorial  and  meridional  layers,  which  inter- 
lace with  each  other.  Numerous  spaces  containing  connective  tissue  cells  and 
migratory  cells  exist  between  the  fibres.  Pigmented  cells  are  plentiful  in  the 
lamina  fusca,  and  a  few  are  also  found  in  the  tissue  of  the  sclera,  near  the  optic 
entrance  and  in  the  region  of  the  corneo-scleral  junction.  The  sclera  receives 
its  blood-supply  from  the  short  posterior  ciUary  and  anterior  ciliary  arteries,  while 
its  veins  open  into  the  venae  vorticosae  and  anterior  ciliary  veins.  The  cell  spaces 
play  the  part  of  lymphatics,  and  communicate  with  the  perichorioidal  and  supra- 
scleral lymph  spaces.  Its  nerves  are  derived  from  the  ciliary  nerves,  which,  after 
losing  their  medullary  sheath,  pass  between  the  fibrous  bundles ;  their  exact  mode 
of  ending  is,  however,  not  accurately  known. 

CORNEA. 

The  cornea  forms  the  anterior  sixth  of  the  outer  tunic  and  is  transparent,  in 
order  to  admit  light  into  the  interior  of  the  eyeball ;  its  index  of  refraction  is 
from  1-33  to  1'35.  Its  anterior  surface  (facies  anterior)  is  covered  by  a  stratified 
epithelium,  continuous  with  that  which  lines  the  conjunctiva  ;  its  posterior  surface 
(facies  posterior)  is  directed  towards  the  anterior  chamber  of  the  eyeball  and  is  in 
contact  with  the  aqueous  humour.  Its  degree  of  curvature  varies  in  different 
individuals ;  it  is  always  greater  in  youth  than  in  old  age,  and  is,  as  a  rule, 
slightly  greater  in  the  vertical  than  in  the  horizontal  plane.  It  diminishes  also 
from  its  centre  to  its  periphery,  and  is  less  on  the  nasal  than  on  the  temporal  side 
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of  the  anterior  pole.  The  anterior  surface  of  the  cornea  is  almost,  but  not  quite, 
circular,  measuring  11  mm.  vertically  and  11-9  mm.  transversely,  while  its  pos- 
terior surface  is  circular  and  has  a  diameter  of  13  mm.  Its  periphery  is  overlapped 
by  the  tissue  of  the  sclera  as  the  glass  of  a  watch  is  overlapped  by  the  metal  rim, 

with,  however,  this  essential  dif- 

[epitlieliui 


ference,  that  the  tissue  of  the 
cornea  is  directly  continuous 
with  that  of  the  sclera. 

The  cornea  consists,  from  be- 
fore backwards,  of  the  following- 
strata,  viz.  (Fig.  494) : — 


Aiitorinr 

elastic 

lamina 


Posterior 
elastic  lamina 
Endothelium 


Fig.  494. — VERTicAr.  Section  (if  C'ohnra  (magnified). 


1.  A    layer    of  stratified 
epithelium. 

2.  An   anterior  elastic 
lamina. 

3.  The  substantia  propria. 

4.  A  posterior  elastic  lamina. 

5.  A  layer  of  endothelium. 
1.  The  layer  of  stratified  epi- 
thelium (epithelium  cornete)  is 
continuous  with  that  which 
covers  the  free  surface  of  the 
conjunctiva  and  consists  of  six 
or  eight  strata  of  nucleated  cells. 
Deepest  of  all  is  a  single  layer 
of  perpendicularly-arranged 
columnar  cells,  the  flattened  and 
often-expanded  bases  of  which 

rest  on  the  anterior  elastic  lamina,  while  their  opposite  ends  are  rounded  and  contain 
the  nuclei.  Superficial  to  this  layer  are  three  or  four  strata  of  nucleated,  polygonal 
cells,  the  majority  of  which  exhibit  finger-like  processes  which  join  with  the  corre- 
sponding processes  of  neighbouring  cells.  The  more  superficial  layers  assume  the 
form  of  nucleated  squames.  The  entire  thickness  of  this  stratified  epithelium  is 
about  45  /X  at  the  centre  and  about  80  /x  at  the  periphery  of  the  cornea. 

2.  The  anterior  elastic  lamina  (lamina  elastica  anterior,  Bowmani)  is  from 
19-20  /A  thick,  and  may  be  regarded  merely  as  a  differentiation  of  the  outer  part  of 
the  substantia  propria  from  which  it  is  with  difficulty  separated.  It  is  not  stained 
yellow  by  picrocarmine,  thus  differing  from  true  elastic  tissue,  and  its  degree  of 
development  varies  in  different  animals. 

3.  The  substantia  propria  presents,  in  a  fresh  condition,  a  homogeneous  appear- 
ance ;  but,  with  the  assistance  of  reagents,  it  is  seen  to  consist  of  modified  con- 
nective tissue,  with  some  few  elastic  fibres.  An  amorphous  interstitial  substance 
binds  the  fibres  into  ljundles,  and,  in  turn,  cements  the  bundles  into  lamellae,  which 
are  directly  continuous  with  the  fibrous  tissue  of  the  sclera.  The  fibres  of  any 
one  lamella  cross  those  of  adjacent  lamellie  almost  at  right  angles,  while  the 
superimposed  lamellae  are  joined  by  sutural  fibres  and  by  amorphous  substance. 
Between  the  lamellaj  are  found  the  cell  spaces  or  lacunae  of  the  cornea — irregu- 
larly stellate  in  shape,  and  communicating  freely  with  each  other  by  means  of  fine 
canaliculi.  The  corneal  cells  or  corpuscles  are  contained  in  these  lacunae,  without,, 
however,  completely  filling  them,  the  remainder  of  the  cavities  being  occupied  by 
lymph.  These  cells  are  nucleated,  flattened,  and  star-like,  and  their  branched  pro- 
cesses join  those  of  neighbouring  cells  in  the  canaliculi.  Migratory  or  lymph  cells 
are  also  found  in  the  ceU  spaces. 

In  iikl  age  a  grayish  opaque  ring,  1,V  to  2  mm.  in  breadth,  is  frequently  seen  near  the  peri- 
phery of  the  cornea  ;  it  is  termed  the  arcus  senilis,  and  results  from  a  deposit  of  fat  granules  in 
the  lamellae  and  corneal  corpuscles. 

4.  The  posterior  elastic  lamina  (lamina  elastica  posterior,  Demoursi,  Descemeti) 
is  a  clear,  structureless  membrane,  covering  the  posterior  aspect  of  the  substantia 
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propria  and  possessing  a  thickness  of  6-8 /x  at  the  centre  and  10-12 /a  at  the  peri- 
phery of  the  cornea.  Less  firmly  attached  than  the  anterior  elastic  lamina,  it  may 
be  stripped  off,  when  it  will  be  found  to  roll  up  with  its  attached  surface  inwards. 
Between  the  ages  of  twenty  and  thirty  small  wart-like  projections  appear  on  its  deep 
surface,  near  its  peripher}",  and  these  increase  in  size  and  number  as  years  advance, 
so  that  in  old  age  the  membrane  may  attain  a  thickness  of  20  fx.  Towards  the 
periphery  of  the  cornea  the  lamina  divides  into  three  sets  of  fibres  —  anterior, 
middle,  and  posterior.  The  anterior  fibres  pass  behind  the  canal  of  Schlemm  into 
the  sclera,  the  middle  give  attachment  to  the  ciliary  muscle,  while  the  posterior  are 
continued  as  radiating  and  anastomosing  fibres  into  the  substance  of  the  iris,  and 
constitute  the  ligamentum  pectinatum  iridis.  A  number  of  irregular  spaces,  the 
spaces  of  Fontana,  or  spatia  auguli  iridis,  exist  between  the  fibres  of  this  pectinate 
ligament.  Better  developed  in  the  horse  and  ox  than  in  man,  these  spaces  are 
lined  by  a  prolongation  of  the  corneal  endothelium,  and  communicate  internally 
with  the  anterior  chamber  and  with  the  lymph  spaces  of  the  iris,  and  externally 
with  the  canal  of  Schlenmi. 

5.  The  layer  of  endothelium  (endothelium  camerte  anterioris)  consists  of  a  single 
stratum  of  nucleated,  flattened,  polygonal  cells,  which  present  a  fibrillar  structure 
and  are  continued  as  a  lining  to  the  spaces  of  Fontana ;  this  layer  of  endothelium 
is  also  reflected  on  to  the  anterior  surface  of  the  iris. 

Vascular  and  Nervous  Supply  of  the  Cornea. — lu  the  fcetus  the  cornea  is  traversed,  almost 
as  far  as  its  centre,  by  capillaries  ;  l)ut  in  the  adult  it  is  devoid  of  blood-vessels,  except  near  its 
margin.  The  capillaries  of  the  conjunctiva  and  sclera  pass  into  this  marginal  area  for  a  distance 
of  about  1  mm.,  where  they  terminate  in  loops.  All  the  remainder  of  the  cornea  is  nourished  by 
the  lymph  which  circulates  in  its  cell  spaces  and  canaliculi. 

The  nerves  of  the  cornea,  discovered  by  Schlemm,  are  derived  from  the  ciliary  nerves. 
Around  its  periphery  they  form  a  plexus,  the  plexus  annularis,  from  which  fibres  pass  into  the 
cornea,  where,  after  a  distan(."e  of  1  or  2  mm.,  they  lose  their  medullary  sheath  and  ramify  in  the 
substantia  propria,  forming  what  is  termed  the  fundamental  or  stroma  plexus.  Perforating  fibres 
(fibra'  perforantes)  extend  from  this  plexus  through  the  anterior  elastic  lamina  and  form  a  sub- 
epithelial plexus,  from  which  fine  filaments  ramify  between  the  epithelial  cells  as  far  as  the  super- 
ficial layers.  From  the  aimular  and  stroma  plexuses  fibrils  pass  to  the  substantia  propria  and 
come  into  close  relation  with  the  corneal  corpuscles. 

VASCULAR  AND  PIGMENTED  TUNIC. 

The  middle,  vascular,  and  pigmented  tunic  (tunica  vasculosa  oculi)  comprises, 
from  behind  forwards,  the  chorioid,  the  ciliary  body,  and  tlie  iris  (Fig.  493). 

The  chorioid  (chorioidea)  intervenes  between  the  sclera  and  the  retina,  reaching 
as  far  forwards  as. the  ora  serrata  of  the  latter  (p.  689).  Dark  brown  or  black  in 
colour,  it  is  pierced  pos- 
teriorly by  the  optic 
nerve,  and  is  here  firmly 
attached  to  the  sclera. 
Thicker  behind  than  in 
front,  its  outer  surface  is 
flocculent  and  is  con- 
nected to  the  sclera  by  the 
ciliary  vessels  and  nerves, 
and  by  the  loose  lamina 
fusca.  Its  inner  surface  is 
smooth  and  adheres  to  the 
outermost  or  pigmented 
layer  of  the  retina. 

The  chorioid  consists 
of  blood-vessels  and 
branched  pigment  cells  embedded  in  a  loose  connective  tissue,  and  presents  from 
without  inwards  three  layers,  viz. :  (a)  the  lamina  suprachorioidea ;  (6)  the  proper 
tissue  of  the  chorioid ;  and  (c)  a  thin  transparent  membrane,  the  lamina  basalis 
or  membrane  of  Bruch  (Fig.  495). 

1.  The  lamina  suprachorioidea  reseml^les  the  lamina  fusca  of  the  sclera  and 
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consists  of  a  series  of  fine  non-vascular  lamellae,  each  containing  a  delicate  network 
of  elastic  fibres,  amongst  wliich  are  stellate,  pigmented  cells,  together  with  amoeboid 
cells.  The  spaces  between  the  laminse  are  lined  with  endothelium,  and  together 
form  the  spatium  perichorioideale,  already  referred  to  (p.  683). 

The  proper  tissue  of  the  chorioid  consists  of  blood-vessels  and  numerous  pigmented 
cells,  supported  by  connective  tissue  and  elastic  fibres,  together  with  some  smooth 
muscular  fibres.  Its  outer  part  contains  the  larger  blood-vessels  and  is  named  the 
lamina  vasculosa,  while  its  inner  portion  is  composed  of  a  network  of  fine  capillaries, 

and  is  termed  the 
lamina  choriocapillaris ; 
these  two  laminse  are 
joined  by  a  thin  inter- 
mediate stratum.  The 
arteries  of  the  chorioid 
are  derived  from  the 
short  posterior  ciliary 
vessels,  which  pierce 
the  sclera  around  the 
optic  entrance  and 
form  a  wide-meshed 
plexus  in  the  lamina 
vasculosa.  Their  cir- 
cular muscular  coat  is 
well  developed,  and 
longitudinal  muscular 
fibres  are  also  present 
in  the  larger  branches. 
The  veins,  destitute  of 
muscular  tissue,  are 
superficial  to  the 
arteries;  they  are 
surrounded  by  peri- 
vascular lymphatic 
sheaths  and  converge 
to  form  whorls,  which 
open  into  the  venae  vor- 
ticosae.  In  the  tissue 
between  the  blood- 
vessels are  numerous 
stellate,  flattened,  and 
■pigmented  cells. 

The  lamina  chorio- 
capillaris, or  membrane 
of  Kuysch,  is  composed 
essentially  of  small 
capillaries,  which  form 
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Fig.  496. — Diagram  of  the  Circulation  in  the  Eye  (Leber). 


an  exceedingly  close  network,  embedded  in  a  finely  granular  or  almost  homogeneous 
tissue.  The  intermediate  stratum  between  the  lamina  vasculosa  and  lamina  chorio- 
capillaris consists  of  a  network  of  delicate  elastic  fibres  and  contains  almost  no 
pigment  cells ;  it  is  lined  next  the  lamina  choriocapillaris  by  a  continuous  layer  of 
endothelium. 

The  lamina  basalis,  or  membrane  of  Bruch,  is  transparent  andjnearly  structure- 
less. Its  outer  surface  presents  a  trellis-like  network  of  fibres,  which  unite  it  to 
the  membrane  of  Euysch,  while  its  inner  surface  is  smooth  and  is  in  contact  with 
the  pigment^  layer  of  the  retina. 

Tapetum. — In  many  animals  a  brilliant  iridescent  appearance  is  seen  on  the  postero-external 
part  of  the  chorioid,  to  which  the  name  tapetum  is  applied.  Absent  in  man,  it  may  be  due,  as 
ill  the  horse,  to  a  markedly  fibrous  condition  of  the  stratum  intermedium  (tapetum  filjrosuni),  or, 
as  in  the  seal,  to  the  presence  of  some  five  or  six  layers  of  flattened  iridescent  cells  lying  imme- 
diately outside  the  lamina  choriocajjillaris  (tapetum  cellulosum). 
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The  ciliary  body  (corpus  ciliare)  connects  the  chorioid  to  the  circumference  of 
the  iris  (Fig.  497),  and  presents  the  following  three  zones,  viz. :  (a)  the  orbiculus 
ciliaris,  (b)  the  ciliary  processes,  and  (c)  the  ciliary  muscle. 

The  orbiculus  ciliaris  forms  a  zone  of  about  4  mm.  in  width  immediately 
adjoining  the  chorioid,  and  exhibits  numerous  radially-arranged  ridges.  The  ciliary 
processes  (processus  ciliares),  about  seventy  in  number,  form  a  circle  of  radial  thicken- 
ings, each  of  a  somewhat  triangular  shape.  The  base  of  the  triangle  is  directed 
forwards  towards  the 
equator  of  the  lens,  while 
the  apex  is  continuous 
behind  with  some  three 
or  four  ridges  of  the 
orbiculus  ciliaris.  They 
vary  in  size,  the  largest 
having  a  length  of 
2-5  mm.  The  structure  of 
the  orbiculus  ciliaris  and 
ciliary  processes  is  similar 
to  that  of  the  chorioid, 
but  the  capillaries  are 
larger  and  more  tortuous, 
and  there  is  no  lamina 
choriocapillaris.  The 
deep  aspect  of  the  ciliary 
processes  is  covered  by 
two  strata  of  columnar 
epitheUum,  the  anterior 
layer  of  which  is  pig- 
mented ;  these  two  strata 
form  a  direct  continua- 
tion forwards  of  the  retina 
and  constitute  the  pars 
ciliaris  retinae.  This  epi- 
thelium is  invaginated  to 
form  more  or  less  tubular 
glands,  which  may  take 
a  share  in  the  secretion, 
of  the  aqueous  humour. 

The  ciliary  muscle  (m. 
ciliaris)  is  triangular  on 
antero- posterior  section, 
and  consists  of  two  sets  of  iibres — radial  and  circular  (Fig.  497).  The  radial  fibres 
(fibrae  meridionales,  Briickei)  spring  from  the  corneo-scleral  junction  behind  the 
canal  of  Schlemm  and  from  the  ligamentum  pectinatum  iridis,  and  radiate  back- 
wards, to  be  attached  to  the  ciliary  processes  and  orbiculus  ciliaris.  When  they 
contract  the  chorioid  is  drawn  forwards  and  the  lens  becomes  more  convex,  owing 
to  the  relaxation  of  its  suspensory  ligament  (see  p.  693)..  The  circular  fibres  (fibrae 
circulares,  Miilleri)  form  a  triangular  zone  behind  the  ligamentum  pectinatum 
iridis,  close  to  the  periphery  of  the  iris,  and  also  extend  backwards  under  the  radial 
iibres.  Considerable  individual  differences  are  found  as  to  the  degree  of  develop- 
ment of  these  two  portions  of  the  ciliary  muscle.  The  radial  fibres  are  always  more 
numerous  than  the  circular  fibres,  the  latter  being  absent  or  rudimentary  in  myopic 
eyes,  but  well  developed,  as  a  rule,  in  hypermetropic  eyes. 

The  iris  forms  a  contractile  diaphragm  in  front  of  the  lens  and  is  pierced  a 
little  to  the  nasal  side  of  its  centre  by  an  almost  circular  apertuffe,  the  pupil 
(pupilla),  which,  during  life,  is  continually  varying  in  size  in  order  to  regulate 
the  amount  of  light  admitted  into  the  interior  of  the  globe.  It  divides  the  space 
between  the  cornea  and  lens  into  two  parts,  which  are  filled  by  the  aqueous  humour, 
and  named  respectively  the  anterior  and  posterior  chambers  of  the  eyeball.  Its 
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Fig.  497. — Section  theough  Ciliary  Kegion  op  Eyeball. 
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peripheral  border,  or  margo  ciliaris,  is  directly  coutinuous  with  the  ciliary  body,  and, 
through  the  medium  of  the  ligameutum  pectinatuin  iridis,  with  the  posterior  elastic 
lamina  of  the  cornea.  Its  free  edge,  or  margo  pupillaris,  forms  the  circumference  of 
the  pupil,  and  rests  iipon,  but  is  not  attached  to  the  anterior  surface  of  the  capsule 
of  the  lens. 

The  distinctive  colour  of  the  eye,  in  different  individuals,  depends  on  the  arrangement 
of  the  jjigment  in  the  iris ;  in  the  blue  eye  this  is  limited  to  the  posterior  surface  of  the 
iris,  but  in  the  brown  or  black  eye  it  is  also  scattered  throughout  its  stroma.  In  the  albino 
the  pigment  is  entirely  absent,  and  the  red  appearance  of  the  eye  in  such  a  case  is  pro- 
duced by  the  network  of  blood-vessels  in  the  iris. 

The  pupil  is  closed,  during  the  gi'eater  part  of  foetal  life,  by  a  thin  transparent 
vascular  membrane,  the  membrana  pupillaris,  continuous  with  the  pupillary  margin  of 
the  iris.  Its  vessels,  derived  partly  from  the  vessels  of  the  iris  and  partly  from  those  of 
the  capsule  of  the  lens,  converge  towards  the  middle  of  the  membrane,  near  which  they 
form  loops  so  as  to  leave  the  central  part  non-vascular.  About  the  seventh  month  the 
vessels  begin  to  be  obliterated  from  the  centre  towards  the  circumference,  and  this  is 
followed  by  a  thinning  and  absorption  of  the  membrane,  which  becomes  perforated  by  the 
aperture  of  the  pupil.  This  perforation  gradually  enlarges,  and  at  birth  the  membrane 
has  entirely  disappeared,  although  in  exceptional  cases  it  persists. 

On  the  anterior  surface  (fades  anterior)  of  the  iris  is  a  layer  of  flattened 
endothelium,  placed  on  a  basement  membrane,  and  continuous  with  that  which 
lines  the  spaces  of  Fontana  and  covers  the  back  of  the  cornea.  Depressions  or 
ci'ypts  are  here  and  there  seen  in  which  the  endothelium  and  basement  membrane 
are  absent,  and  are,  by  some,  regarded  as  stomata,  through  which  the  lymphatics  of 
the  iris  communicate  with  the  cavity  of  the  anterior  chamljer.  Its  posterior  surface 
(facies  posterior)  is  covered  by  a  basement  membrane,  on  which  are  placed  two  layers 
of  columnar,  pigmented  epithehum,  continuous  with  the  pars  ciliaris  retinae  and 
termed  the  pars  iridica  retinae.  The  proper  tissue  of  the  iris,  or  stroma  iridis,  con- 
sists of  delicate  connective  tissue  and  elastic  fibres,  with  pigmented  cells,  blood- 
vessels, nerves,  and  non-striped  muscle. 

The  blood-vessels  of  the  iris  (Fig.  498)  are  derived  from  the  long  and  anterior 
ciliary  arteries.    The  long  cihary  arteries,  two  in  number,  pierce  the  sclera  on  the 

inner  and  outer  side  of  the 
optic  nerve  respectively,  and 
extend  forwards  between  the 
sclera  and  chorioid  towards 
the  ciliary  margin  of  the  iris. 
Here  each  divides  into  an 
upper  and  a  lower  branch, 
and  the  resulting  four 
branches  anastomose  in  the 
form  of  a  circle,  termed  the 
circulus  arteriosus  major 
This  circle  is  joined  by  a 
varying  number  of  anterior 
ciliary  arteries  derived  from 
the  lachrymal  and  muscular 
l)ranches  of  the  ophthalmic  • 
artery,  and,  after  supplying 
the  ciliary  muscle,  sends 
converging  branches  inwards 
towards  the  aperture  of  the 
pupil,  around  which  a  second 
circle,  the  circulus  arteriosus 
minor,  is  formed.  Tlie  veins 
proceed  towards  its  cihary 
margin,  and  communicate  with  the  veins  of  the  ciliary  processes  aiul  witli  the 
canal  of  Schlemm.  The  convergence  of  the  blood-vessels  towards  i.i  5  aperture  of 
the  pupil  gives  to  the  anterior  surface  of  the  iris  a  striated  appearan- 
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Fk;.  498. — Blood-vessels  of  Iris  and  Anterior  Part  of 
Chorioid,  viewed  I'roin  the  front  (Arnold). 
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The  non-striped  muscular  fibres  are  arranged  in  Lwo  sets :  (a)  circular,  (b)  radial. 
The  circular  fibres  form  a  band  around  the  pupillary  apertiire,  by  the  contraction  of 
which  its  size  is  lessened,  and  hence  it  is  termed  the  m.  sphincter  pupillse.  The 
radial  fibres  extend  outwards  from  the  sphincter  to  the  ciliary  margin  and  constitute 
the  m.  dilatator  pupillse.  Many  anatomists  regard  the  radial  hbres,  in  man  and 
most  mammals,  as  being  elastic  and  not  muscular.  In  animals,  where  the  radial 
libres  are  muscular,  the  degree  of  their  development  varies  considerably ;  they  are 
feebly  marked  in  the  rabbit,  but  well  developed  in  the  bird,  and  still  more  so  in  the 
otter. 

The  nerves  of  the  chorioid  and  iris  are  derived  from  the  long  and  short 
cihary  nerves.  The  former,  two  or  three  in  number,  are  branches  of  the  nasal 
nerve ;  the  latter,  varying  from  eight  to  fourteen,  are  derived  from  the  ciliary 
ganglion.  Piercing  the  sclera  around  the  optic  entrance  the  nerves  traverse  the 
perichorioidal  lymph  space,  where  they  form  a  plexus,  rich  in  nerve-cells,  from  which 
filaments  are  supplied  to  the  blood-vessels  of  the  chorioid.  In  front  of  the  ciliary 
muscle  a  second  plexus,  also  rich  in  nerve-cells,  is  formed,  which  supplies  the  muscle 
itself  and  sends  filaments  into  the  iris  as  far  as  its  pupillary  margin,  for  the  supply 
of  its  muscular  fibres  and  blood-vessels.  The  sphincter  pupillse  is  supplied  by  the 
third  cranial  nerve,  whilst  filaments  from  the  sympathetic  are  distributed  to  the 
dilatator  papillae. 

THE  RETINA. 

The  retina,  or  nervous  tunic  of  the  eyeball,  is  a  soft,  delicate  membrane,  in  which 
the  fibres  of  the  optic  nerve  are  spread  out.  It  consists  of  two  strata,  viz. :  (a)  an 
outer,  pigmented  layer  (stratum  pigmenti),  attached  to  the  chorioid ;  and  (b)  an 
inner  nervous  lamina,  the  retina  proper,  in  contact  with  the  hyaloid  membrane  of 
the  vitreous  body,  but  only  attached  to  it  at  the  optic  entrance  and  in  the  region 
of  the  ciliary  processes.  Expanding  from  the  entrance  of  the  optic  nerve  the 
retina  appears  to  end,  a  short  distance  behind  the  ciliary  body,  in  a  wavy  border, 
the  ora  serrata.  Here  its  nervous  elements  cease  and  the  membrane  becomes 
suddenly  thinned,  but  a  dehcate  continuation  of  it  is  prolonged  over  the  posterior 
aspect  of  the  cihary  body  and  iris.  This  continuation  consists  of  the  stratum  pig- 
menti, together  with  a  layer  of  columnar  epithelium,  and  constitutes  the  pars  ciliaris 
retinae  and  pars  iridica  retinae,  already  referred  to  (pp.  687  and  688).  The  portion 
behind  the  ora  serrata  is  termed  the  "  physiological  retina  "  or  pars  optica  retinae, 
and  its  thickness  gradually  diminishes  from  04  mm.,  near  the  optic  entrance,  to 
O'l  mm.  at  the  ora  serrata.  Viewed  from  the  front  it  presents,  at  the  posterior 
pole  of  the  eyeball,  and  therefore  directly  in  the  axis  of  the  globe,  a  small  yellowish 
spot,  the  macula  lutea.  Somewhat  oval  in  shape,  the  greatest  or  tmnsverse 
diameter  of  the  macula  measures  from  2-3  mm. ;  its  central  part  is  depressed  and 
named  the  fovea  centralis.  About  3  mm.  to  the  nasal  side  of  the  posterior  pole 
and  about  1  mm.  below  its  level  is  a  whitish,  circular  disc,  the  optic  disc,  or  porus 
opticus,  which  corresponds  with  the  entrance  of  the  optic  nerve  and  has  a  diameter 
of  about  1-5  mm.  The  circumference  of  the  optic  disc  is  slightly  raised  and  is 
named  the  coUiculus  nervi  optici,  while  its  depressed  central  portion  is  termed  the 
optic  cup,  or  excavatio  papillfe  nervi  optici.  The  optic  disc  consists  merely  of  nerve 
fibres,  the  other  layers  of  the  retina  being  absent,  and  constitutes  the  "  blind  spot " 
of  physiologists. 

The  nervous  layer  of  the  retina  is  transparent  during  hfe,  but  becomes  opaque 
and  of  a  greyish  colour  soon  after  death.  If  an  animal  is  kept  in  the  dark  before 
the  removal  of  its  eyeball,  the  retina  presents  a  purple  tinge,  due  to  the  presence  of 
a  colouring  matter  named  rhodopsin  or  visual  purple,  which,  however,  becomes 
rapidly  bleached  on  exposure  to  sunlight.  This  colouring  matter  is  absent  from 
the  macula  lutea,  and  also  over  a  narrow  zone,  3-4  mm.  in  width,  near  the  ora 
serrata. 

Structure  of  the  Retina  (Figs.  499,  500,  501).— The  nervous  elements  of  the 
retina  are  supported  l)y  non-nervous  or  sustentacular  fibres,  and  are  arranged  in  seven 
layers,  to  which  must  be  added  the  stratum  pigmenti. 
44 
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Oar  conception  of  the  minute  structure  of  the  retina,  as  of  all  nervous  tissues,  has  of 
late  years  been  greatly  advanced  by  the  discoveries  of  llamon  y  Cajal,  on  wliose  observa- 
tions the  following  description  is  based  (Fig.  500) : — 

The  layers  from  witiiin  outwards,  i.e.  from  vitreous  body  to  chorioid,  arc  : 

1.  Layer  of  nerve  fibres  (stratum  opticum). 

2.  Tjayer  of  nerve  cells  (ganglionic  laj-er). 

3.  Inner  molecular  or  inner  plexiform  layer. 

4.  Inner  nuclear  layer  or  layer  of  inner  granules. 

5.  Outer  molecular  or  outer  plexiform  layer. 

6.  Outer  nuclear  layer  or  layer  of  outer  granules. 

7.  Layer  of  rods  and  cones  (bacillary  .layer). 

8.  Layer  of  pigmented  epithelium  (stratum  pigment!). 

1.  Layer  of  nerve  fibres  or  stratum  opticum.— The  fibres  of  this  stratum  are 
nearly  all  centripetal  and  are  mostly  continuations  of  the  non-meduUated  axons  of  the 

cells  in  the  ganglionic  layer.  Some,  however,  are 
centrifugal  and  end  in  branched  clubbed  extremities 
in  the  inner  molecular  or  inner  nuclear  layers. 

2.  Ganglionic  or  nerve-cell  layer.— The  cells 
of  this  stratum  vary  in  size,  are  oval  or  pyriform  in 
shape,  and  form  a  single  layer,  except  at  the  macula 
lutea,  where  several  strata  are  present.  "  Each  cell 
contains  a  large  nucleus,  and  gives  off,  from  its 
inner  aspect,  an  axon,  which  is  continued  as  a  fibre 
of  the  nerve  fibre  layer.  From  the  outer  surface  of 
each  cell  numerous  dendrites  arise,  which  form 
arborisations  in  the  inner  molecular  layer.  The  cells 
may  be  divided  into  unistratified,  multistratified,  and 
diffuse,  according  as  their  dendrites  ramify  in  one 
or  in  several  strata  of  the  inner  molecular  layer  or 
extend  throughout  nearly  its  whole  thickness. 

3.  Innermolecular  or  inner  plexiform  layer. 
-This  is  chiefly  constituted  b}'  the  interlacement  of 

tiie  dendritic  arborisations  of  the  cells  of  the  gan- 
glionic layer  with  those  of  tiie  inner  nuclear  layer*, 
and  has  been  divided  by  Ramon  y  Cajal  into  five 
strata.  It  sometimes  contains  horizontal  cells  or 
spongioblasts,  whose  branched  processes  ramify  in  it. 

4.  Inner  nuclear  layer  or  layer  of  inner 
granules. — Tliis  is  the  most  complicated  of  the 
retinal  strata  and  consists  of  numerous  cells,  which 

Membrana  liiiiitaiis  interna  may  be  divided  into  three  groups,  viz.  :  (a)  bipolar 
Fig.  499.-DIAG.RAMMATIC  Section  of  the  ^oUs,  (6)  horizontal  cells,  and  (c)  spongioblasts. 
Human  Retina  (moaifiod  from  Sclmltzi;).         («)  The  bipolar  cells  ar.e  fusiform  and  nucleated, 

and  each  gives  oft'  an  external  and  an  internal  pi'ocess. 
The  internal  processes  terminate  in  flattened  tufts  at  dift'erent  levels  in  the  inner  molecular 
layer,  while  the  external  produce  an  abundant  ramification  in  the  external  zone  of  the 
outer  molecular  layer.  These  bipolar  cells  are  divided  into  rod  bipolars,  cone  bipolars, 
and  giant  bipolars.  The  rod  bipolars  end  peripherally  in  vertical  arborisations  around 
the  button-like  ends  or  spherules  of  the  rod  fibres,  and,  centrally,  in  branched  extremities, 
which  mostly  become  applied  to  the  cells  of  the  ganglionic  layer.  The  cone  bipolars 
end  peripherally  in  flattened  ai'borisations  in  the  outer  molecular  layer  in  contact  with 
the  ramifications  of  the  cone  fibres,  and,  centrally,  ramify  in  some  one  of  the  five  strata  of 
the  inner  molecular  layer.  Tiie  giant  bipolars  form,  peripfierally,  an  extensive  hori- 
zontally-arranged arborisation  in  the  outer  molecular  layer ;  centrally,  tliey  ramify  in 
one  or  other  of  the  strata  of  the  inner  molecular  layer. 

[h)  Tiie  horizontal  cells  are  of  two  varieties  :  (1)  small,  flattened,  star-like  cells,  lying 
immediately  below  the  outer  molecular  layer  and  sending  a  tuft  of  dendrites  outwards 
towai'ds  the  bases  of  the  cone  fibres,  while  their  axons  ai-e  directed  horizontally  for  a  variable 
distance  ;  (2)  large,  irregular  cells,  lying  internal  to  the  above  and  ending  in  finger-like 
ramifications  in  the  outer  molecular  layer.  Their  axons  run  horizontally  for  some 
distance  and  end  in  extensive  varicose  arborisations  under  the  spherules  of  the  rod  fibres. 

(c)  The  spongioblasts  are  situated  in  the  innermost  part  of  the  inner  granular  layer 
and  have  not  yet  been  shown  to  possess  axons.    Their  dendrites  ramify  in  the  inner 
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molecular  layer,  it  may  be  in  one  stratum  (stratified  spongioblasts)  or  in  several  strata 
(diffuse  spongioblasts). 

5.  Outer  molecular  or  outer  plexiform  layer. — This  is  constituted  by  the. 


Fig.  500. — Perpendicular  Sections  of  Mammalian  Retina  (Cajal). 
A,  Layer  of  rods  and  cones  ;  B,  Outer  nuclear  layer  ;  C,  Outer  molecular  layer  ;  D,  Inner  nuclear  layer  ;  E, 
Inner  molecular  layer  ;  P,  Ganglionic  layer  ;  G,  Stratum  opticum  ;  r,  rods  ;  c,  cones,  r.g,  rod  granules  ; 
eg,  cone  granules  ;  r.b,  rod  bipolars  ;  c.h,  cone  bipolars  ;  c.r,  contact  of  rod  l^ipolars  with  the 
spherules  of  the  rod  fibres  ;  c.c,  contact  of  cone  bipolars  with  the  branches  of  the  cone  fibres  ;  ar, 
internal  arborisation  of  cone  bipolars  ;  ar',  internal  arborisation  of  rod  bipolars  ;  c.n,  centrifugal  nerve 
fibre  ;  /(,  horizontal  cells  ;  s.s,  stratified  spongioblasts  ;  (Ls,  difi'use  spongioblasts  ;  s.g,  stratified 
ganglion  cell  ;  IVI,  Sustentacnlar  fibre  of  MuUer. 

interlacement  of  the  dendrites  of  the  bipolar  and  horizontal  cells,  just  described,  with  the 
spherules  of  the  rod  fibres  and  the  ramifications  of  the  foot  plates  of  the  cone  fil)res.  It  is 
divided  into  two  strata  :  {a)  external,  indicating  the  contact 
of  the  rod  bipolars  with  the  spherules  of  the  rod  fibres  ;  {b) 
internal,  the  line  of  contact  between  the  cone  bipolars  and 
the  branches  of  the  cone  fibi'cs. 

6.  Outer  nuclear  layer  or  layer  of  outer  granules. 
— This  is  made  up  of  clear  granules  somewhat  resembling 
those  of  the  inner  nviclear  layer,  but  divisible  into  two  kinds  ; 
(a)  cone  granules,  (6)  rod  granules.  The  cone  granules  are 
the  larger,  and  each  contains  an  oval  nucleus  ;  they  lie  im- 
mediately inside  the  outer  limiting  membrane,  through  which 
they  are  continuous  with  the  cones  of  the  next  layer.  Each 
is  prolonged  internally  as  a  straight  fibre,  which,  on  reaching 
the  outer  molecular  layer,  expands  to  form  a  foot-plate,  from 
which  several  horizontal  fibrils  are  given  off.  The  rod 
granules  are  far  more  numerous  than  the  cone  granules,  and 
each  contains  a  small  oval  nucleus,  which  is  transversely 
striated.  Their  outer  processes  are  continuous,  through  the 
outer  limiting  membrane,  with  the  rods  of  the  next  layer  : 
while  their  inner  processes  pass  into  the  outer  molecular 
layer  and  end  in  free,  unbranched  spherules  amongst  the 
arborisations  of  the  rod  bipolars. 

7.  Layer  of  rods  and  cones. — This  consists  of  two  sets 
of  structures,  viz.  rods  and  cones.  Except  at  the  macula  lutea 
the  rods  are  far  nioi'e  numerous  than  the  cones  and  assume 
the  form  of  elongated  cylinders,  while  the  cones  are  shorter 
than  the  rods  and  taper  externally  to  fine  points.  Each  rod 
and  cone  consists  of  two  segments — inner  and  outer.  The 
inner  segment  of  the  rod  only  slightly  exceeds  in  diameter  its 
outer  segment,  Avhereas  the  inner  segment  of  the  cone  greatly 
exceeds  its  outer  part.  The  inner  segments  of  both  rods  and 
cones  have  an  affinity  for  staining  reagents  and  consist  of  a 
basal  homogeneous  portion  and  an  outer  longitudinallj'-striated 
part,  the  proportion  of  the  latter  to  the  former  being  greater 
in  the  cones  than  in  the  rods.  The  outer  segments  have  not  the  same  affinity  for  reagents, 
but  tend  to  break  transversely  into  numerous  discs  (Fig.  501,  B).    The  colouring  matter. 


A 

Fig.  501. 
A,  A  cone  and  two  rods  from  the 
human  retina  (modified  from 
Max  Schultze)  ;  B,  Outer 
part  of  rod  separated  into 
discs. 
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Fig.  502. —  Pigmented 
Ei'iTHELiUM  OP  Hu- 
man Retina  (viewed 
from  the  surface). 


rliodopsiii,  already  referred  to,  is  found  only  in  the  outer  segments  of  the  rods,  the  terminal 
parts  of  which  extend  into  the  layer  of  pigmented  epithelium. 

8.  Layer  of  pigmented  epithelium  (stratum  pigmenti). — This  consists  of  a  single 
stratum  of  cells  which,  on  surface  view,  are  hexagonal  (Fig.  502),  their  outer  flattened  sur- 
faces being  firml}'  attached  to  the  chorioid.  When  seen  in  profile  the  outer  part  of  each 
cell  contains  a  large  oval  nucleus  and  is  devoid  of  pigment,  while  the 
inner  portion  is  filled  with  ])igment  and  extends  as  a  series  of  thread- 
like processes  amongst  the  outer  segments  of  the  rods  and  cones. 
When  the  eye  is  kept  in  the  dark  the  pigment  accumulates  near  the 
outer  part  of  the  cell,  but,  when  exposed  to  light,  it  streams  in 
between  the  rods  and  cones. 

It  will  be  seen  from  the  foregoing  description  that  there  is  no 
direct  continuity  between  the  nervous  elements  which  form  the 
different  layers  of  the  retina.  In  the  inner  molecular  layer  there  is 
merely  an  interlacement  between  the  dendrites  of  the  ganglionic 
layer  and  the  arborisations  of  tiie  cells  of  tiie  inner  granular  layer, 
and  a  similar  interlacement  in  the  outer  molecular  layer  between 
the  rod  and  cone  elements  and  the  processes  of  the  outer  granules. 

Sustentacular  fibres  of  the  retina  (fibne  Miilleri). — These 
support  the  nervous  structures  and  extend  from  within  outwards 
through  the  thickness  of  the  retina  as  far  as  the  bases  of  the  rods 
and  cones  (Fig.  500,  M).  They  begin  at  the  inner  surface  of  the  nerve  fibre  layer  in 
single,  or  forked,  expanded  bases,  by  the  apposition  of  which  a  delicate  membrane,  the 
membrana  limitans  interna,  is  formed.  In  the  ganglionic  layer  they  give  off  a  few  lateral 
branches,  and,  on  passing  through  the  inner  nuclear  layei',  supply  lateral  ramifications 
amongst  the  inner  grannies  for  their  support ;  in  this  part  of  each  fibre  there  is  seen  an 
oval  nucleus.  In  the  outer  nuclear  layer  they  break  up  into  a  network  of  fibrils  which 
surround  the  rod  and  cone  fibres,  and  end  externally  at  the  bases  of  the  rods  and  cones  in 
a  delicate  membrane,  the  membrana  limitans  externa. 

Structure  of  the  macula  lutea  and  fovea  centralis. — The  yellow  colour 
of  the  macula  is  due  to  tiie  presence  of  jiigment  in  the  inner  layers  of  the  retina.  At  the 
circumference  of  the  macula  the  nerve  fibre  layer  is  greatly  thinned  and  the  rods  are  few 
in  number ;  the  ganglionic  layer,  on  the  other  hand,  is  much  thickened  and  may  contain 
from  seven  to  nine  strata  of  cells,  while  the  outer  granular  layer  is  also  thicker  and  its 
bipolar  cells  have  an  oblique  direction.  At  the  fovea  centralis  the  retina  is  much  thinned, 
since  here  its  nerve  fibre  and  ganglionic  laj'ers  are  absent  and  its  other  strata  greatly 
attenuated.  The  stratum  pigmenti,  on  the  other  hand,  is  thicker  and  its  pigmentation 
more  pronounced.  The  cone  nuclei  ai'e  situated  some  distance  internal  to  the  outer 
linuting  membrane,  and  thus  the  thin  inner  and  outer  granular  layers  are  in  apposition. 
There  are  no  rods,  and  the  cones,  closely  crowded  together,  are  narrower  and  their 
outer  segments  more  elongated  than  elsewhere,  so  that  the  line  of  their  bases,  indi- 
cated by  the  membrana  limitans  externa,  presents 
fovea  centralis  and  macula  lutea  are  spoken  of 
distinct  vision." 

Structure  of  the  Ora  serrata. — Here  the  nervous  layers  of  the  retina  suddenly 
cease  ;  tiie  layer  of  rods  and  cones  first  failing,  to  be  inmiediately  followed  by  the  disappear- 
ance of  the  other  nervous  strata.  In  front  of  the  ora  serrata  the  retina  is  prolonged  over  the 
ciliary  processes  in  the  form  of  two  layers  of  cells :  (a)  an  inner  layer  of  columnar  epithelium, 
and  {f>)  an  outer,  consisting  of  the  stratum  pigmenti,  tlie  two  forming  the  pars  ciliaris 
retime.  The  same  two  laj^ers  are  prolonged  over  tlie  back  of  the  iris,  wlicre  both  are  pig- 
mented and  form  the  pars  iridica  retime. 

Vessels  of  the  retina- — The  retina  is  supplied  by  the  arteria  centralis  retinae, 
a  branch  of  tiie  ojilitlialmic  artery,  whicii  pierces  the  sheath  of  the  optic  nerve  about  three- 
quarters  of  an  inch  behind  the  eyeball  and  makes  its  appearance  in  the  centre  of  the  optic 
disc.  Here  it  divides  into  an  upper  and  a  lower  branch,  and  each  of  these  again  bifurcates 
into  an  internal,  or  nasal,  and  an  external,  or  temporal,  branch.  The  resulting  four 
branches  ramify  towards  the  periphery  of  the  retina,  and  are  named  the  superior  and 
inferior  temporal  and  the  superior  and  inferior  nasal  arteries.  The  temporal  arteries 
pass  outwards  above  and  below  the  macula  lutea,  to  which  they  give  small  branches ; 
these  do  not,  however,  extend  as  far  as  the  fovea  centralis,  which  is  devoid  of  blood-vessels. 
The  macula  also  receives  two  small  arteries  (superior  and  inferior  macular)  directly  from 
the  porus  opticus.  The  larger  vessels  run  in  the  nerve  fibre  layer  near  the  membrana 
limitans  interna  and  form  two  capillary  networks — an  inner,  in  the  nerve  fibre  layer,  and 


a  convexity  directed  forwards.  The 
by  the  physiologist  as  the  "  region  of 
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an  outer,  in  the  inner  nuclear  layer.  The  inner  network  arises  directly  from  the  arteries 
and  sends  numerous  small  branches  to  the  outer  network,  from  which  the  veins  take 
origin.  The  vessels  do  not  penetrate  deeper  than  the  inner  granular  layer,  nor  do  the 
arteries  anastomose,  except  through  the  capillary  plexuses.  The  veins  follow  the  course 
of  the  arteries  ;  they  have  no  muscular  coats,  but  consist  merely  of  a  layer  of  endothelial 
cells,  outside  which  is  a  perivascular  lymphatic  sheath,  surrounded  by  delicate  retiform 
tissue. 


KEFEACTING  MEDIA  OF  THE  EYEBALL. 

The  vitreous  body  (corpus  vitreum)  is  a  transparent  jelly-like  substance  situated 
between  the  crystalline  lens  and  the  retina,  and  occupying  the  posterior  four- fifths  of 
the  globe  (Fig.  493).  In  front  it  presents  a  deep  concavity,  the  fossa  patellaris.  for  the 
reception  of  the  posterior  convexity  of  the  lens.  It  is  enclosed  within  a  thin  trans- 
parent membrane,  the  membrana  hyaloidea,  which  is  in  contact  with  the  membrana 
Umitans  interna  of  the  retina  and  adlierent  to  it  at  the  optic  entrance.  The  portion 
of  the  membrana  hyaloidea  in  front  of  the  ora  serrata  is  thickened  and  strengthened 
by  radial  fibres,  and  is  termed  the  zonule  of  Zinn,  or  zonula  ciliaris.  Situated  behind 
the  ciliary  body,  the  zonula  is  radially  folded  and  presents  a  series  of  alternabing 
furrows  and  elevations.  The  ciliary  processes  are  received  into,  and  tire  firmly 
adherent  to,  the  furrows,  with  the  result  that,  if  removed,  some  of  their  pigment 
remains  attached  to  the  zonula.  The  elevations  of  the  zonula  are  not  attached  to 
the  interciliary  depressions,  but  are  separated  by  a  series  of  lymph  spaces  (recessus 
camene  posterioris) ;  these  may  be  regarded  as  diverticula,  of  the  posterior  chamber 
with  which  they  communicate.  As  the  zonula  approaches  the  equator  of  the  lens 
it  splits  into  two  chief  layers,  viz. :  (a)  a  thin  posterior  lamina,  which  covers  that 
portion  of  the  membrana  hyaloidea  which  lines  the  fossa  patellaris;  and  (5)  a  thicker 
anterior  layer,  termed  the  suspensory  ligament  of  the  lens  (Fig.  493),  which  blends 
with  the  front  of  the  lens  capsule  a  short  distance  from  its  equator.  Scattered 
fibres  of  this  ligament  are  also  attached  to  the  equator  itself  and  to  the  regions 
immediately  anterior  and  posterior  to  it.  By  this  suspensory  ligament  the  lens  is 
retained  in  position  and  its  convexity  varies  inversely  with  the  degree  of  tension 
of  the  ligament.  The  radial  fibres  of  the  ciliary  muscle,  by  pulling  forward  the 
ciliary  processes  and  the  attached  zonule  of  Zinn,  relax  the  ligament,  and  thus 
allow  the  lens  to  become  more  convex.  Behind  the  suspensory  ligament  a  sacculated 
lymph  space  surrounds  the  equator  of  the  lens  ;  it  is  named  the  canal  of  Petit,  and 
may  easily  be  inflated  on  introducing  a  fine  blow  pipe  through  the  suspensory  liga- 
ment (Fig.  503).  The  hyaloid  membrane  of  the 
vitreous  body  is  not  only  adherent  to  the  ciliary  pro- 
cesses, but  also  at  the  optic  entrance.  This  is  due 
to  the  fact  that  in  the  fcetus  a  blood-vessel,  termed 
the  arteria  hyaloidea,  is  continued  from  the  arteria 
centralis  retime  forwards  through  the  vitreous  body 
for  the  supply  of  the  capsule  of  the  lens.  Its 
position,  in  the  adult,  is  represented  by  a  lymph 
channel,  termed  the  canalis  hyaloideus  of  Stilling 
(Fig.  493),  the  presence  of  which  may  be  demon- 
strated by  shaking  up  the  vitreous  body  in  a  solution 
of  picrocarniine,  when  some  of  the  yiigment  may  be 
seen  to  extend  along  the  canal  (Anderson  Stuart). 

When  the  vitreous  body  is  treated  by  a  weak 
solution  of  chromic  acid  it  presents  a  series  of  concentric,  peripherally-arranged  striae, 
together  with  numerous  radial  strite  converging  towards  its  centre.  Between  these  the 
more  fluid  part  lies,  and  it  frequently  contains  vacuolated  amoeboid  cells  scattered 
through  it.  The  vitreous  body  consists  of  98  4  per  cent,  of  water,  having  in  solu- 
tion about  1-4  per  cent,  of  sodium  chloride  and  traces  of  extractives  and  albumen. 

The  crystalline  lens  (lens  crystalbna)  lies  in  front  of  the  vitreous  body  and 
behind  the  iris,  and  is  a  biconvex,  transparent  body  (Fig.  493).    It  is  enclosed  in 
a  thin,  transparent,  homogeneous  capsule,  the  capsule  of  the  lens  (capsula  lentis). 
The  central  points  of  its  anterior  and  posterior  surfaces  are  termed  respectively  its 
44  a 


Fig.  503. — Canal  of  Pk'iit  distended 
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604. — Lens  hardened  in  Foumalin  and 
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anterior  and  posterior  poles,  a  line  joining  which  is  known  as  its  axis  (axis  lentis) ; 
its  periplieral  circumference  is  named  the  equator  (a^quator  lentis).  Its  axial 
measurement  is  4  mm.  and  its  transverse  diameter  from  9-10  mm.  Its  anterior 
surface  (facies  anterior  lentis)  is  less  curved  than  the  posterior,  and  its  central 
part  corresponds  with  the  aperture  of  the  pupil  and  is  directed  towards  the  anterior 
chamber.  Around  the  aperture  of  the  pupil  the  pupillary  margin  of  the  iris 
rests  upon  the  lens,  but  its  peripheral  part  is  separated  from  it  by  the  aqueous 
humour  of  the  posterior  chamber.  Its  posterior  surface  (facies  posterior  lentis), 
more  convex  than  tlie  anterior,  occupies  the  fossa  patellaris  of  the  vitreous  body. 

The  relations  of  its  equator  to  the  suspen- 
sory ligament  and  tlie  canal  of  Petit  have 
already  been  referred  to.  The  superficial 
part  of  the  lens  possesses  a  refractive  index 
of  about  1'4  and  its  central  part  or  nucleus 
one  of  about  1-45.  The  curvatures  of  its 
surfaces,  especially  that  of  the  anterior,  are 
constantly  varying  durin'g  life  for  the  pur- 
pose of  focussing  rays  from  near  or  distant 
objects  on  the  retina. 

The  lens  substance 
consists  of  a  soft  outer 
corticalis,  easily  crushed 
and  thumi),  and  of  a  dense  central  part,  the 
nucleus  lentis.  Faint  lines  (radii  lentis) 
radiate  from  its  anterior  and  posterior  poles  towards  its  equator.  In  the  foetus  they 
are  three  in  number  and  form  with  each  other  angles  of  120°  (Fig.  505).  J'rom  the 
anterior  pole  one  ray  ascends  vertically  and  the  other  two  diverge  downwards, 
while  from  the  posterior  pole  one  ray  descends  vertically  and  the  otlier  two 
diverge  upwards.  In  the  adult  the  rays  may  be  increased  to  six  or  more.  They 
represent  the  free  edges  of  a  corresponding  number  of  septa,  which  dip  into  the 
substance  of  the  lens,  and  along  which  the  extremities  of  the  different  groups  of 
lens  fibres  come  into  contact  and  are  attached  by  a  clear,  amorphous  substance.  The 
lens,  when  hardened,  exhibits  a 
series  of  concentrically-arranged 
lauuuce  (Fig.  504),  superimposed 
like  the  coats  of  an  onion  and 
attached  to  each  other  by  a  clear, 
amorphous  substance.  Eacli 
lamina  is  split  along  the  radiat- 
ing lines  and  consists  of  a  series 
of  hexagonal,  riband-like  fibres, 
the  tibrse  lentis,  which  are  ad- 
herent to  eacli  other  by  their 
margins ;  those  of  the  deeper 
laniiuie  are  smaller  and  serrated, 
but  non-nucleated ;  while  those  of  the  superficial  coats  are  larger  and  nucleated, 
but  non-serrated.  The  fibres  extend  in  a  curved  manner  from  the  rays  on  the 
anterior  surface  to  the  rays  on  the  posterior  surface,  but  no  fibre  extends  from 
pole  to  pole.  Fibres  which  start  at  or  near  one  pole  end  at  or  near  the  equator  on 
the  opposite  surface,  and  vice  versa,  while  the  interveiiing  fibres  take  up  inter- 
mediate positions.  Between  the  substantia  lentis  and  the  anterior  part  of  the 
capsule  there  is  a  layer  of  nucleated  columnar  epithelial  cells,  the  epithelium 
lentis.  On  being  traced  towards  the  equator  its  cells  become  gradually  elongated 
and  transformed  into  lens  fibres,  which,  when  fully  formed,  lose  all  trace  of  their 
nuclei,  except  in  the  more  superficial  lamina?.  Each  lens  fibre  represents,  therefore, 
a  greatly  elongated  columnar  cell  (Fig.  506). 

In  the  foetus  the  lens  is  soft,  of  a  pinkish  colour,  and  nearly  spherical ;  while  in 
old  age  it  becomes  more  flattened  than  in  the  adult,  and,  losing  its  transparency, 
assumes  a  yellowisli  tint. 
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Chambers  of  the  Eye  and  Aqueous  Humour  (Fig.  493).— As  already  stated 
(p.  687),  the  space  between  the  coruea  and  the  lens  is  divided  by  the  iris  into  two 
unequal  parts,  viz.  the  anterior  chamber  in  front  and  the  posterior  chamber  behind. 
These  are  tilled  by  the  aqueous  humour,  and,  in  the  adult,  com- 
municate freely  thruugli  the  ajjerture  of  the  pupil,  but  in  the 
foetus  are  separated  from  each  other  by  the  pupillary  mem- 
brane. The  anterior  chamber  (camera  oculi  anterior)  is 
bounded  in  front  by  the  cornea,  behind  by  the  iris  and  lens, 
whilst  peripherally  it  communicates  with  the  spaces  of 
Fontana.  The  posterior  chamber  (camera  oculi  posteiior)  is 
triangular  on  section,  and  is  bounded  in  front  by  the  iris, 
behind  by  the  circumferential  part  of  the  lens  and  its 
suspensory  ligament ;  the  base  of  the  triangle,  situated 
externally,  corresponds  with  the  thick,  anterior  extremities  of 
the  ciliary  processes.  It  communicates  with  the  recessus 
camera?  posterior  and  canal  of  Petit.  The  aqueous  humour 
has  a  refractive  index  of  about  1-336  and  consists  of  about  98 
per  cent,  of  water,  with  14  per  cent,  of  sodium  chloride  and 
traces  of  albumen. 

EYELIDS. 

The  eyelids  or  palpebrse  are  two  movable  cutaneous 
curtains  situated  in  front  of  the  eyeball,  and  named,  from 
their  position,  upper  and  lower.  The  upper  is  the  larger  and 
more  movable,  being  provided  with  a  special  elevator  muscle, 
the  m.  levator  palpebne  superioris.  The  interval  between  the 
lids  is  termed  the  palpebral  fissure  (riina  palpebrarum),  and 
measures  transversely  about  30  mm.,  but  varies  considerably  in 
different  individuals  and  in  different  races.  When  the  eye 
is  open  the  fissure  is  ell.ptical  in  shape,  but  when  closed  it 
assumes  the  form  of  a  transverse  slit,  which  lies  on  a  level 
with  the  lower  margin  of  the  cornea.  The  two  lids  meet  at 
the  extremities  of  the  fissure,  and  form  the  outer  and  inner 
angles,  or  canthi.  Their  free  margins  are  flattened  and  are 
surmounted  by  eyelashes  from  the  external  canthus  to  a 
point  about  5  mm.  from  the  inner  canthus — a  point  indicated 
by  a  small  papilla,  the  papilla  lacrimalis.  I  nternal  to  this  papilla 
the  margins  are  rounded  and  destitute  of  eyelashes,  and  form  the  upper  and  lower 
boundaries  of  a  triangular  space,  termed  the  lacus  lacrimalis,  which  is  occupied  by 
a  small  pale-red  body,  the  caruncula  lacrimalis.  This  caruncula  consists  of  a  minute 
island  of  modified  skin,  and  contains  sweat  glands,  sebaceous  glands,  and  fine  hairs. 
Posteriorly,  the  lids  are  lined  by  mucous  membrane  and  are  in  contact  with  the 
eyeball,  except  near  the  inner  canthus,  where,  between  the  eyeball  and  the  carun- 
cula lacrimalis,  there  intervenes  a  vertical  fold  of  conjunctiva,  the  plica  semilunaris 
conjunctivae.  This,  which  in  many  animals  contains  a  plate  of  cartilage,  is  the 
representative  of  the  membrana  nictitans,  or  third  eyelid  of  birds,  etc. 

In  each  lid  there  exists  a  framework  of  condensed  fibrous  tissue,  which  gives 
consistence  and  shape  to  the  Ud,  and  is  termed  the  tarsal  plate  or  tarsus.  In  front 
of  the  tarsus  are  the  fibres  of  the  orbicularis  palpebrarum  muscle  and  the 
integument,  while  embedded  in  its  posterior  surface,  and  covered  by  the  conjunctiva, 
•  are  numerous  modified  sebaceous  glands,  named  the  tarsal  or  Meibomian  glands. 
The  superior  tarsal  plate  (tarsus  superior)  is  larger  than  the  inferior  and  of  a  half 
oval  shape,  with  its  greatest  vertical  diameter  measuring  about  10  or  11  mm.  Its 
upper  margin  is  thin  and  convex,  and  is  continuous  with  the  tendon  of  the  levator 
palpebrfe  superioris  muscle,  while  its  lower  edge  is  thick  and  straight.  The  inferior 
tarsal  plate  (tarsus  inferior)  is  a  thin,  narrow  strip,  with  a  nearly  uniform  vertical 
diameter  of  about  5  mm.  The  extremities  of  the  two  plates  are  continuous 
with  the  external  and  internal  tarsal  ligaments.  The  external  tarsal  ligament  is  a 
narrow  band  attached  to  the  malar  bone ;  it  divides,  at  the  outer  canthus,  into 
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upper  and  lower  pieces,  which  are  fixed  to  the  margins  of  the  respective  tarsal 
plates.  The  internal  tarsal  ligament  is  a  strong  band  attached  to  the  nasal  process 
of  the  superior  maxillary  bone  directly  in  front  of  the  lachrymal  groove ;  it  divides 
at  the  inner  canthus  into  two  slips,  one  for  either  tarsal  plate. 

The  eyelids  are  further  strengthened  by  membranous  expansions,  termed  the 
superior  and  inferior  palpebral  ligaments,  which  extend  into  them  from  the  margin 
of  the  orbit.  The  superior  ligament  is  continuous,  along  the  upper  margin  of  the 
orbit,  with  the  pericranium  and  with  the  peiiosteiil  lining  of  the  orbit,  and  blends 
below  with  the  tendon  of  the  levator  palpebrse  superioris.  The  inferior  ligament  is 
prolonged  from  the  under  edge  of  the  inferior  tarsal  plate  to  the  lower  margin  of 
the  orbit,  where  it  is  continuous  with  the  periosteum  of  the  face  and  orbital  floor. 
Externally,  the  two  palpebral  ligaments  fuse  to  form  the  external  tarsal  ligament, 
while  internally  they  become  thinned,  and,  separating  from  the  internal  tarsal 
ligament,  are  attached  to  the  lachrymal  bone  behind  the  lachrymal  sac.  These  two 
palpebral  ligaments  form  a  kind  of  septum  or  diaphragm,  the  septum  orbitale, 
between  tlie  superficial  and  deep  structures  of  the  eyelids  ;  this  septum  is  perforated 
by  the  vessels  and  nerves,  which  extend  from  the  orbital  cavity  to  the  face  or 
scalp. 

The  skin  covering  the  lids  is  thin  and  delicate,  and  is  continuous,  at  their  margins, 
with  their  conjunctival  lining.  It  contains  numerous  small  sweat  glands  and  fine 
hairs,  the  latter  being  provided  with  sebaceous  follicles.  Branched  pigment  cells 
are  present  in  the  cutis,  and  pigment  also  exists  in  the  deep  layers  of  the  epidermis. 
The  subcutaneous  tissue  is  loose  and  devoid  of  fat,  and  in  it  are  found  the  fibres  of 
the  orbicularis  palpebrarum  muscle — a  small  separate  bundle  of  which,  termed  the 
muscle  of  Riolan,  occupies  the  margin  of  the  lids  behind  the  eyelashes.  The 
Meibomian  glands,  or  glanduLe  tarsales,  are  elongated  sebaceous  glands  with  numerous 
lateral  offshoots  ;  they  are  embedded  in  the  tarsal  plates  and  filled  with  cubical 
epithelium.  Eather  more  numerous  in  the  upper  than  in  the  lower  lid,  they  open 
by  small  ducts,  about  1  mm.  in  len  j,th,  along  the  lid  margins  behind  the  eyelashes ; 
the  ducts  are  lined  by  stratified  epithelium  placed  on  a  basement  membrane. 
Between  the  eyelashes  and  the  muscle  of  Riolan  are  two  or  three  rows  of  modified 
sweat  glands,  termed  the  glands  of  Moll,  the  blocking  of  one  of  the  ducts  of  which 
frequently  gives  rise  to  a  stye. 

H.  Miiller  described  a  layer  of  non-striped  muscle  in  each  lid  :  in  the  upper  extending  from 
the  tendon  of  the  levator  palpebrae  superioris  to  the  upper  tarsal  plate,  and  in  the  lower 
connecting  the  inferior  tarsal  plate  with  the  inferior  oblique  muscle. 

The  tendon  of  the  levator  palpebrse  superioris  divides  into  three  parts — an 
anterior,  passing  between  the  bundles  of  the  orbicularis  to  the  deep  surface  of  the 
skin ;  a  middle,  attached  to  the  superior  tarsal  plate ;  and  a  posterior,  to  the  fornix 
coujunctiviE  :  there  is  no  corresponding  muscle  in  the  lower"  lid.  The  eyelashes  are 
curved,  silky  hairs,  which  project  from  the  free  margins  of  the  lids ;  in  the  upper 
lid  they  are  longer  and  more  numerous  than  in  the  lower,  and  are  curved  upwards, 
while  those  of  the  lower  lid  are  bent  downwards. 

Conjunctiva. — This  mucous  membrane  lines  the  back  of  the  lids  (tunica  con- 
junctiva palpebrarum)  and  is  continued  on  to  the  front  of  the  eyeball  (tunica 
conjunctiva  bulbi).  The  line  along  which  it  is  reflected  on  to  the  globe  of  the  eye 
is  termed  the  fornix  conjunctivae.  The  palpebral  portion  adheres  intimately  to  the 
tarsal  plate  and  presents  numerous  papillte.  It  is  covered  by  a  layer  of  columnar 
epithelial  cells,  beneath  the  bases  of  which  are  small  flattened  cells.  IS' ear  the 
fornix  a  number  of  acino-tubular  glands,  much  more  plentiful  in  the  upper  than  in 
the  lower  lid,  open  on  to  its  free  surface.  The  conjunctiva  bulbi  is  thinner  than 
that  lining  the  lids,  and  is  loosely  attached  to  the  sclera  by  submucous  tissue.  The 
plica  semilunaris  conjunctivcE  has  already  been  referred  to  (p.  695).  On  the  cornea 
the  conjunctiva  is  represented  merely  by  the  stratified  epithelium,  already  described 
(p.  684). 

Vessels  and  Nerves. — The  chief  arteries  of  the  eyelids  are  the  superior  and  inferior  palpe- 
bral branches  of  the  ophthalmic,  which  pierce  the  septum  orbitale  above  and  below  the  internal 
tarsal  ligament  and  run  tortuously  outwards  in  the  corresponding  lid.    On  reaching  the  region 
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of  the  outer  canthiis  they  anastomose  with  each  other  and  with  twigs  from  the  lachrymal,  super- 
ficial temporal,  and  transverse  facial  arteries,  and  in  tliis  way  an  arch  is  formed  in  each  lid  (upper 
and  lower  tai'sal  ai'clies).  Secondary  smaller  arclies  are  found,  one  above  the  primary  arch  in  the 
upper  lid  and  another  below  that  of  the  lower  lid,  while  the  upper  lid  also  receives  branches  from 
tlie  supraorbital  and  frontal  arteries.  Tlie  veins  are  arranged  into  two  sets  :  (a)  subconjunctival 
or  retrotarsal,  opening  into  the  muscular  tributariei  of  the  ophtlialmic  vein,  and  (b)  pretarsal,  wliich 
pour  their  contents  into  the  angular  and  superficial  temporal  veins.  The  lymphatics,  like  the 
veins,  form  pre-  and  retrotarsal  networks,  which  communicate  with  each  other  through  the  tarsal 
plates.  The  lymph  is  drained  j^artly  into  the  preauricular  and  parotid  lymphatic  glands,  and 
partly,  by  vessels  which  accompany  the  facial  vein,  into  the  submaxillary  lymphatic  glands.  The 
sensory  nerves  of  the  eyelids  are  supplied  by  the  fifth  cranial  nerve — the  u]iper  lid  chiefly  by  the 
supraorbital  and  supratrochlear  branches  of  the  ophthalmic  ;  the  lower,  by  the  infraorbital  branch 
of  the  sujaerior  maxillary.  The  region  of  the  outer  canthus  receives  some  filaments  from  the 
lachrymal  nerve,  that  of  the  inner  from  the  infra  trochlear.  These  sensory  nerves  form  a  marginal 
plexus  behind  the  orbicularis  palpebrarum  muscle.  The  levator  palpebraj  muscle  is  supplied  by 
the  third  cranial  nerve  and  the  non-striped  fibres  of  the  lids  by  the  sympathetic. 

LACHEYMAL  APPAEATUS. 

The  lachrymal  apparatus  (apparatus  lacrimalis)  consists  of  :  (1)  the  lachrymal 
gland,  which  secretes  the  tears  ;  (2)  the  lachrymal  canals,  by  which  they  are  drained 
from  the  front  of  the  globe  ;  and  (3)  the  lachrymal  sac  and  nasal  duct,  which  convey 
them  into  the  nasal  cavity. 

The  lachrymal  gland  is  a  flattened,  oval  body  situated  in  the  upper  and  outer 
part  of  the  orbital  cavity,  and  consists  of  two  portions — orbital  and  palpebral — 
imperfectly  separated  from  each  other  by  the  expansion  of  the  tendon  of  the  levator 
palpebrie  superioris  muscle.  The  orbital  portion,  termed  the  glandula  lacrimalis  superior, 
is  firm  and  much  larger  than  the  palpebral  part ;  it  measures  transversely  about 
20  mm.,  and  sagittally  from  12-14  mm.  It  occupies  the  fossa  lacrimalis  on  the  inner 
aspect  of  the  external  angular  process  of  the  frontal  bone  and  is  fixed  by  fibrous 
bands  to  its  periosteum,  while  its  inferior  surface  is  in  contact  with  the  levator 
palpebrse  superioris  and  external  recti  muscles  which  intervene  between  it  and  the 
globe  of  the  eye.  The  smaller,  palpebral  portion,  named  glandula  lacrimalis  inferior, 
consists  of  loosely  aggregated  lobules.  It  lies  below  and  in  front  of  the  orbital 
portion  and  projects  into  the  posterior  part  of  the  upper  eyelid,  where  its  deep  sur- 
face is  in  contact  with  the  conjunctiva.  The  ducts  of  the  upper  gland,  from  three 
to  five  in  number,  receive  those  of  the  lower  gland,  which  vary  from  three  to  nine, 
and  open  on  the  upper  eyehd  close  to  the  fornix  conjunctiviB  superior.  The 
lachrymal  gland  has  a  structure  similar  to  that  of  the  parotid,  and  is  supplied  by 
the  sympathetic  and  lachrymal  nerves  and  by  the  lachrymal  artery,  while  its  veins 
are  dr.iined  mto  the  ophthalmic  vein. 

The  lachrymal  canals  (ductus  lacrimales)  commence  by  minute  orifices,  termed 
the  puncta  lacrimalia,  at  the  apices  of  the  papilltB  lacrimales,  ah'eady  referred  to  (p. 
695).  The  upper  canal  is  the  smaller  of  the  two,  and  at  first  ascends  for  a  short 
distance,  and  then  runs  inwards  and  slightly  downwards ;  the  lower  descends  for  a 
short  distance  and  then  runs  horizontally  inwards.  At  the  an!j,le  where  they 
ch  mge  their  direction  each  is  dilated  into  an  ampulla  (ampulla  ductus  lacrimalis). 
They  occupy  the  margins  of  the  lids,  where  these  bound  the  lacus  lacrimalis,  and 
the  two  canals  open  close  together  into  tlie  outer  and  forepart  of  the  lachrymal 
sac,  a  little  below  its  middle;  sometimes  they  open  separately  into  a  pouch-like 
dilatation  of  the  sac,  termed  the  sinus  of  Maier.  Each  canal  is  lined  by  a 
stratified  epithelium  placed  on  a.  tunica  propria,  outside  which  is  a  layer  of 
striped  muscular  fibres,  derived  from  the  tensor  tarsi  muscle.  These  muscular 
fibres  are  arranged  somewhat  spirally  around  the  canals,  but  at  the  bases  of 
the  papillae  they  are  circular  in  direction  and  form  a  species  of  sphincter.  On 
contraction,  they  serve  to  empty  the  contents  of  the  lachrymal  canals  into  the 
lachrymal  sac. 

The  lachrymal  sac  and  nasal  duct  together  form  the  passage  by  which  the  tears 
are  conveyed  from  the  lachrymal  canals  to  the  nose. 

The  lachrymal  sac  (saccus  lacrimalis)  is  the  upper  expanded  part  of  the  passage, 
and  measures  from  12-15  mm.  in  length,  about  7  nim.  antero-posteriorly,  and 
from  4-5  mm.  transversely.    It  lies  in  the  groove  formed  by  the  lachrymal  bone 
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and  nasal  process  of  the  superior  maxilla,  and  ends  above  in  a  rounded,  blind 
extremity  or  fundus,  while  it  narrows  below  into  the  nasal  duct.  Here  a  fold  of 
mucous  membrane,  named  the  valve  of  Bei'aud  or  of  Krause,  together  with  a  later- 
ally-directed pouch,  the  sinus  of  Ai'lt,  are  sometimes  present.  Near  its  superior 
extremity  it  is  crossed  in  front  by  the  internal  tarsal  ligament,  from  the  upper 
and  lower  edges  of  whicli  the  orbicularis  palpebrarum  takes  origin,  while  behind 
it  is  the  tensor  tarsi  muscle,  or  muscle  of  Horner. 

The  nasal  duct  (ductus  naso-lacrimalis)  averages  about  18  mm.  in  length  and 
has  a  diameter  of  from  3-4  mm.  Rather  narrower  near  its  middle  than  at  its  upper 
and  lower  extremities,  it  is  directed  downwards  and  slightly  backwards,  and  opens 
into  the  inferior  meatus  of  the  nose  at  the  junction  of  its  anterior  with  its  pos- 
terior three-fourths,  i.e.  a  distance  of  30-35  mm.  from  the  posterior  boundary  of  the 
nostril.  Its  lower  orifice  is  somewhat  variable  in  form  and  position,  and  is  occa- 
sionally duplicated.  It  is  fi-equently  guarded  by  a  fold  of  mucous  membrane,  termed 
the  valve  or  plica  lacrimalis  of  Hasner.  Through  this  orifice  the  mucous  lining  of 
the  duct  is  continuous  with  that  of  the  nose.  The  mucous  membrane  of  the  duct 
is  thrown  into  inconstant  folds,  several  of  which  have  been  described  as  valves. 
Its  epithelium  is  columnar  and  in  part  ciliated ;  opening  into  the  lower  part  of  the 
duct  are  numerous  glands,  similar  to  those  in  the  nasal  mucous  membrane.  The 
nerves  of  the  lachrymal  canals  and  sac  are  derived  from  the  iufratrochlear  branch 
of  the  nasal ;  their  arteries  from  the  inferior  palpebral  and  nasal.  The  veins  of  the 
nasal  duct  are  laro;e  and  numerous,  formino;  a  sort  of  erectile  tissue  similar  to  that 
in  the  nose. 

Development  of  the  Eye. 

Tlic  retina  and  optic  nerve  aredevelo]jed  from  a  liollow  outgrow  tli  of  tlie  fore-brain,  termed 
the  optic  vesicle  (see  pp.  442  and  553).  This  extends  towards  the  side  of  the  liead,  and  its 
conne.xiou  with  the  Vjrain  is  gradually  elongated  to  form  the  optic  stalk.  The  ect(jderni 
overlying  the  optic  vesicle  becomes  thickened,  invaginated,  and  finally  cut  off  as  a  liollow 


I  Cliorioidal  fissure 

Fig.  507. — Sections  thuough  Portions  of  the  Heads  ok  Fcetal  Rabbits,  to  illustrate  tlie  connexion' 
of  the  ojitic  cuj)  with  tlie  fore-brain,  and  the  iiivaghiatiou  of  the  ectoderm  to  form  the  lens. 

island  of  cells,  wliich  is  developed  into  the  lens  and  is  named  the  lens  vesicle.  This  lens 
rudiment  indents  the  outer  and  low  er  part  of  the  optic  vesicle,  w  hicli  now  assumes  the  form 
of  a  cup  (optic  cup),  lined  by  two  layers  of  cells  continuous  with  each  other  at  the  margin 
of  the  cup.  Tlie  inner  of  these  strata,  thicker  than  the  outer,  is  named  the  retinal  layer, 
and  becomes  differentiated  into  the  nervous  and  supporting  elements  of  the  retina;  while 
the  outer,  named  the  pigmentary  layer,  forms  its  pigmented  epithelium.  The  edge  of  the 
optic  cup  extends  in  front  of  the  equator  of  the  lens,  and  bounds  the  future  aperture  of 
the  pupil.  In  front  of  the  lens,  and  also  opposite  its  equator,  the  retinal  layer  is  thin 
and  represented  only  by  a  stratum  of  columnar  cells  which  becomes  closely  applied  to 
the  pigmentary  layer,  tlie  two  forming  the  pars  ciliaris  and  pars  iiidica  retinsc.  The  in- 
dentation of  the  optic  cup  extends  as  a  groove  for  some  distance  along  the  postero-inferior 
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aspect  of  the  optic  stalk,  forming  what  is  termed  the  chorioidal  fissure  (Fig.  508).  Througli 
this  fissure  the  mesoderm  passes  inwards  between  the  lens  and  the  retina  to  form  the  vitreous 
body,  while  the  arteria  centralis  retinae  also  becomes  enclosed  in  it  and  so  gains  its  future 
position  in  tlie  centre  of  the  optic  nerve.  The  arteria 
centralis  is  prolonged  forwards  from  the  porus  opticus 
througli  tlie  vitreous  body,  as  a  cone  of  branches,  as 
far  as  the  back  of  the  lens.  By  the  fifth  or  sixth  month 
all  these  branches  have  disappeared  except  one,  the 
arteria  hyaloidea,  which  persists  until  the  last  month 
of  foetal  life,  when  it  also  atrophies,  leaving  only  the 
canalis  hyaloideus  to  indicate  its  position. 

The  lens  rudiment,  at  first  in  contact  with  the  ecto- 
derm, fi'om  which  it  is  derived,  soon  becomes  separated 
from  it  by  mesoderm,  and  then  consists  of  a  rounded 
vesicle  lined  by  epithelium.  The  epithelium  -which 
lines  the  anterior  part  of  the  vesicle  remains  as  a 
single  layer  of  cells — the  anterior  lens  epithelium  of 
the  adult.  The  cells  lining  the  posterior  part  of  the  vesicle  become  elongated  into  lens 
fibres,  and  by  the  forward  growth  of  these  the  cavity  of  the  vesicle  is  obliterated.  This 
elongation  into  lens  fibres  is  greatest  at  the  centre  of  the  lens,  while  near  the  equator 
the  fibres  ai'e  shorter,  and  here  the  gradual  transition  between  the  anterior  e])ithelium 
and  the  lens  fibres  is  seen  (Fig.  506).  The  lens  becomes  enveloped  in  a  vascular  tunic, 
which  receives  its  vessels  from  the  arteria  centralis  retinae  and  from  the  vessels  of  the  iris. 
The  front  part  of  this  tunic  forms  the  membrana  pupillaris,  and  this,  like  the  rest  of  the 
tunic,  disapjtears  before  birth. 

The  hollow  stalk  of  the  optic  cup  becomes  solid  by  the  thickening  of  its  walls  and  the 
obliteration  of  its  cavit}^  and,  acquiring  nerve  fibres,  becomes  the  optic  nerve.  These  nerve 
fibres  are  mostly  centripetal,  and  are  derived  from  the  nerve-cells  of  the  retina:  but  a  few 
are  centrifugal  and  have  their  origin  in  the  brain.  The  further  development  of  the  retina 
resembles,  in  certain  respects,  that  of  the  spinal  cord.  Some  of  the  epithelial  cells  of  the 
retinal  layer  become  elongated  and  branched  spongioblasts,  and  are  developed  into  the 
sustentacular  fibres  of  Miiller  and  their  limiting  membranes  ;  while  others,  neuroblasts, 
give  rise  to  the  nervous  elements.  The  rods  and  cones  make  their  appearance  in  the 
human  embryo  about  the  end  of  the  fifth  month  (Falchi),  but  not  until  after  birth  in  the 
cat  and  rabbit  (M.  Schultze). 

The  condensed  mesoderm  surrounding  the  optic  cup  becomes  the  sclera  and  chorioid. 
In  the  portion  of  the  mesoderm  which  lies  in  front  of  the  lens  a  cleft-like  fissure  appears, 
and  divides  it  into  a  thick  anterior  and  a  thin  posterior  layer.  The  former  becomes  the 
substantia  propria  of  the  cornea ;  the  latter,  the  stroma  of  the  iris  and  anterior  part  of  the 
vascular  tunic  of  the  lens.  The  fissure  represents  the  futnre  anterior  chamber,  and  its 
lining  cells  form  the  laj'er  of  endothelium  on  the  back  of  the  cornea  and  front  of  the 
iris. 

The  eyelids  arise  as  two  integumentary  folds  above  and  below  the  cornea,  each  being- 
covered  on  both  its  surfaces  by  the  ectoderm.  By  the  third  month  the  folds  meet  and 
unite  with  each  other  at  their  edges,  the  eyelids  being  only  permanently  opened  shortly, 
before  birth  ;  in  many  animals  they  are  not  opened  until  after  birth.  The  ectoderm 
/  forms  the  epithelium  of  the  conjunctiva  and  the  stratified  epithelium  of  the  cornea.  It 
is  also  invaginated  at  the  lid  margins  to  form  the  hair  follicles  and  the  lining  ceils  of  the 
Meibomian  glands  and  glands  of  Moll,  and,  at  the  fornix  conjunctiv;e,  to  form  the  liuing 
of  the  alveoli  and  ducts  of  the  lachi'ymal  gland. 

The  nasal  duct,  lachrymal  sac,  and  canals  represent  the  remains  of  the  furrow  which 
extends  from  the  inner  angle  of  the  eye  to  the  nasal  cavity  between  the  superior  maxillary 
and  lateral  nasal  processes  (p.  38).  It  is  at  first  filled  by  a  solid  rod  of  cells,  which 
becomes  hollowed  out  to  form  the  duct  and  canals. 


( )ptic  stalk 
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Fio.  508.-— Oi'Tic  Cup  and  Lens  virwkd 

FRDM  BEmND  AND  BuLOW,    to  sllOW 

formation  o^  chorioidal  fissure  and 
enclosure  of  the  arteria  centralis  re- 
tin;e  (Irom  model  liy  Ziegler). 


THE  EAE. 

The  ear  or  organ  of  hearing  (organon  auditus,  Fig.  509)  consists  of  three  por- 
tions— external,  middle,  and  inte;nal,  the  last  const. tuting  its  essential  part,  as 
-within  it  are  distributed  the  peripheral  terminations  of  the  auditory  nerve. 
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EXTEKNAL  EAE. 


Tympanic  cavity,  with  cliaiii  of  os.sicles 
Seiiiieiicular  canal 
Utricle 

Ductus  endolymphaticu.s     i  | 
Saccule 
Cochlea 


The  external  ear  ^  includes — («■)  the  pinna  or  auricula,  attached  to  and  projecting 
from  the  side  of  the  head  ;  and  (6)  the  passage  or  external  auditory  meatus  (meatus 

acusticus  ex  ternus),  lead- 
in"-  inwards  from  the 

O 

most  depressed  part  of 
the  pinna  as  far  as  the 
tympanic  membrane  or 
outer  wall  of  the  middle 
ear. 

The  Pinna. 

Tlie  pinna  or  auricula 
^  (Fig.  510)  presents  two 
surfaces,  outer  and  inner, 
the  latter  forming  an 
angle  (cephalo-auricular 
angle)  of  about  30°, 
opening  backwards,  with 
tlie  side  of  the  head. 
The  outer  surl'ace  is 
irregularly  concave,  but 
presents  several  well  - 
marked  eleviitions  and 
depressions.  The  deepest 
of  the  depressions  is 
situated  near  its  middle,  and  is  named  the  concha  (concha  auriculae).  It  is  divided 
by  an  almost  transverse  ridge,  the  crus  helicis,  into  an  upper,  smaller,  and  a  lower, 
larger  portion  :  the  former  is  termed  the  cymba  conchas ;  the  latter,  which  leads  into 
the  meatus,  the  cavum  conchse. 
Anteriorly,  the  crus  helicis  is  con- 
tinuous with  the  margin  of  the 
pinna  or  helix,  which  is  folded  over, 
in  the  greater  part  of  its  extent, 
like  the  rim  of  a  hat,  and  is 
directed  at  first  upwards,  and  then 
backwards  and  downwards,  to 
become  gradually  lost  a  little  below 
the  middle  of  the  pinna.  Where 
tbe  helix  begins  to  turn  down- 
wards a  small  tubercle,  the  tuber- 
culum  superius  (Darwini),  is  often 
seen  ;  it  will  be  again  referred  to. 
In  front  of  the  descending  part  of 
the  helix  is  a  second  elevation, 
the  antihelix.    Single  below,  this 
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Fig.  509. — Diagrammatic  View  of  the  Organ  ok  Heauikg. 
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Fig.  510.- 


-View  ok  Outer  Surface  of  Left  Pinna 
(half  natural  size). 


divides  superiorly  into  two  limbs,  termed  the  crura  antihelicis,  between  which  is  a 
triangular  depression,  the  fossa  of  the  antihelix,  or  fossa  triangularis.  The 
elongated  furrow  between  the  helix  and  antihelix  is  named  the  fossa  of  the  helix 
or  scapha.  The  concavity  of  the  concha  is  overlapped  in  front  by  a  tongue-like 
process,  the  tragus,  and  behind  by  a  triangular  projection,  the  antitragus.  The  notch, 
directed  downwards  and  forwards  between  these  two  processes,  is  named  the 
incisura  intertragica.  Tlie  trtigus  really  consists  of  two  tubercles,  the  upper  of 
which  constitutes  the  tuberculum  supratragicum  of  His,  and  is  separated  from  the 
helix  by  a  groove,  the  sulcus  auris  anterior.     The  lobule  (lobulus  auriculae)  is 


•  Althougli  it  is  usual  to  sjicak  of  the  external,  middle,  and  iutenial  ear,  it  would  be  more  correct  to 
use  tlie  terms  external,  iiiiddli',  and  internal  ^o)'/iq?;s  of  the  ear. 


THE  PINi^A. 


101 


=  Auricular  index. 


situated  below  the  incisura  iutertragica,  and  is  the  most  dependent  part  of  the 
pinna. 

The  inner  or  cranial  surface  is  also  irregular  and  presents  elevations  corre- 
sponding to  the  depressions  on  its  outer  surface,  e.g.  eminentia  conchse,  eminentia 
triangularis,  etc. 

The  pinna  is  usually  smaller  and  more  finely  modelled  in  the  female  than  in  the  male,  but 
presents  great  variations  in  size  and  shape  in  different  individuals.  In  the  newly-born  child  its 
length  is  aliout  one-third  of  that  of  tlie  adult,  while  it  increases  slightly  in  lengtli  and  breadth 
in  old  age. 

The  relation  of  the  width  to  the  heiglit  is  termed  the  aiu-icular  index  and  is  expressed 
as  follows  : — 

width  of  pinna  x  100 
lengtli  of  pinna 

This  index  is  less  in  white  than  in  dark  races. 

The  cephalo-auricular  angle  may  be  jaractically  absent,  as  in  those  cases  where  the  skin  of  the 
liead  joasses  directly  on  to  the  outer  surface  of  tlie  pinna,  or  it  may  be  increased  to  nearly  a  right 
angle,  so  that  the  outer  surface  of  the  pinna  looks  directly  forwards.  The  tuberculum  superius, 
the  significance  of  which  was  recognised  by  Darwin,  is  a  somewhat  triangular  prominence  which 
]irojects  forwards  when  the  helix  is  well  rolled  over,  but  backwards  and  upwards  when  the 
incurving  of  tlie  helix  lias  been  arrested.  More  frequently  present  in  men  than  in  women,  it  is 
of  developmental  interest  since  it  has  Ijeen  shown  to  be  well  marked  at  the  sixtli  month  of  foetal 
life,  the  entire  pinna  exhibiting,  at  tliis  stage,  the  appearance  of  tliat  of  the  adult  macaque. 

The  lobule  may  be  small  and  sessile  or  considerably  elongated  ;  it  may  adhere  to  the  skin  of 
the  cheek  (webbed)  or  may  tend  to  bifurcate  at  its  lower  extremity. 

Structure  of  the  Pinna. — The  greater  part  of  the  pinna  consists  of  a  lamella 
of  yellow  libro-cartilage,  the  cartilage  auriculae ;  the  cartilage  is  however  absent 
from  the  lobule,  which  is  composed  of  adipose  tissue.  When  laid  bare,  the  carti- 
laginous lamella  (Figs.  511,  512)  presents,  in  an  exaggerated  condition,  all  the  in- 
equalities of  the  pinna,  and  is  seen 
to  be  prolonged  inwards,  to  form  a 
considerable  portion  of  the  external 
auditory  meatus.  The  cartilage  of 
the  helix  projects  anteriorly  as  a 
conical  eminence,  the  spina  helieis, 
whilst  its  inferior  extremity  ex- 
tends downwards  as  a  tail -like 
process,  the  cauda  lielicis,  which  is 
separated  from  the  lower  part  of 
the  antitragus  by  a  fissure,  termed 
the  fissura  antitragohelicina.  The 
cartilage  of  the  pinna  is  continuous 
with  that  of  the  meatus  by  a 
narrow  isthmus  (isthmus  cartilaginis 
auris)  measuring  from  8-9  mm.  in 

breadth.  This  isthmus  corresponds  externally  with  the  deepest  part  of  the 
incisura  intertragica,  and  internally  it  forms  the  outer  boundary  of  a  deep 
fissure,  the  incisura  terminalis  auris,  which  separates  the  cartilage  of  the  meatus 
from  that  of  the  concha.  The  upper  edge  of  the  tragus  fits  into  an  angle  below 
the  crus  helieis. 

If  tlie  incisura  terminalis  auris,  together  with  the  istlinms  and  the  incisura  intertragica,  be 
taken  as  representing  the  boundary  between  the  cartilage  of  the  pinna  and  that  of  the  meatus,  it 
follows  that  the  tragus  really  forms  a  part  of  the  meatal  cartilage. 

On  the  cranial  aspect  of  the  cartilage  (Fig.  512)  the  eminences  produced  by  the 
concha  and  fossa  triangularis  are  separated  by  a  transverse  furrow,  the  sulcus  anti- 
helicis  transversus,  corresponding  with  the  crus  antihelicis  inferior ;  further,  the 
eminentia  conchte  is  crossed  horizontally  by  a  groove,  the  sulcus  cruris  helieis,  and 
almost  vertically  by  a  slight  ridge,  the  ponticulus  :  the  latter  indicates  the  attach- 
ment of  the  retrahens  auriculam  muscle. 

In  addition  to  the  fissures  described,  others,  termed  the  fissures  of  Santorini,  are 
found,  usually  one  in  the  tragus  and  one  or  more  in  the  cartilage  of  the  meatus. 
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Fig.  511.- 


-OuTEii  Surface  of  Cartilage  of  Pinna 
(one-half  natural  size). 
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-Inner  Surface  of  Cartila(;e  of  Pinna 
(one-half  natural  size). 


Ligaments  of  the  Pinna. — The  cartilage  of  the  pinna  is  attached  to  the  skull 
by  two  fibrous  bands  wliicli  form  its  extrinsic  ligaments,  viz. :  («)  anterior, 

stretching  from  the  zygoma  to  the 
spina  helicis  and  tragus ;  and  (6) 
posterior,  passing  from  the  eminentia 
conchae  and  upper  wall  of  the  meatus 
to  the  mastoid  process.  Small  liga- 
mentous bands  pass  between  individual 
parts  of  the  pinna,  and  form  what  are 
termed  its  intrinsic  ligaments. 

Muscles  of  the  Pinna  (Figs.  511, 
512). — The  muscles  of  the  pinna  are 
divided  into  two  groups,  extrinsic  and 
intrinsic.  The  extrinsic  muscles  pass 
from  the  pinna  to  the  skull  or  scalp, 
and  are  described  in  the  section  upon 
Myology.  The  intrinsic  muscles,  on 
the  other  hand,  are  confined  to  the  })inna  and  are  six  in  numlier,  four  on  its  outer 
and  two  on  its  cranial  aspect. 

(a)  On  the  outer  surface  (Fig.  511) — 

1.  M.  helicis  major,  passing  upwards  from  the  spina  helicis  along  the  ascending 
part  of  the  helix.  2.  M.  helicis  minor,  covering  the  crus  lieHcis.  3.  M.  tragicus, 
quadrangular  in  shape,  and  consisting  of  fibres  running  vertically  over  the  greater 
part  of  the  tragus.  Some  of  its  fibres  are  prolonged  upwards  to  the  spina  helicis 
and  constitute  the  m.  pyramidalis.  4.  M.  antitragicus,  covering  the  antitragus  and 
passing  oljliqviely  upwards  and  backwards  as  far  as  the  antihelix  and  cauda  helicis. 

(h)  On  the  cranial  surface  (Fig.  512) — 

1.  M.  transversus  auriculae,  consisting  of  scattered  fibres,  which  stretch  from 
the  eminentia  conchte  to  the  convexity  of  the  helix.  2.  M.  obliquus  auriculae  (Tod), 
comprising  a  few  fasciculi,  which  run  obliquely  or  vertically  across  the  furrow  corre- 
sponding with  the  crus  antihelicis  inferior.  A  small  muscle,  the  stylo-auricularis, 
sometimes  extends  from  the  root  of  the  styloid  process  to  the  cartilage  of  the 
meatus. 

Skin  of  the  Pinna. — The  skin  covering  the  pinna  is  thin  and  smooth,  and  is 
prolonged  inwards,  in  the  form  of  a  tube,  as  a  lining  to  the  external  auditory 
meatus.  It  adheres  firmly,  on  the  outer  surface  of  the  pinna,  to  the  subjacent 
perichondrium.  Hairs  are  well  developed  on  the  tragus  and  antitragus,  and  also  in 
the  incisura  intertragica,  forming  the  barbula  hirci,  which  guard  the  entrance  to  the 
conclia.  Soft  downy  hairs  are  found  over  the  greater  part  of  the  pinna  and  point 
towards  Darwin's  tubercle.  Sebaceous  glands,  present  on  both  surfaces  of  the  pinna, 
are  most  numerous  in  the  concha  and  fossa  triangularis.  Sweat  glands  are  found 
on  both  surfaces,  but  are  much  more  numerous  on  the  cranial  aspect. 

Vessels  of  the  Pinna. — The  arteries  for  the  pinna  are  derived — (a)  from  the  .superficial  tem- 
poral, which  sends  two  or  three  branches  to  the  outer  surface  ;  and  (b)  from  the  posterior  auricular, 
wliich  gives  tliree  or  four  branches  to  the  cranial  surface.  From  the  latter,  two  sets  of  twigs  are 
prolonged  to  the  outer  surface,  one  turning  round  the  free  margin  of  the  helix  and  the  other 
jjassing  through  small  fissures  in  the  cartilage.  Tlie  veins  from  the  outer  surface  open  into  the 
superficial  temporal  vein  ;  those  from  the  cranial  surface  chiefly  join  the  posterior  auricular  A^ein, 
but  some  communicate  with  the  mastoid  emissary  vein.  The  lymphatics  take  three  directions, 
viz.  :  (a)  forwards  to  the  preauricular  gland  in  front  of  the  tragus,  (h)  downwards  to  the  parotid 
lymphatic  glands,  and  (c)  backwards  to  the  highest  of  the  mastoid  lymphatic  glands. 

Nerves  of  the  Pinna. — The  muscles  of  the  pinna  are  supplied  hy  the  seventh  cranial 
nerve.  The  skin  receives  its  sensory  nerves  from  —  («)  the  great  auricular,  which  supplies 
nearly  the  whole  of  tlae  cranial  surface  and  sends  filaments  in  company  with  the  branches  of 
the  posterior  auricular  artery  to  tlie  outer  surface ;  (b)  the  auriculo-temporal,  which  supplies 
the  tragus  and  ascending  part  of  the  lielix  ;  (c)  the  small  occipital,  which  sends  a  branch  to  the 
upper  part  of  the  cranial  stu-face. 

External  Auditory  Meatus. 

The  external  auditory  meatus  (meatus  acusticus  externus)  (Figs.  513,  514)  is 
tlie  passage  leading  inwards  from  the  concha  as  far  as  the  membrana  tympani.  Its 
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avemge  length,  measured  from  the  bottom  of  the  concha,  is  about  one  inch 
(24  mm,),  but,  if  measured  from  the  level  of  the  tragus,  nearly  one  inch  and  a 
half  (35  mm.). 

Pars  ossea  of  external  aiulitory  meatus 
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Its 

anterior  and  inferior 
walls  are  longer  than 
the  posterior  and 
superior.  The  tube 
consists  of  two  parts, 
viz. :  (ci)  an  external 
fibro-cartilaginous 
portion,  the  pars 
cartilaginea,  having 
a  length  of  about 
8  mm. ;  and  (h)  an 
internal  osseous  por- 
tion, the  pars  ossea, 
measuring  about 
16  mm.,  and  formed 
i)y  a  portion  of  the 
temporal  bone.  The 
entire  meatus  forms 

a  somewhat  S-shaped  bend  (Fig.  514)  and  may  be  divided  into  three  portions,  viz. : 

(1)  pars  externa,  directed  inwards,  forwards,  and  slightly  upwards  for  al)0ut  7  mm. ; 

(2)  pars  media,  inclining  inwards  and  backwards  for  about  5  mm. ;  (3)  pars  interna, 
the  longest  of  the  three,  passing  forwards,  inwards,  and  slightly  downwards.  On 
transverse  section  the  canal  is  seen  to  be  elliptical,  its  greatest  diameter  having  an 
inclination  downwards  and  backwards.  Widest  at  its  outer  extremity,  it  becomes 
somewhat  narrower  at  the  inner  end  of  the  pars  cartilaginea ;  once  more  expanding 

in  the  outer  part  of 
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again  constricted  near 
the  inner  end  of  the 
latter,  where  its  nar- 
rowest part,  or  isthmus, 
is  found  at  a  distance  of 
about  19  mm.  from  the 
bottom  of  the  concha. 
The  inner  extremity 
of  the  meatus  is  nearly 
circular  and  is  closed 
by  the  membrana 
tympani. 

The  lumen  of  the 
pars  cartilaginea  is  in- 
fluenced by  the  move- 
ments of  the  lower  jaw, 
being 


-Horizontal  Section  through  Right  Ear  ; 
Section,  seen  from  below  (natural  size). 

increased  when 

it  is  depressed.  This  can  be  easily  verified  by  inserting  a  finger  into  the  meatus, 
and  then  alternately  opening  and  shutting  the  mouth. 

The  condyle  of  the  jaw  lies  in  front  of  the  pars  ossea,  while  between  the  jaw  and 
the  pars  cartilaginea  there  intervenes  a  portion  of  the  parotid  gland.  Below  the 
meatus  is  the  retro-mandibular  part  of  the  parotid  gland.  Behind  the  pars  ossea, 
and  separated  from  it  by  a  thin  plate  of  bone,  are  the  mastoid  air-cells. 

Structure  of  the  Meatus. — The  cartilage  of  the  meatus,  directly  continuous 
with  that  of  the  pinna,  is  folded  on  itself  to  form  a  groove,  opening  upwards  and 
backwards,  the  margins  of  which  are  connected  by  fibrous  tissue.  The  inner  end  of 
the  cartilage  is  firmly  fixed  to  the  outer  margin  of  the  bony  meatus,  whilst  its  outer 
extremity  is  continuous  with  the  cartilage  of  the  tragus  {vide  p.  701).  A  couple  of 
fissures,  the  fissures  of  Santorini,  exist  in  the  anterior  portion  of  the  cartilage  of  the 
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meatus,  and  are  filled  by  llbrous  tissue.  In  the  outer  part  of  the  meatus,  the  cartilage 
forms  about  three-fourths  of  its  circumference  ;  but,  on  passing  inwards,  the  propor- 
tion of  cartilage  to  fibrous  tissue  diminishes,  with  the  result  that  near  the  inner 
end  of  the  pars  cartilaginea  the  cartilage  forms  merely  a  part  of  the  anterior  and 
lower  boundaries  of  the  canal. 

The  osseous  portion  (])ar,s  ossea)  of  the  meatus  is  described  on  ji.  113 ;  but  it  may  be 
well  to  state  liere  that  in  the  newlv-lxirn  child  it  is  represented  only  by  an  incomplete 
ring  of  bone,  the  annulus  tympanicus,  together  with  a  small  portion  of  the  squamous 
temjjoral,  which  articulates  with,  and  bridges  over  the  interval  between,  the  extremities  of  the 
ring  su])eriorly.  In  the  concavity  of  the  annulus  is  a  well-detined  groove,  the  sulcus  tympanicus, 
in  which  the  circumference  of  the  membrana  tympani  is  fixed.  A  fibrous  plate,  the  tympanic 
fibrous  plate  (Symington),  intervenes  between  the  annulus  tympanicus  and  the  inner  end  of  the 
cartilage  of  the  meatus,  and  into  this  jjlate  the  bony  ring  extends.  The  bony  outgrowth  does 
not,  however,  proceed  uniformly  throughout  its  circumference,  but  occurs  most  rapidly  in  the 
anterior  and  posterior  j.iarts  of  the  ring.  These  outgrowths  fuse  about  the  end  of  the  second  year 
of  life,  so  as  to  surround  a  foramen  in  the  floor  of  the  meatus  (foramen  of  Huschke),  which  is 
usually  closed  by  the  fifteenth  year,  l)ut  persists  until  adult  life  in  some  19  per  cent,  of  skulls. 

The  lumen  of  the  meatus  in  the  newly-born  child  is  extremely  small  :  its  outer  part  is  funnel- 
shaped  ;  its  inner  a  mere  slit,  bounded  below  by  the  tympanic  fibrous  jjlate  and  above  by  the 
obliquely-jdaced  mendu'ana  tym])ani. 

The  skin  which  envelopes  the  pinna  lines  the  entire  meatus,  and  covers  also  the 
outer  surface  of  the  tympanic  membrane.  It  is  thick  in  the  pars  cartilaginea  and 
contains  tine  hairs  and  sebaceous  glands,  the  latter  extending  inwards  for  some  dis- 
tance along  the  postero-superior  wall  of  the  pars  ossea.  The  sweat  glands  are 
enlarged  and  of  a  brownish  colour ;  they  constitute  the  glandulse  ceruminosae  and 
secrete  the  ear  wax  or  cerumen. 

Vascular  and  Nervous  Supply  of  the  Meatus. — The  meatus  receives  its  blood-supply  iiom 
the  posterior  auricular  and  su])erficial  temporal  arteries,  and  also  from  the  deep  auricular  branch 
of  the  internal  nuixillary  artery,  the  last  distribut  ing  some  minute  branches  to  the  membrana 
tympani.  The  veins  ojjen  into  the  external  jugular  and  internal  maxillary  veins,  and  also  into 
the  pterygoid  plexus,  while  the  lymphatics  have  a  similar  mode  of  termination  to  those  of  the 
pinna.  Sensory  nerves  ai'e  sujjplied  to  the  meatus  ))y  the  aiu-iculo-temporal  branch  of  the  fifth 
and  by  the  auricular  liranch  of  tlie  \'agus. 

MIDDLE  EAR  OR  TYMPANIC  CAVITY. 

The  tympanic  cavity  (cavum  tympani)  is  a  small  air  chamber  in  the  temporal 
bone,  intervening  between  the  inner  end  of  the  external  auditory  jueatus  and  the  outer 
wall  of  the  internal  ear  or  labyrinth  (Figs.  513,  514).  Lined  by  mucous  membrane, 
it  contains  a  chain  of  ossicles  (ossicula  auditus),  which  reaches  from  its  otiter  to  its 
inner  wall,  and  by  means  of  which  the  vibrations  of  the  membrana  tympani  are 
transmitted  across  the  cavity  to  the  internal  ear.  Attached  to  the  ossicles  are 
several  ligaments,  together  with  a  pair  of  small  muscles,  while  certain  nerves  are 
either  distributed  to  the  cavity  or  pass  through  it. 

The  tympanic  cavity  consists  of  two  portions:  (1)  The  tympanum  proper,  or 
atrium,  lying  immediately  to  the  inner  aspect  of  the  membrana  tympani ;  and  (2) 
the  recessus  epitympanicus,  or  aditus  ad  antrum,  lying  above  the  level  of  the  mem- 
brane and  containing  the  greater  part  of  the  incus  and  the  upper  half  of  the 
malleus.  Including  this  recess,  the  vertical  and  antero-posterior  diameters  of  the 
tympanic  cavity  are  rather  more  than  half  an  inch  (15  mm.).  The  distance 
between  its  outer  and  inner  walls  is  about  6  mm.  above  and  4  mm.  below,  while  at 
its  central  part,  owing  to  the  bulging  of  the  two  walls  towards  the  cavity,  it 
measures  only  from  1^  to  2  mm. 

The  tympanic  cavity  presents  for  examination  a  roof,  a  floor,  and  four  walls,  viz. 
anterior,  posterior,  external,  and  internal. 

The  roof  (Fig.  515)  (paries  tegmen talis)  is  formed  by  a  thin  plate  of  bone,  the 
tegmen  tympani,  constituting  a  portion  of  the  upper  surface  of  the  petrous-temporal. 
It  extends  backwards  so  as  to  cover  in  the  mastoid  antrum,  and  forwards,  to  form 
the  roof  of  the  canal  for  the  tensor  tympani  muscle.  It  separates  the  tympanum 
and  antrum  from  the  cranial  cavity  and  may  contain  a  few  air-cells,  whilst  occasion- 
ally it  is  partly  deficient.    In  the  child,  its  outer  edge  corresponds  witli  the  petro- 
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squamous  suture.  The  floor  (fundus  tympani  seu  paries  jugularis)  is  narrower  than 
the  roof  and  consists  of  a  thin  plate  of  bone,  which  separates  the  cavity  from  the 
fossa  jugularis ;  anteriorly,  it  extends  upwards  and  becomes  continuous  with  the 


Autnim  iiiastoideuin 
Recessns  epi!.yiiipauicus 
Pi'uiiiiuentia  canalis  facialis 


Fenest 
Canal  for  tensor  tympan 

Processus  cochleariform 


Promontory  with 
grooves  for 
tympanic  plexus' 
Osseous  part  of 
Eustachian  tube'^ 
Bristle  introduced  into  the 
foramen  for  Jacobson's  nerve 


Pyramid 

Sinus  tympani 
Mastoid  air-cells 


Fossula  rotunda 


Course  of  canalis  facialis 

Fio.  515. — Section  through  Left  Temporal  Bone,  showing  inner  wall  of  tympanic  cavity,  etc. 

posterior  wall  of  the  carotid  canal.  The  inner  orifice  for  Jacobson's  nerve,  or 
tympanic  branch  of  the  glosso-pharyngeal,  is  seen  near  the  junction  of  the  floor  with 
the  inner  wall. 

The  posterior  wall  (paries  mastoidea)  presents,  from  above  downwards:  (1)  A 
rounded  or  triangular  opening,  which  extends  backwards  from  the  recessus  epitym- 
panicus  and  leads  into  the  mastoid  antrum  (Fig.  515).  The  mastoid  antrum  will  be 
again  referred  to  (p.  708).    (2)  A  depression,  the  fossa  incudis  (Fig.  516),  for  the 

lodgmentoftheshort  Recessns  epitympanlcus 

process  of  the  incus; 
this  fossa  is  situated 
in  the  postero-infer- 
ior  part  of  the  reces- 
sus epitympanicus. 
(3)  A  minute  coni- 
cal bony  projection, 
the  pyramid  or  emi- 
nentia  pyramidalis 
(Fig.  515),  the  sum- 
mit of  which  is  per- 
forated by  a  round 
aperture  for  the  pas- 
sage of  the  tendon 
of  the  stapedius 
muscle.  This  aper- 
ture is  continued 
downwards  and 
backwards  as  a  canal 
in  front  of  the  Fal- 
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Fig.  516. — Left  Membrana  Tympani  and  Eecessus  Epitympanicus,  viewed 
from  within.  The  head  and  neck  of  the  malleus  have  been  removed  to 
show  the  membrana  flaccida  and  the  tympano-malleolar  folds,     x  3. 


lopian  aqueduct,  and  opens,  by  a  minute  orifice,  on  the  base  of  the  skull  in  front  of  the 
stylo-mastoid  foramen.  It  communicates  with  the  Fallopian  aqueduct  by  one  or  two 
small  foramina,  through  which  the  vessels  and  nerve  pass  to  reach  the  stapedius 
muscle.  A  minute  spicule  of  bone  often  extends  from  the  pyramid  to  the  promontory 
on  the  inner  wall  of  the  tympanum.  (4)  A  small  aperture,  the  apertura  tympanica 
canaliculi  chordae  (Fig.  516);  this  is  situated  immediately  internal  to  the  posterior 
edge  of  the  membrana  tympani,  nearly  on  a  level  with  the  upper  end  of  the  manu- 
brium mallei.  (5)  A  rounded  eminence,  the  prominentia  styloidea,  is  sometimes 
45 
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seen  below  the  last ;  it  is  caused  by  the  upward  and  forward  prolongation  of  the 
styloid  process. 

The  anterior  wall  (paries  carotica)  is  narrowed  in  its  transverse  diameter  by 
the  approximation  of  the  outer  and  inner  boundaries  of  the  cavity,  and  in  its 
vertical  diameter  by  the  descent  of  the  roof  and  ascent  of  the  floor.  It  presents 
(Fig.  515)  two  parallel  canals,  one  above  the  other,  separated  by  a  thin  lamella  of 
bone,  the  processus  cochleariformis  (septum  canalis  musculo-tubarii).  The  higher 
and  smaller  of  the  two  is  termed  the  canal  for  the  tensor  tympani  muscle  (semicanalis 
m.  tensoris  tympani)  and  lies  immediately  below  the  tegmen  tympani.  It  has  a 
diameter  of  about  2  mm.  and  extends  on  to  the  inner  wall  of  the  tympanic  cavity. 
The  lower  and  larger  canal  gradually  increases  in  size  from  before  backwards,  and 
forms  the  bony  part  of  the  Eustachian  tube  (semicanalis  tubee  auditivse).  It  opens 
on  the  anterior  wall  of  the  tympanic  cavity  opposite  the  orifice  leading  into  the 
mastoid  antrum.    The  Eustachian  tube  is  described  on  p.  708. 

The  outer  wall  (paries  membranacea)  is  formed  almost  entirely  by  the  mem- 
brana  tympani,  which  closes  the  inner  extremity  of  the  external  auditory  meatus 
(Fig.  516)  and  is  fixed,  throughout  the  greater  part  of  its  circumference,  in  a  groove, 
the  sulcus  tympanicus.  The  bony  ring  containing  this  sulcus  is  deficient  superiorly 
where  it  exhibits  a  distinct  notch,  the  notch  of  Rivinus.  On  a  level  with  the  upper 
edge  of  the  membrane,  and  in  front  of  the  ring  of  bone  in  which  it  is  fixed,  is  the 
inner  end  of  the  Glaserian  fissure,  or  remnant  of  the  fissura  petro-tympanica.  This 
transmits  the  tympanic  branch  of  the  internal  maxillary  artery  and  lodges  the 
processus  gracilis  and  anterior  ligament  of  the  malleus.  Close  to  the  inner 
extremity  of  the  fissure  is  the  canal  of  Huguier,  or  iter  chordae  anterius,  through 
which  the  chorda  tympani  nerve  leaves  the  tympanum. 

Membrana  Tympani. — This  is  an  elliptical  disc,  its  greatest  diameter,  9  to 
10  mm.,  being  directed  from  above  and  behind,  downwards  and  forwards,  whilst 
its  least  diameter  is  from  8  to  9  mm.  Its  antero-inferior  portion  inclines  markedly 
inwards,  and  thus  the  membrane  is  placed  very  obliquely,  forming  an  angle  of 
about  55°  with  the  lower  and  anterior  walls  of  the  external  auditory  meatus ;  its 
antero-inferior  part  is,  therefore,  most  distant  from  the  outer  orifice  of  the  meatus. 
The  membrane  is  said  to  be  more  oblique  in  cretins  and  deaf  mutes,  and  more  per- 
pendicular in  musicians. 

The  circumference  of  that  portion  of  the  membrane  which  is  fixed  in  the  sulcus 
tympanicus  is  considerably  thickened,  and  is  named  the  annulus  fibro-cartilagineus. 
It  is  prolonged  from  the  anterior  and  posterior  extremities  of  the  notch  of  Kivinus 
to  the  short  process  of  the  malleus  in  the  form  of  two  ligamentous  bands,  the 
anterior  and  posterior  malleolar  folds  or  ligaments  (plica  malleolaris  anterior  et 
posterior).  Tlie  small  triangular  portion  of  the  membrane  (Fig.  516),  situated  above 
these  folds,  is  thin  and  lax,  and  constitutes  the  pars  flaccida  or  membrane  of 
Shrapnell ;  the  main  portion  of  the  membrane  is,  on  the  other  hand,  tightly 
stretched  and  termed  the  pars  tensa.  A  small  orifice,  sometimes  seen  in  the  pars 
flaccida,  is  probably  either  a  pathological  condition  or  has  been  artificially  pro- 
duced during  manipulation.  The  handle  of  the  malleus  is  firmly  fixed  to  the  inner 
surface  of  the  membrana  tympani  and  draws  its  central  portion  inwards,  rendering 
its  outer  aspect  concave.  The  deepest  part  of  this  concavity  corresponds  with  the 
lower  extremity  of  the  handle  of  the  malleus,  and  is  named  the  umbo  membranse 
tympanse  or  navel. 

The  membrana  tympani  consists  of  three  layers :  (1)  external,  integumentary 
(stratum  cutaneum)  ;  (2)  middle,  fibrous  (membrana  propria) ;  (3)  internal,  mucous 
(stratum  mucosum). 

The  external  layer  (stratum  cutaneum)  is  continuous  with  the  integumentary 
lining  of  the  meatus  and  consists  of  a  thin  layer  of  cutis,  covered  by  epidermis. 
The  cutis  is  thickest  near  the  circumference ;  the  epidermis,  on  the  other  hand,  is 
thickest  near  the  centre  of  the  membrane. 

The  middle  layer  (membrana  propria)  consists  of  two  sets  of  fibres :  («)  external 
or  radial  (stratum  radiatum),  immediately  under  the  integument,  and  radiating 
outwards  from  the  handle  of  the  malleus  to  the  annulus  fibro-cartilagineus ; 
(b)  internal  or  circular  (stratum  circulare),  the  fibres  of  which  are  numerous 
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near  the  circumference,  but  scattered  and  few  in  number  near  the  centre  of 
the  membrane  (Fig.  516).  Both  radial  and  circular  fibres  are  absent  from  the  pars 
fiaccida,  which  is  constituted  merely  by  the  apposition  of  the  cutaneous  and  mucous 
layers.  Gruber  pointed  out  that,  in  addition  to  the  radial  and  circular  fibres,  there 
exists  a  series  of  dendritic  or  branched  fibres,  which  are  best  developed  in  the 
posterior  part  of  tlie  membrane. 

The  internal  layer  (stratum  mucosum)  is  continuous  with  the  general  mucous 
lining  of  the  tympanum.  It  is  thicker  over  the  upper  part  of  the  membrane  than 
near  its  centre  and  is  covered  by  pavement  epithelium. 

Otoscopic  Examination  of  the  Tympanic  Membrane  (Fig.  517).— The  lueinbiane,  in  the 
hving,  is  of  a  "  pearl-gray  "  colour,  but  may  present  a  reddish  or  yellowish  tinge,  depending  upon 
the  condition  of  its  mucous  lining  and  on  the  condition  of  the  cutaneous  lining  of  the  meatus  ;  the 
posterior  segment  is  usually  clearer 
than  the  anterior.  At  the  antero- 
superior  part,  close  to  its  periphery, 
a  whitish  point  appears  as  if  pro- 
jecting towards  the  meatus ;  this 
is  the  short  process  of  the  malleus. 
Passing  downwards  and  backwards 
from  this  point  to  the  umbo  is  a 
ridge  caused  by  the  handle  of  the 
malleus,  the  lower  extremity  of 
which  appears  rounded.  Two 
ridges,  corresponding  with  the 
tympano  -  malleolar  folds,  extend 
from  the  short  process  of  the 
malleus,  one  forwards  and  upwards, 
the  other  backwards  and  upwards. 
Behind,  and  near  the  lower  ex- 
tremity of  the  handle  of  the 
malleus,  is  a  reddish  or  yellowish  spot,  due  to  the  promontory  of  the  inner  tymjjanic  wall 
shining  through.  If  the  membrane  be  very  transparent,  the  long  process  of  the  incus  may 
be  visible  behind  the  upper  part .  of  the  handle  of  the  malleus,  and  reaching  downwards 
as  far  as  its  middle.  From  the  lower  end  of  the  handle  of  the  malleus,  the  "  cone  of  light " 
or  "  luminous  triangle  "  extends  downwards  and  forwards,  its  apex  being  directed  towards  the 
handle  ;  this  triangle  varies  in  size  in  different  jjeople.  A  line  prolonging  the  handle  down- 
wards divides  the  membrane  into  two  parts,  while  another,  drawn  at  right  angles  to  this  through 
the  umbo,  will  subdivide  it  into  four  quadrants,  viz.  postero-superior,  postero-inferior,  antero- 
superior,  and  antero-inferior  ;  this  subdivision  is  useful  in  enabling  the  otologist  to  localise  and 
describe  accurately  the  seat  of  lesions  in  the  membrane. 

Vascular  and  Nervous  Supply  of  the  Membrana  Tympani.— Tlie  arteries  are  arranged  in 
two  sets,  one  on  the  cutaneous  and  another  on  the  mucous  surface.  These  anastomose  by  means 
of  small  branches  which  pierce  the  membrane,  especially  near  its  periphery.  The  first  set  is 
chiefly  derived  from  the  deep  auricular  branch  of  the  internal  maxillaiy,  whilst  those  on  the 
mucous  surface  are  small  and  proceed  from  the  tympanic  branch  of  the  internal  maxillary,  and 
from  the  stylo-mastoid  branch  of  the  posterior  auricular.  The  veins  from  the  cutaneous  surface 
open  into  the  external  jugular ;  those  from  the  inner  surface  partly,  into  the  venous  plexus  on 
the  Eustachian  tube,  and  partly  into  the  lateral  sinus  and  veins  of  the  dura  mater.  The  outer 
surface  of  the  membrane  receives  its  nerves  from  the  auriculo-temporal  branch  of  the  fifth  and 
from  the  auricular  branch  of  the  vagus ;  the  inner  surface,  from  the  nerve  of  Jacobson  (tympanic 
branch  of  the  glosso-pharyngeal).  The  lymphatics,  like  the  blood-vessels,  are  arranged  in  two 
sets,  cutaneous  and  mucous,  which,  however,  communicate  freely  with  each  other.  Kessel  has 
described  as  lymphatics  the  spaces  between  the  branches  of  Gruber's  dendritic  fibres. 

The  inner  wall  of  the  tympanic  cavity  (paries  labyrinthica)  is  formed  by  the 
outer  surface  of  the  internal  ear  or  labyrinth  (Fig.  515).  It  presents — (1)  a  rounded 
eminence,  the  promontory  (promontorium),  which  is  caused  by  the  first  coil  of  the 
cochlea,  and  is  grooved  for  the  tympanic  plexus  of  nerves.  (2)  An  oval  or  some- 
what reniform  opening,  the  fenestra  ovalis  seu  vestibuli.  This  is  situated  above 
and  behind  the  promontory,  and  its  long  axis  is  directed  from  before  backwards. 
It  measures  3  mm.  in  length  and  l^-  mm.  from  above  downwards,  and  lies  at  the 
bottom  of  a  funnel-shaped  recess,  the  fossula  fenestrse  vestibuli.  In  the  macerated 
bone  it  leads  into  the  vestibule  of  the  labyrinth,  but  is  closed  in  the  recent  state 
by  the  foot  of  the  stapes,  surrounded  by  its  ligamentum  annulare.  (3)  An  elevation, 
the  prominentia  canalis  facialis.  Situated  above  the  fenestra  ovalis,  in  the  recessus 
epitympanicus,  this  indicates  the  position  of  the  aqueduct  of  Fallopius,  which  con- 
tains the  facial  nerve  and  is  continued  backwards  and  downwards  behind  the 
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tympanic  cavity,  to  end  at  the  stylo-mastoid  foramen.  (4)  The  processus  cochleari- 
formis,  or  septum  canalis  musculo-tubarii.  This  process  extends  backwards,  above 
the  anterior  end  of  the  fenestra  ovalis,  where  it  makes  a  sharp  outward  curve  and 
forms  a  pulley,  over  which  the  tendon  of  the  tensor  tympani  muscle  plays.  (5)  A 
funnel-shaped  recess,  the  fossula  fenestrse  cochleae,  which  is  situated  behind  and 
below  the  promontory  and  almost  hidden  by  its  overhanging  edge.  It  leads  for- 
wards, upwards,  and  inwards  to  an  irregularly-oval  opening,  termed  the  fenestra 
rotunda  seu  cochlese,  which  in  the  macerated  bone  communicates  with  the  cochlea, 
but  in  the  recent  state  is  closed  by  a  membrane,  the  membrana  tympani  secundaria. 
This  membrane  appears  angularly  bent  along  a  line  joining  its  antero-inferior  two- 
thirds  with  the  postero-superior  third.  It  consists  of  three  layers :  (a)  external, 
continuous  with  the  mucous  lining  of  the  tympanum  and  containing  a  network 
of  capillaries ;  (J)  middle,  or  substantia  propria,  the  fibres  of  which  radiate  chiefly 
towards  the  periphery  of  the  membrane — some  branched,  dendritic  fibres  are  also 
present ;  (c)  internal,  continuous  with  the  epithelial  lining  of  the  labyrinth. 
(6)  Between  the  fenestra  ovalis  above  and  the  fossula  rotunda  below  is  a  small 
circular  depression,  the  sinus  tympani,  perforated  by  one  or  two  minute  foramina 
for  l)lood- vessels,  whilst  immediately  internal  to  it  is  the  ampullated  extremity  of 
the  posterior  semicircular  canal. 

Mastoid  Antrum  and  Mastoid  Air-cells. 

The  mastoid  antrum  (antrum  mastoideum  seu  tympanicum)  is  seen  in  the  tem- 
poral bone  at  birth  as  a  cavity,  having  a  vertical  measurement  of  7-9  mm.  and  a 
transverse  of  9-11  mm.,  and  is  nearly  as  large  in  the  newly-born  child  as  in  the 
adult.  Hoofed  in  by  the  tegmen  tympani,  its  floor  and  inner  wall  are  formed  by 
the  petro-mastoid,  while  externally  it  is  closed  by  the  junction  of  the  thin  outer 
part  of  the  squama  with  the  pars  mastoidea.  At  birth  its  outer  wall  has  a  thick- 
ness of  only  1-2  mm.,  but  by  the  ninth  year  this  has  increased  to  about  10  mm. 
Coincident  with  the  growth  of  the  mastoid  process  the  mastoid  air-cells  are  de- 
veloped downwards  and  backwards  as  diverticula  from  the  antrum,  and  present 
the  greatest  possible  variations  in  different  skulls.  They  may  be  large,  compara- 
tively few  in  number,  and  involve  the  whole  process,  in  which  case  the  compact 
bone  which  surrounds  them  is  extremely  thin  and  the  innermost  cells  are  only 
separated  by  a  transparent  lamella  from  the  lateral  sinus.  In  other  cases  the 
cells  may  be  small  and  numerous,  only  invading  a  portion  of  the  process,  the 
remainder  consisting  of  diploetic  tissue.  No  definite  conclusion  can  be  come  to  as 
to  their  condition  by  external  percussion  or  examination.  A  solid  process  is  occa- 
sionally seen.  The  air-cells  are  not  limited  to  the  mastoid  process,  but  extend 
forwards  over  the  roof  of  the  meatus,  upwards  towards  the  squama,  and  inwards 
towards  the  temporo-occipital  suture,  whilst  in  a  few  cases- they  are  seen  to  invade 
the  j)firs  jugularis  of  the  occipital  bone.  They  are  lined  by  thin  mucous  membrane 
continuous  with  that  of  the  tympanum  ;  the  deep  surface  of  the  mucous  membrane 
is  firmly  fixed  to  the  periosteum,  while  its  free  surface  is  covered  by  a  layer  of 
flattened,  non-ciliated  epithelium. 

Eustachian  Tube. 

The  Eustachian  tube  (tuba  auditiva  Eustachii)  leads  from  the  tympanic  cavity  to 
the  naso-pharynx  and  transmits  air  to  the  former,  in  order  that  the  pressure  on  the 
inner  and  outer  surfaces  of  the  membrana  tympani  may  be  equalised  ;  it  may  also 
serve  to  convey  mucous  secretion  away  from  the  tympanic  cavity.  Its  outer 
extremity,  the  ostium  tympanicum  tubse  auditivse  (Fig.  515),  opens  into  the  anterior 
part  of  the  tympanic  cavity  Ijelow  the  canal  for  the  tensor  r  tympani  muscle. 
Directed  downwards  and  inwards,  the  tube  ends  on  the  upper  part  of  the  naso- 
pharynx by  a  wide  orifice,  the  ostium  pharyngeum  tubae  auditivse  (Fig.  490).  It 
measures  about  an  inch  and  a  half  (36  mm.)  in  length,  and  forms  with  the  hori- 
zontal plane  an  angle  of  30''  to  40^  with  the  sagittal  plane  an  angle  of  about  45°,  and 
with  the  bony  part  of  the  external  meatus  one  of  135°  to  140°.  It  consists  of  two 
portions :  (a)  an  antero-internal,  fibro-cartilaginous  part,  the  pars  cartilaginea  tubse 
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auditivse,  having  a  length  of  about  one  inch ;  and  (b)  a  postero-external,  osseous 
part,  the  pars  ossea  tubae  auditivas,  measuring  half  an  inch  in  length.  The  two 
portions  are  not  in  the  same  plane,  the  cartilaginous  part  inclining  downwards  a 
little  more  than  the  osseous  portion  and  forming,  with  it,  a  wide  angle.  Its 
lumen  is  widest  at  the  ostium  pharyngeum,  narrowest  at  the  junction  of  the  bony 
and  cartilaginous  portions,  forming  here  the  isthmus,  and  again  expanding  towards 
the  tympanic  cavity ;  hence  it  presents,  on  longitudinal  section,  somewhat  the 
appearance  of  an  hour-glass.  The  pars  ossea  occupies  the  angle  between  the 
squamous  and  petrous  parts  of  the  temporal  bone,  and  is  separated  by  the  processus 
cochleariformis  from  the  canal  containing  the  tensor  tympani  muscle,  whilst  imme- 
diately to  its  inner  side  is  the  carotid  canal.  The  pars  cartilaginea  consists 
partly  of  cartilage  and  partly  of  fibrous  membrane.  The  cartilage  (cartilago  tubte 
auditivse)  presents  the  form  of  an  elongated  triangular  plate,  of  which  the  apex  is 
firmly  attached  to  the  inner  end  of  the  pars  ossea,  while  the  base  is  free  and  forms 
a  projection  on  the  upper  and  posterior  aspects  of  the  pharyngeal  orifice.  The 
upper  edge  of  this  cartilaginous  plate  is  bent  outwards  in  the  form  of  a  hook,  and 
so  produces  a  furrow  open  below  and  externally,  the  furrow  being  converted  into 
a  complete  canal  by  the  fibrous  part  of  the  tube.  On  transverse  section  (Fig.  518) 
the  cartilage  presents  two  lamina;,  continuous  with  each  other  superiorly :  (a) 
lamina  medialis,  broad  and  thick ;  and  (&) 
lamina  lateralis,  thin  and  hook-shaped. 
At  the  ostium  pharyngeum  the  lamina 
medialis  forms  the  entire  inner  wall  of  the 
tube,  but  it  gradually  diminishes  in  breadth 
on  approaching  the  isthmus  tubse.  Fissures 
are  often  seen  in  the  cartilage ;  sometimes 
it  is  completely  separated  into  several 
pieces,  or  accessory  islands  may  be  observed 
in  the  roof,  floor,  or  membranous  part. 

The  upper  and  inner  aspects  of  the 
cartilage  are  firmly  fixed  to  the  base  of  the 
skull,  where  it  lies  in  a  groove,  the  sulcus 
tubse  auditivse,  situated  between  the  great 
wing  of  the  sphenoid  and  the  petrous- 
temporal.  Extending  forwards  on  to  the 
root  of  the  pterygoid  process  this  sulcus 
ends  at  a  projection,  the  processus  tubarius, 
on  the  middle  of  the  internal  pterygoid 
plate.  The  tensor  palati  muscle  lies  to 
the  outer  side  of  the  tube  and  receives 
some  fibres  of  origin  from  its  lamina 
lateralis  ;  these  fibres  constitute  the  dilator 
tubae  muscle  of  Rlidinger.  To  the  inner  side  of  the  cartilage  are  found  the  levator 
palati  and  the  mucous  membrane  of  the  pharynx.  The  membranous  part  (lamina 
membranacea)  consists  of  a  strong  fibrous  membrane,  stretching  between  the  two 
edges  of  the  cartilage,  and  so  completing  the  under  and  outer  parts  of  the  canal. 
Thin  above,  it  becomes  thickened  below  and  forms  the  fascia  salpingo-pharyngea 
of  Troltsch,  which  gives  origin  to  some  of  the  fibres  of  the  tensor  palati  muscle. 
Between  this  fascia  and  the  mucous  lining  of  the  tube  is  a  layer  of  adipose  tissue. 

The  pharyngeal  orifice  of  the  Eustachian  tube  (ostium  pharyngeum  tubce),  tri- 
angular or  oval  in  shape,  is  situated  on  the  lateral  wall  of  the  naso-pharynx,  the 
centre  of  the  opening  being  on  a  level  with  the  posterior  end  of  the  inferior  tur- 
binated bone.  It  is  bounded  above  and  behind  by  a  pad  or  cushion  produced  by 
the  inner  end  of  the  cartilage,  which  here  abuts  against  the  mucous  membrane. 
The  posterior  part  of  this  cushion  is  very  prominent  and  forms  the  anterior  boundary 
of  the  fossa  of  Rosenmiiller.  Prolonged  downwards  from  it  is  an  elevation 
of  the  mucous  membrane,  termed  the  plica  salpingo-pharyngea,  whicli  covers  the 
small  salpingo-pharyngeus  muscle.  From  the  upper  part  of  the  cushion  an  indis- 
tinct fold,  the  plica  salpingo-palatina,  extends  to  the  palate. 
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The  mucous  lining  of  the  tube  is  continuous  behind  with  that  of  the  tympanic 
cavity  and  in  front  with  that  of  the  naso-pharynx.  It  is  thin  in  the  pars  ossea, 
contains  few,  if  any,  mucous  glands,  and  is  firmly  fixed  to  the  bony  wall ;  whilst  in 
the  pars  cartilaginea  it  is  loose  and  thrown  into  longitudinal  folds.  Numerous 
mucous  glands  open  into  the  tube  near  its  pharyngeal  orifice,  and  here  also  there 
exists  a  considerable  amount  of  adenoid  tissue,  which  constitutes  the  "  tube-tonsil " 
of  Gerlach.  This  adenoid  tissue  is  continuous  with  that  of  the  naso-pharynx,  and, 
like  it,  is  especially  well  developed  in  children.  The  lumen  of  the  tnhe  is  lined 
with  ciliated  columnar  epithelium. 

The  tube  is  opened,  during  deglutition,  by  the  dilator  tubse  and  salpingo- 
pharyngeus  muscles.  The  former  springs  superiorly  from  the  cartilaginous  hook  of 
the  tube,  and  blends  inferiorly  with  the  tensor  palati.  When  the  dilator  tubfe 
contracts,  the  cartilaginous  hook  and  membranous  part  of  the  tube  are  drawn  out- 
wards and  forwards.  Some  anatomists  are  inclined  to  the  view  that  the  entire 
tensor  palati  acts  chiefly  as  a  dilator  of  the  tube,  and  Elidinger  has  named  it  the 
abductor  tubge.  The  salpingo -pharyngeus  muscle  draws  downwards  and  back- 
wards the  inner  cartilaginous  plate,  increasing  the  angle  between  it  and  the  outer 
plate.  Some  difference  of  opinion  exists  as  to  the  precise  action  of  the  levator 
palati ;  probably  it  assists  in  opening  the  tube. 

The  Eustacliian  tube  receives  its  blood-supply  from  the  ascending  pharyngeal  artery  and 
from  the  middle  meningeal  and  Vidian  branches  of  the  internal  maxillary  artery.  Its  veins 
form  a  network  which  opens  into  the  pterygoid  venous  plexus.  The  sensory  nerves  of  the  tube 
are  derived  from  the  tympanic  2ilexus  and  from  the  pharyngeal  branches  of  the  second  division  of 
the  fifth  cranial  nerve. 

The  tube  of  the  child  diifers  considerably  from  tliat  of  the  adult ;  its  lumen  is  relatively 
wider,  its  direction  more  horizontal,  and  its  pars  ossea  relatively  .shorter.  Kunkel  states  that  its 
j)haryngeal  orifice  is  below  the  level  of  the  hard  palate  in  the  foetus  ;  at  birth  it  is  on  the 
same  level  as  the  palate,  wliilst  at  the  fourth  year  it  is  3  to  4  mm.,  and  in  the  adult  10  mm.,  above 
it.  The  pharyngeal  orifice  forms  a  narrow  fissure  and  its  cartilage  projects  less  towards  the 
middle  line. 


Tympanic  Ossicles. 


The  tympanic  ossicles  (ossicula  auditus)  form  an  articulated  column  connect- 
ing the  outer  with  the  inner  wall  of  the  tympanic  cavity,  and  are  named,  from 
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Fig.  519. — Tympanic  Ossicles  of  Left  Ear  (enlarged  about  three  times). 
A,  Incus,  seen  from  the  front  ;  B,  Malleus,  viewed  from  behind  ;  C,  Incus,  and  D,  Malleus,  seen  from  inner 

aspect  ;  E,  Stapes. 
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3.  Processus  lenticularis. 

4.  Articular  surface  for  incus. 

5.  Head, 
t).  Neclc. 


7.  Processus  brevis. 

8.  Manubrium. 
<■<.  Body. 

10.  Short  process. 

11.  Long  process. 

12.  Processus  longus. 

13.  Head. 


14.  Facet  for  incus. 

15.  Manubrium. 

16.  Head. 

17.  Neck. 

18.  Crus  anterior. 

19.  Crus  posterior. 

20.  Footplate. 


without  inwards,  the  malleus  or  hammer,  the  incus  or  anvil,  and  the  stapes  or 
Stirrup.  The  first  is  attached  to  the  inner  surface  of  the  membrana  tympani ;  the 
last  is  fixed  within  the  circumference  of  the  oval  fenestra. 

The  malleus  (Fig.  519,  B,  D),  the  largest  of  the  three  ossicles,  has  a  length  of  8 
to  9  mm.,  and  consists  of  a  head  (capitulum  mallei),  a  neck  (collum  mallei),  and  a 
handle  (manubrium  mallei),  together  with  two  processes,  viz. :  (a)  processus  longus 
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sen  anterior,  (6)  processus  brevis  seu  lateralis.  The  head  and  neck  are  situated  in 
the  epitympanic  recess ;  the  processus  brevis  and  manubrium  are  fixed  to  the  inner 
surface  of  the  membrana  tympani ;  whilst  the  processus  longus  is  directed  forwards 


Fig.  520. — Left  jMembrana  Tympani  and  Chain  of  Tympanic  Ossicles  (seen  from  inner  aspect).     x  3. 

towards  the  Glaserian  fissure,  to  which,  in  the  adult,  it  is  connected  by  ligamentous 
fibres.  The  head,  somewhat  rounded,  is  smooth  and  convex  above  and  in  front,  and 
presents,  on  its  posterior  aspect,  a  facet  for  articulation  with  the  body  of  the  incus. 
This  facet  is  directed  obliquely  downwards  and  inwards,  and  reaches  slightly  on  to 
its  mesial  surface.  More  or  less  elliptical  in  form,  it  is  constricted  near  the  middle 
so  as  to  resemble,  somewhat,  a  figure  of  8  :  an  oblique  ridge,  corresponding  with  the 
constriction,  divides  the  facet  into  two  parts — an  upper  and  larger,  directed  back- 
wards ;  and  a  lower  and  lesser,  directed  inwards.  Opposite  the  lower  part  of  the 
constriction  the  inferior  edge  of  the  facet  is  very  prominent,  and  is  continued  up- 
wards into  the  oblique  ridge,  just  referred  to  ;  it  forms  a  tooth-like  process,  the  spur 
or  cog-tooth  of  the  malleus.  On  the  back  of  the  head,  below  this  spur,  is  an  oblique 
crest,  the  crista  mallei,  to  which  is  attached  the  posterior  ligament  of  the  malleus. 
The  neck  is  the  slightly-constricted  portion  immediately  below  the  head.  Flattened 
from  before  backwards,  its  outer  surface  is  directed  towards  the  membrana  flaccida, 
whilst  its  inner  is  crossed  by  the  chorda  tympani  nerve.  The  handle  is  directed- 
downwards,  inwards,  and  backwards  from  the  neck,  forming  with  the  long  axis  of 
the  head  an  angle,  opening  inwards,  of  126''  to  150°.  Its  upper  part  is  flattened 
from  before  backwards,  but  towards  the  lower  end  it  is  twisted  on  itself,  so  that  its 
surfaces  look  outwards  and  inwards ;  moreover,  the  lower  end  is  slightly  curved, 
the  concavity  being  directed  forwards  and  outwards.  It  is  fixed,  along  its  entire 
length,  to  the  membrana  propria  of  the  tympanic  membrane  by  its  periosteum  and 
by  a  layer  of  cartilage  (Gruber).  This  latter  intervenes  between  the  handle  and. 
the  membrane,  and  must  be  regarded  as  a  residue  of  that  stage  of  development  when 
the  entire  malleus  was  cartilaginous.  On  the  inner  aspect  of  the  handle,  near  its 
upper  extremity,  a  slight  projection  for  the  attachment  of  the  tendon  of  the  tensor 
tympani  muscle  may  be  seen.  The  long  process  is- a  slender  spicule  springing  from 
the  forepart  of  the  neck  and  directed  forwards  towards  the  Glaserian  fissure.  In 
the  foetus  it  constitutes  the  longest  process  of  the  malleus  and  is  directly  continuous 
with  Meckel's  cartilage.  In  the  adult  it  usually  assumes  the  form  of  a  small  pro- 
jection, since  its  anterior  part  is  represented  merely  by  fibrous  tissue.  The  short 
process  may  be  looked  upon  as  the  upper  extremity  of  the  handle  projected  out- 
wards ;  it  is  fixed  to  the  upper  part  of  the  membrana  tympani  by  the  cartilaginoiis 
layer  already  referred  to,  and  to  the  extremities  of  the  notch  of  Eiviniis  by  the 
anterior  and  posterior  malleolar  folds. 

The  incus  (fig.  519  A,  C)  may  be  best  likened  to  a  bicuspid  tooth,  with  widely 
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divergent  fangs.  It  consists  of  a  body  (corpus  incudis),  a  long  process  (crus  longum), 
and  a  short  process  (crus  breve);  the  two  processes  i'orin  with  each  other  an  angle  of 
90°  to  lOO"".  The  body  and  short  process  are  situated  in  the  epityui panic  recess. 
The  body  presents  a  more  or  less  saddle-shaped  surface  for  articulation  with  the 
head  of  the  malleus.  This  surface  is  directed  forwards,  and  its  lower  part  is 
hollowed  out  for  the  accommodation  of  the  cog-tooth  of  the  malleus.  In  front  of 
this  hollow  it  is  prominent  and  spur-like.  The  short  process  is  thick,  triangular 
in  shape,  and  projects  horizontally  backwards  ;  its  conical  extremity,  covered  with 
cartilage,  articulates  with  the  fossa  iucudis  in  the  postero-inferior  part  of  the 
epitympauic  recess.  The  long  process  projects,  almost  perpendicularly,  downwards 
from  the  body  into  the  tympanic  cavity,  where  it  lies  parallel  with,  but  1^  mm. 
behind  and  internal  to,  the  handle  of  the  malleus.  Its  lower  end  is  bent  inwards 
and  narrowed  to  form  a  short  neck,  on  the  inner  extremity  of  which  is  a  small  knob 
of  bone,  the  processus  lenticularis,  for  articulation  with  the  head  of  the  stapes. 
Until  the  sixth  mouth  of  fcetal  life,  this  process  exists  as  a  separate  ossicle,  termed 
the  OS  orbiculare. 

The  stapes  (Fig.  519,  E)  presents  a  head  (capitulum  stapedis),  a  neck  (collum 
stapedis),  two  crura  (crus  anterius  et  postering),  and  a  base  or  footplate  (basis 
stapedis).  The  head,  directed  outwards,  is  concave  externally,  for  articulation 
with  the  processus  lenticularis  of  the  incus.  The  neck  is  the  slightly  constricted 
part  immediately  internal  to  the  head,  and  from  it  tlie  two  crura  spring;  the 
tendon  of  the  stapedius  muscle  is  inserted  into  the  posterior  aspect  of  the  neck.  The 
anterior  crus  is  sliorter  and  less  curved  than  the  posterior.  Diverging  from  each 
other,  the  crura  are  directed  inwards  and  are  attached — one  near  the  anterior,  the 
other  near  the  posterior  end  of  the  footplate.  The  footplate  almost  completely 
fills  the  oval  fenestra,  and,  like  it,  is  somewhat  oval  or  reniform,  its  anterior  end 
being  the  more  pointed.  In  the  recent  condition  a  membrane  fills  the  arch  formed 
by  the  crura  and  the  footplate,  the  crura  being  grooved  for  its  reception.  In  the 
child  the  crura  of  the  stapes  are  less  curved  than  in  the  adult,  and  the  opening 
bounded  by  them  and  the  footplate  is  nearly  triangular. 

Articulations  of  the  Tympanic  Ossicles. — The  joint  between  the  head  of  the 
malleus  and  the  body  of  the  iucus  (articulatio  incudomalleolaris)  is  diarthrodial, 
and  naay  be  described  as  one  of  reciprocal  reception.  It  is  surrounded  by  a  capsular 
ligament,  from  the  inner  surface  of  which  a  wedge-shaped  meniscus  projects  into  the 
joint  cavity  and  incompletely  divides  it.  The  articulation  of  the  processus  lenti- 
cularis and  the  capitulum  stapedis  (articulatio  incudostapedia)  is  of  the  natui'e  of 
an  enarthrosis  and  is  surrounded  l)y  a  capsular  ligament.  An  interarticular  carti- 
lage has  been  described  as  occurring  in  this  joint,  while  some  observers  deny  the 
presence  of  a  synovial  cavity  and  regard  the  articulation  as  a  syndesmosis,  the 
articular  surfaces  being  held  together  merely  by  fibrous  tissue. 

Ligaments  binding  the  Ossicles  to  the  Walls  of  the  Tympanic  Cavity  (lig. 
ossiculorum  auditus). — The  malleus  is  attached  to  the  walls  of  the  tympanum  by 
three  ligaments  (Fig.  520),  viz.  anterior,  superior,  and  external  The  anterior  liga- 
ment (lig.  mallei  anterius)  consists  of  two  portions :  (a)  the  baiid  of  Meckel,  which  is 
attached  to  the  base  of  the  processus  longus  and  passes  forwards  through  the 
Grlaserian  fissure  to  reach  the  spine  of  the  sphenoid ;  it  was  formerly  described  as 
the  laxator  tympani  muscle  :  (h)  a  firm  bundle  of  fibres,  the  lig.  mallei  anterius  of 
HelmhoUz,  which  extends  from  the  anterior  boundary  of  the  notch  of  Eivinus  to  the 
anterior  aspect  of  the  malleus,  above  the  base  of  the  processus  longus.  The  superior 
ligament  (lig.  mallei  superius)  extends,  almost  vertically,  from  the  head  of  the 
malleus  to  the  roof  of  the  epitympanic  recess.  The  external  Hgament  (lig.  mallei 
laterale)  is  short  and  fan-shaped ;  its  fibres  converge  Irom  the  posterior  half  of 
the  notch  of  Eivinus  to  the  crista  mallei.  The  posterior  part  of  this  liga- 
ment is  strong  and  constitutes  the  li(/amentum  mallei  posticum  of  HelmhoUz.  It 
forms,  together  with  the  ligamentum  mallei  anterius,  the  axis  around  which  the 
malleus  rotates,  and  the  two  constitute  what  Helmholtz  has  termed  the  "axis-liga- 
ment "  of  the  malleus. 

The  posterior  extremity  of  the  crus  breve  of  the  iucus  is  tipped  with  cartilage 
and  fixed  by  means  of  a  ligament,  the  ligamentum  incudis  posterius  (Fig.  520),  to  the 
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fossa  inciidis.  Some  observers  describe  this  as  a  diarthrodial  joint.  A  superior 
ligament,  the  ligamentum  incudis  superius,  is  sometimes  present,  but  consists  mainly 
of  a  fold  of  mucous  membrane.  The  vestibular  surface,  and  also  the  circumference 
of  the  foot  of  the  stapes,  are  covered  by  hyaline  cartilage,  and  a  similar  layer  lines 
the  opening  of  the  fenestra  ovalis ;  that  encircling  the  base  of  the  stapes  is  joined 
to  that  which  lines  the  fenestra  by  a  dense  ring  of  elastic  fibres,  named  the 
ligamentum  annulare  baseos  stapedis.  The  posterior  fibres  of  this  annular  ligament 
are  thicker  and  shorter  than  the  anterior,  and  thus  the  anterior  end  of  the  foot- 
plate is  free  to  make  greater  excursions,  during  the  movements  of  the  bone,  than 
the  posterior. 

Development  of  the  Tympanic  Ossicles. — The  malleus  and  incus  are  developed 
from  the  upper  end  of  Meckel's  cartilage  (see  p.  711).  The  staj)es  arises  from  the  meso- 
blast  in  the  region  of  the  fenestra  ovalis  and  is  developed  around  a  small  artery,  the 
stapedial  artery,  which  becomes  atrophied  in  man,  but  persists  in  many  mammals. 

Muscles  of  the  Tympanic  Cavity. — These  are  two  in  number,  viz.  m.  tensor 
tympaui  and  m.  stapedius. 

The  m.  tensor  tympani  is  the  larger,  and  takes  origin  from  the  roof  of  the  cartila- 
ginous part  of  the  Eustachian  tube  and  from  the  adjacent  part  of  the  great  wing  of 
the  sphenoid.  It  also  receives  some  fibres  from  the  bony  canal  in  which  it  lies,  and 
ends  in  a  tendon  which  bends  outwards,  nearly  at  a  right  angle  to  the  belly  of  the 
muscle,  round  the  pulley-like,  posterior  extremity  of  the  processus  cochleariformis. 
Passing  across  the  cavity  of  the  tympanum,  this  tendon  is  inserted  into  the 
inner  edge  and  anterior  surface  of  the  manubrium  mallei,  near  its  upper  end. 
When  the  muscle  contracts  it  draws  inwards  the  handle  of  the  malleus,  and 
so  renders  tense  the  membrana  tympani;  it  probably  also  slightly  rotates  the  malleus 
around  its  long  axis.  It  receives  its  nerve  from  the  motor  division  of  the  fifth 
cranial  nerve  through  the  otic  ganglion. 

The  m.  stapedius  arises  within  the  pyramid,  and  from  the  canal  which  prolongs 
the  hollow  of  the  pyramid  downwards.  Its  tendon  emerges  from  the  apex  of  the 
pyramid  and  is  inserted  into  the  posterior  surface  of  the  neck  of  the  stapes. 
On  contraction  it  draws  back  the  head  of  the  stapes,  and  so  tilts  the  anterior  end 
of  the  footplate  outwards  towards  the  tympanic  cavity  and  the  posterior  end 
inwards  towards  the  labyrinth,  thus  rendermg  tense  the  ligamentum  annulare — the 
outward  movement  of  the  anterior  end  of  the  footplate  being  greater  than  the 
inward  movement  of  its  posterior  end.    The  muscle  is  supplied  by  the  facial  nerve. 

Movements  of  the  Tympanic  Ossicles. — Tlie  manubrium  mallei  follows  all  the 
movements  of  the  membrana  tympani,  while  the  malleus  and  incus  move  together  around 
an  axis  extending  forwards  througli  the  short  process  of  the  incus  and  the  anterior 
ligament  of  the  malleus.  When  the  membrana  tympani  moves  inwards  it  carries  with  it 
the  handle  of  the  malleus,  and  the  incus,  moving  inwards  at  the  same  time,  forces  the  foot 
of  the  stapes  towards  the  labyrinth.  This  inward  movement  is  communicated  to  the  fluid 
(perilymph)  in  the  labyrinth  and  causes  an  outward  bulging  of  the  secondary  tympanic 
membrane,  closing  the  fenestra  rotunda.  These  movements  are  reversed  when  the 
membrana  tympani  is  relaxed,  unless  the  outward  movement  of  the  membrane  be  excessive. 
In  such  a  condition  the  incus  does  not  follow  the  full  outward  movement  of  the  malleus, 
but  merely  glides  on  this  bone  at  the  incudo  -  malleolar  joint,  and  thus  the  forcible 
dragging  of  the  foot  of  the  stapes  out  of  the  fenestra  ovalis  is  prevented.  The  cog-tooth 
arrangement,  already  described,  on  the  head  of  the  malleus  and  body  of  the  incus,  causes 
the  iucudo-malleolar  joint  to  become  locked  during  tlie  inward  movements  of  the  handle 
of  the  malleus,  the  joint  becoming  unlocked  during  its  outward  movements. 

Mucous  Lining  of  the  Tympanic  Cavity  (tunica  mucosa  tympanica). — This  is 
continuous,  through  the  Eustachian  tube,  with  that  of  the  naso-pharynx ;  it  also 
extends  backwards  and  lines  the  mastoid  antrum  and  air-cells.  Thin,  transparent 
and  closely  united  with  the  subjacent  periosteum,  it  covers  the  inner  aspect  of  the 
membrana  tympani  and  is  reflected  over  the  ossicles  and  their  ligaments.  It  also 
supplies  sheaths  for  the  tendons  of  the  tensor  tympani  and  stapedius  muscles,  and 
forms  the  following  mucous  folds,  viz. :  (a)  one  from  the  roof  of  the  epitympanic 
recess  to  the  head  of  the  malleus  and  body  of  the  incus ;  (6)  one  enveloping  the 
chorda  tympani  nerve  and  long  process  of  the  incus ;  (c)  two  extending  from  the 
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«hort  process  of  the  malleus — one  to  the  anterior,  the  other  to  the  posterior  margin 
of  the  notch  of  Riviuus.  A  recess,  the  pouch  of  Prussak,  is  situated  between  the 
membrana  liaccida  and  the  neck  of  the  malleus.  Communicating  behind  with  the 
tympanic  cavity,  this  pouch  may  serve  as  a  reservoir  to  confine  pus  or  other  fluid, 
since  its  opening  into  the  tympanum  is  above  the  level  of  its  floor,  a  condition 
analogous  to  the  opening  from  the  antriim  of  Highmore  into  the  nasal  cavity.  Tlie 
fold  of  mucous  membrane  which  extends  downwards  to  envelop  the  chorda  tyrapani 
nerve  gives  rise  to  two  pouches,  one  in  front  of,  and  the  other  behind,  the  handle 
of  the  malleus ;  these  are  named  the  anterior  and  posterior  recesses  of  Troltsch. 
The  epithelium  which  lines  the  mucous  membrane  is  flattened  over  the  membrana 
tympani,  promontory  and  ossicles,  but  ciliated  and  columnar  over  the  greater 
portion  of  the  rest  of  the  cavity. 

Vessels  and  Nerves  of  the  Tympanic  Cavity.  The  arteries  whicli  supply  tlie  tympanic 
cavity  are  :  (1)  The  tympanic  artery,  a  branch  of  internal  maxillary,  which  reaches  the  cavity  l)y 
way  of  the  Glaserian  fissure.  (2)  The  stylo-mastoid  hrancli  of  posterior  auricular,  which  passes 
tliroTigh  the  stylo-mastoid  foramen  and  aqueduct  of  Fallopius  ;  it  supplies  branches  to  the  mastoid 
antrum  and  air-cells,  to  the  stapedius  muscle,  to  the  floor  and  inner  wall  of  the  tympanic  cavity, 
and  forms  an  anastomotic  circle,  around  the  membrana  tympani,  with  the  tympanic  artery.  (3) 
The  middle  meningeal  artery  sends  a  branch  to  the  tensor  tympani  muscle,  and,  after  entering 
the  skull,  gives  off  its  petrosal  artery,  which  is  conducted  to  the  tjaniianum  along  the  hiatus 
Fallopii ;  some  twigs  from  the  posterior  division  of  the  middle  meningeal  reach  the  antrum  and 
ef)itympanic  recess  through  the  petro-squamous  fissure.  (4)  The  internal  carotid  artery,  in  its 
passage  through  the  canal  in  the  temporal  bone,  gives  off  one  or  two  tympanic  twigs,  while  (5)  a 
branch  from  the  ascending  pharyngeal  accompanies  the  nerA-e  of  Jacobson.  The  veins  drain  their 
contents  into  the  jiterygoid  j)lex\is,  the  middle  meningeal  vein,  and  superior  petrosal  sinus.  The 
nerves  which  supjjly  the  muscles  of  tlie  tympanic  cavity  have  already  been  referred  to  {p.  713). 
The  mucous  membrane  receives  its  nerves  from  the  tympanic  plexus,  which  is  descriljed  on  p.  648. 
The  chorda  tymjiani  bi'anch  of  the  facial  nerve  jiasses  from  Ixdiind  forwards  through  the  tympanic 
cavity. 

Early  condition  of  Tympanic  Cavity.— During  the  greater  part  of  intrauterine  existence 
the  tymjianic  cavity  is  almost  completely  filled  by  a  soft,  reddish,  jelly-like  embryonic  tissue. 
The  narrow,  slit-like  space  is  lined  by  epithelium,  which  is  ciliated  over  the  promontory,  but 
squamous  elsewhere.  Towards  the  end  of  fcetal  life,  the  gelatinous  tissue  becomes  thinned  and 
the  cavity  correspondinglj'  enlarged.  At  liirth  it  is  filled  with  fluid  whicli  becomes  absorbed, 
coincident  with  tlie  passage  of  air  fronr  the  naso-pharynx,  through  the  Eustachian  tube. 


INTERNAL  EAR. 


The  innermost,  and,  at  the  same  time,  the  essential  part  of  the  organ  of  hearing 
is  situated  in  the  substance  of  the  petrous-temporal  bone,  and  consists  of  two  sets 
of  structures,  viz. :  (1)  a  series  of  cavities  hollowed  out  of  the  bone  and  constituting 
the  bony  labyrinth  (labyrinthus  osseus) ;  these  cavities  are  continuous  with  each 
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-Interioe  of  Left  Bony  Labyrinth 
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other,  and  are  named  from  before  backwards  the  cochlea,  vestibule,  and  semicircular 
canals  (Figs.  521,  522) ;  (2)  a  complex  arrangement  of  membranous  channels  (Fig. 
524),  situated  within,  but  not  nearly  filling,  the  bony  labyrinth  and  forming  the 
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membranous  labyrinth  (labyrinthus  membranaceus).  These  chaunels  are  named  the 
ductus  cochlearis,  utricle,  saccule,  and  membranous  semicircular  canals ;  the  utricle 
and  saccule  are  lodged  within  tlie  bony  vestibule. 

OSSEOUS  LABYEINTH. 

Vestibule. — The  vestil)ule  forms  the  central  portion  of  the  osseous  labyrinth,  and 
communicates  behind  with  the  semicircular  canals  and  in  front  with  the  cochlea.  It 
is  somewhat  ovoid  in  shape,  its  long  axis  being  directed  forwards  and  outwards.  It 
measures  about  6  mm.  antero-posteriorly,  4-5  mm.  from  roof  to  floor,  and  about  3  mm. 
from  without  inwards.  Its  outer  wall  is  directed  towards  the  tympanic  cavity,  and 
in  it  is  seen  the  fenestra  ovalis,  which,  in  the  recent  state,  is  closed  by  the  foot  of 
the  stapes.  Its  inner  wall  corresponds  with  the  bottom  of  the  internal  auditory 
meatus  and  presents,  at  its  an tero- inferior  part,  a  rounded  depression,  the  recessus 
sphsericus,  which  lodges  the  saccule.  This  recess  is  perforated  by  some  twelve  or 
fifteen  small  foramina,  which  constitute  the  macula  cribrosa  media  and  transmit  the 
filaments  of  the  auditory  nerve  for  the  supply  of  the  saccule.  The  recessus 
sphaericus  is  limited  above  and  behind  by  an  oblique  ridge,  the  crista  vestibuli,  the 
anterior  extremity  of  wliich  is  triangular  in  shape  and  named  the  pyramid  (pyramis 
vestibuli).  Posteriorly,  this  crista  divides  into  two  limbs,  between  which  is  a  small 
depression,  the  recessus  cochlearis  of  Eeichert,  perforated  by  some  eight  small  fora- 
mina, which  give  passage  to  the  nervous  filaments  for  the  supply  of  the  posterior 
extremity  of  the  ductus  cochlearis.  Above  and  behind  the  crista  vestibuli,  in  the 
roof  and  inner  wall  of  the  vestibule,  is  an  oval  depression,  the  recessus  ellipticus, 
which  lodges  the  utricle.  The  pyramid  and  adjacent  part  of  the  recessus  ellipticus 
are  perforated  by  some  25  -  30  small  apertures,  which  constitute  the  macula 
cribrosa  superior  seu  major.  The  foramina  in  the  pyramid  transmit  the  nerves  to 
the  utricle ;  those  in  the  recessus,  the  nerves  to  the  ampullary  ends  of  the  superior 
and  external  semicircular  canals.  Behind  and  below  the  recessus  ellipticus  is  a 
furrow,  gradually  deepening  ito  form  a  canal,  the  actueductus  vestibuli,  which  passes 
backwax'ds  through  the  petrous  bone  and  opens,  as  a  slit-like  fissure,  about  midway 
between  the  internal  auditory  meatus  and  the  groove  for  the  lateral  sinus.  This 
aqueduct  measures  8-10  mm.  in  length  and  gives  passage  to  the  ductus  endo- 
lymphaticus  and  a  small  vein.  The  posterior  part  of  the  vestibule  receives  the 
five  rounded  apertures  of  the  bony  semicircular  canals ;  its  anterior  part  leads,  by 
an  elliptical  opening,  into  the  scala  vestibuli  of  the  cochlea.  This  opening  is 
bounded  inferiorly  by  a  thin  osseous  lamella,  the  lamina  spiralis  ossea,  which 
springs  from  the  floor  of  the  vestibule  immediately  to  the  outer  side  of  the  recessus 
sphsericus,  and  forms,  in  the  cochlea,  the  bony  part  of  the  septum  between  the  scala 
tympani  below  and  the  scala  vestibuli  above.  From  the  anterior  part  of  the  floor 
of  the  vestibule  a  narrow  cleft,  the  fissura  vestibuli,  extends  forwards  into  the  bony 
canal  of  the  cochlea.  It  is  bounded  internally  by  the  lamina  spiralis  ossea,  just 
referred  to,  and  externally  by  a  second,  smaller  lamina,  the  lamina  spiralis 
secundaria,  which  projects  inwards  from  the  outer  wall  of  the  cochlea.  These  two 
lamina  are  continuous  with  each  other  around  the  posterior  extremity  of  the 
fissure. 

Semicircular  Canals  (canales  semicirculares  ossei). — The  semicircular  canals 
(Figs.  521,  522),  three  in  number,  are  situated  above  and  behind  the  vestibule. 
They  are  distinguished  from  each  other  by  their  position,  and  ai'e  named  superior, 
posterior,  and  external.  They  open  into  the  vestibule  by  five  apertures,  since  the 
inner  extremity  of  the  superior  and  the  upper  extremity  of  the  posterior  join  to 
form  a  common  canal  or  crus  commune.  Differing  slightly  in  length,  each  forms 
about  two-thirds  of  a  circle,  one  extremity  of  which  is  dilated  and  termed  the 
ampulla  (ampulla  ossea).  Somewhat  compressed  laterally,  their  greatest  internal 
diameter  is  from  1  to  1-5  mm.,  whilst  the  diameter  of  the  ampulla  is  about  2  mm. 

The  superior  semicircular  canal  (canalis  semicircularis  superior),  15-20  mm.  in 
length,  is  vertical  and  placed  transversely  to  the  long  axis  of  the  petrous  bone. 
Its  convexity  is  directed  upwards,  and  its  position  is  indicated  on  the  anterior  sur- 
face of  the  petrous-temporal  by  an  eminence.    Its  ampullated  end  (ampulla  ossea 
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superior)  is  anterior  and  external,  and  opens  into  the  vestiljule  immediately  above 
that  of  the  external  canal.  Its  opposite  extremity  joins  tlie  non-ampuUated  end 
of  the  posterior  canal  to  form  the  crus  commune,  which  is  about  4  mm.  in  length 
and  opens  into  the  upper  and  inner  part  of  the  vestibule.  The  posterior  semicircular 
canal  (canalis  semicircularis  posterior)  is  the  longest  of  the  three  and  measures  from 
18-22  mm.  Its  ampullary  end  (ampulla  ossea  posterior)  is  placed  inferiorly  and 
opens  into  tlie  lower  and  back  part  of  the  vestibule,  where  may  be  seen  some 
six  or  eight  small  apertures,  forming  the  macula  cribrosa  inferior,  for  the  trans- 
mission of  the  nerves  to  this  ampulla.  Its  upper  extremity  ends  in  the  crus  commune. 
The  external  canal  (canalis  semicircularis  lateralis)  is  the  shortest.  It  measures 
from  12-15  mm.  and  arches  nearly  horizontally  outwards.  Of  its  two  extremities 
the  external  is  ampuUated  (ampulla  ossea  lateralis),  and  opens  into  the  vestibule 
immediately  above  the  fenestra  ovalis  and  in  close  relationship  to  the  ampullary 
end  of  the  superior  canal. 

Although  the  three  canals  are  generally  regarded  as  opening  into  the  vestiliule  by  five  orifices, 
some  observers  incline  to  the  view  that  the  ampullary  ends  of  the  superior  and  external  canals 
form  a  common  orifice,  and  that,  consequently,  there  are  only  four  opeiungs  for  the  three  canals. 

Cochlea.^ — When  freed  from  its  surroundings  the  cochlea  assumes  the  form  of 
a  short  cone  (Fig.  52?)) ;  the  central  part  of  its  base  (basis  cochlear)  corresponds 
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Fig.  523. — Section  of  Bony  Cochlka. 

with  tlie  bottom  of  the  internal  auditory  meatus,  whilst  its  apex  or  cupola 
is  directed  forv/ards  and  outwards,  and  comes  into  close  relation  with  the  canal  for 
the  tensor  tympani  muscle.  It  measures  al^out  9  mm.  across  the  base  and  about 
5  mm.  from  base  to  apex,  and  consists  of  a  spirally-arranged  tube,  which  forms  from 
2|  to  2|  coils  around  a  central  pillar  termed  the  modiolus.  The  length  of  the  tube  is 
from  28  to  30  mm.,  and  its  diameter,  near  the  base  of  the  cochlea,  2  mm.  Its  coils 
are  distinguislied  by  the  terms  basal,  central,  and  apical ;  the  first,  or  basal  coil, 
gives  rise  to  the  promontory  on  the  inner  wall  of  the  tympanum. 

The  modiolus  is  about  3  mm.  in  height  and  diminishes  rapidly  in  diameter  from 
base  to  apex,  while  its  tapered  extremity  fails  to  reach  the  cupola  by  a  distance  of 
1  mm.  Its  base  (basis  modioli)  corresponds  with  the  area  cochleae  on  the  fundus 
of  the  internal  auditory  meatus  and  exhibits  the  tractus  spiralis  foraminosus,  whicli 
transmits  the  nerves  for  the  basal  and  central  coils  of  the  cochlea  and  the  foramen 
centrale,  which  gives  passage  to  the  nerves  for  the  apical  coil.  The  foramina  of  the 
tractus  spiralis  foraminosus  traverse  the  modiolus,  at  first  parallel  to  its  long  axis, 
but,  after  a  varying  distance,  they  bend  outwards  to  reach  the  attached  edge  of  the 
lamina  spiralis  ossea,  where  they  become  expanded  and  form  by  their  apposition  a 
spiral  canal,  the  canalis  spiralis  modioli  of  Rosenthal,  which  lodges  the  ganglion  of 
Corti,  or  ganglion  spirale  cochleae.  From  this  spiral  canal  numerous  small  foramina, 
for  the  transmission  of  vessels  and  nerves,  pass  outwards  to  the  free  edge  of  the 
lamina  spiralis.    The  lamina  spiralis  ossea,  a  thin.  Hat  shelf  of  bone,  winds  round  the 

'  In  the  following  description  the  cochlea  is  supposed  to  be  placed  on  its  base. 
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modiolus  like  the  thread  of  a  screw,  and,  projecting  about  halfway  into  the  cochlear 
tube,  incompletely  divides  it  into  two  passages,  of  which  the  upper  is  named  the 
scala  vestibuli ;  the  lower,  the  scala  tympani.  The  lamina  spirahs  ossea  commences 
at  the  floor  of  the  vestibule,  near  the  fenestra  rotunda,  and  ends  close  to  the  apex 
of  the  cochlea  in  a  sickle-shaped  process,  the  hamulus,  which  assists  to  form  an 
aperture  named  the  helicotrema.  In  the  basil  coil  the  upper  surface  of  the  spiral 
lamina  forms  almost  a  right  angle  with  the  modiolus,  but  the  angle  becomes  more 
and  more  acute  on  ascending  the  tube.  In  the  lower  half  of  the  basil  coil  a  second 
smaller  bony  plate,  the  lamina  spiralis  secundaria,  projects  inwards  from  the  outer 
wall  of  the  cochlea  towards  the  lamina  spiralis  ossea,  without,  however,  reaching  it. 
If  viewed  from  the  vestibule  the  slit-like  fissura  vestibuli,  already  referred  to 
(p.  715),  is  seen  between  the  two  osseous  spiral  laminte.  A  membrane,  the  mem- 
brana  basilaris,  stretches  from  the  free  edge  of  the  lamina  spiralis  ossea  to  the  outer 
wall  of  the  cochlea  and  completes  the  septum  between  the  scala  vestibuli  and 
scala  tympani,  but  the  two  scahe  communicate  with  each  other  through  the 
opening  of  the  helicotrema  at  the  apex  of  the  cochlea.  The  scala  tympani  begins 
at  the  fenestra  rotunda,  through  which,  in  the  macerated  bone,  it  communicates 
with  the  tympanic  cavity ;  in  the  recent  condition  the  fenestra  is  closed  by  the 
secondary  tympanic  membrane  {vide  p.  708).  At  the  commencement  of  the  scala 
tympani  a  crest,  termed  the  crista  semilunaris,  stretches  from  the  attached  margin 
of  the  lamina  spiralis  ossea  towards  the  orifice  of  the  fenestra  rotunda.  Close  to  this 
crest  is  seen  the  inner  orifice  of  the  ac[ueductus  cochleae,  a  canal  measuring  from  10  to 
12  mm.  in  length  and  opening  on  the  under  aspect  of  the  petrous  bone  internal  to 
the  fossa  jugularis.  Through  it  there  is  established  a  communication  between  the 
scala  tympani  and  the  subarachnoid  space,  and  through  it,  also,  a  small  vein  passes 
to  join  the  inferior  petrosal  sinus.  The  scala  vestibuli,  the  higher  of  the  two  pas- 
sages, begins  in  the  vestibule ;  its  diameter  in  the  basal  coil  is  less  than  that  of  the 
scala  tympani,  but  in  the  upper  coils  it  exceeds  that  of  the  latter. 

From  what  has  been  stated,  it  will  be  evident  that  an  injection  thrown  into  the 
scala  vestibuli  will  travel  through  the  helicotrema,  and  then  down  the  scala 
tympani  as  far  as  the  secondary  tympanic  membrane,  and  will  also  pass  along  the 
aqueductus  cochleje  into  the  subarachnoid  space. 

Internal  Auditory  Meatus. — It  is  convenient,  at  this  stage,  to  study  the 
fundus  of  the  internal  auditory  meatus,  which  has  been  referred  to  as  forming  the 
inner  wall  of  the  vestibule  and  the  base  of  the  modiolus.  It  is  divided  by  a  trans- 
verse ridge,  the  crista  transversa,  into  two  parts — an  upper  or  fossula  superior  and  a 
lower  or  fossula  inferior.  The  anterior  part  of  the  fossula  superior  is  termed  the 
area  facialis  and  exhibits  a  single  large  opening,  the  commencement  of  the  aque- 
duct of  Fallopius,  for  the  transmission  of  the  facial  nerve.  Its  posterior  part  is 
named  the  area  vestibularis  superior  and  is  perforated  by  the  nerves  for  utricle  and 
ampullae  of  the  superior  and  external  semicircular  canals.  The  anterior  part  of 
the  fossula  inferior  is  termed  the  area  cochleae  and  consists  of  the  canalis  cen- 
tralis and  the  surrounding  tractus  spiralis  foraminosus,  for  the  passage  of  the  nerves 
to  the  cochlea.  Behind  the  area  cochlese,  and  separated  from  it  by  a  ridge,  is  the 
area  vestibularis  inferior,  which  transmits  the  nerves  to  the  saccule,  whilst  at  the 
posterior  part  of  the  fossula  inferior  is  seen  a  single  foramen,  the  foramen  singulare, 
which  gives  passage  to  the  nerves  for  the  ampulla  of  the  posterior  semicircular 
canal. 

MEMBRANOUS  LABYRINTH. 

The  membranous  labyrinth  (labyrinthus  membranaceus)  assumes,  more  or  less 
closely  (Fig.  524),  the  form  of  the  bony  labyrinth  in  which  it  is  situated,  but  does 
not  nearly  fill  it.  It  contains  a  fluid  termed  endolymph,  while  the  space  between 
it  and  the  bony  labyrinth  is  occupied  by  a  fluid  termed  perilymph.  The  mem- 
branous semicircular  canals  and  the  membranous  canal  of  the  cochlea  follow  the 
course  of  their  bony  tubes  and  lie  along  the  inner  aspect  of  their  outer  walls.  The 
bony  vestibule,  on  the  other  hand,  contains  two  chief  membranous  structures,  the 
utricle  and  saccule.  The  former  receives  the  extremities  of  the  membranous  semi- 
circular canals,  whilst  the  latter  communicates  with  the  membranous  canal  of  the 
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cochlea.  Moreover,  the  cavities  of  tiie  utricle  and  saccule  are  indirectly  connected, 
and  thus  all  parts  of  tlie  membranous  labyrinth  communicate  with  each  other,  and 
the  contained  endolymph  is  free  to  move  from  one  portion  to  anoth'er.  The  vesti- 
bule, also,  contains  the 
ductus  endolymphaticus 
and  the  commencement  of 
the  ductus  cochlearis. 

The  utricle  (utriculus), 
the  larger  of  the  two  sacs 
(Fig.  524),  occupies  the  pos- 
tero-superior  portion  of  the 
bony  vestibule.  Its  highest 
part,  or  recessus  utriculi, 
lies  in  the  recessus  ellipticus 
and  receives  the  ampulla'  of 
the  superior  and  external 
membranous  semicircular  canals.  Its  central  part  receives  on  its  lateral  aspect  the 
uou-ampullated  end  of  the  external  canal,  and  is  prolonged  upwards  and  backwards 
as  the  sinus  superior,  into  which  the  crus  commune  of  the  superior  and  posterior 
canals  open.  The  ampulla  of  the  posterior  canal  opens  into  its  lower  and  inner  part, 
or  sinus  inferior.  The  Hoor  and  anterior  wall  of  the  recessus  utriculi  are  thickened 
to  form  the  macula  acustica  utriculi,  to  which  are  distributed  the  utricular  fibres 
of  the  auditory  nerve.  Whitish  in  colour,  and  of  an  oval  or  nearly  rhombic  sliape, 
this  macula  measures  3  mm.  in  length  and  2";)  mm.  in  its  greatest  breadth. 

The  saccule  (sacculus)  occupies  the  recessus  sphairicus,  in  the  lower  and  fore- 
part of  the  vestibule  (Fig.  522).  Smaller  than  the  utricle,  it  is  of  an  oval  shape 
and  measures  .")  mm.  in  its  longest,  rind  about  2  mm.  in  its  shortest  diameter.  It 
presents  anteriorly  an  oval,  whitish  thickening,  the  macula  acustica  sacculi.  This  has 
a  breadth  of  about  1'5  mm.,  and  to  it  are  distributed  the  saccular  fibres  of  the  audi- 
tory nerve.  The  superior  extremity  of  the  saccule  is  directed  upwards  and  back- 
wards, and  forms  the  sinus  utricularis  sacculi,  which  abuts  against,  but  does  not  fuse 
with,  the  wall  of  the  utricle.  From  the  lower  ])art  of  the  saccule  a  short  canal, 
the  ductus  reuniens  of  Hensen,  opens  into  the  ductus  cochlearis,  a  short  distance 
in  front  of  its  vestibular  or  blind  extremity.  A  second  small  channel,  the  ductus 
endolymphaticus,  is  continued  from  the  posterior  part  of  the  saccule,  and,  passing 
between  the  utricle  and  the  inner  wall  of  the  \'estibule,  is'  joined  by  a  small  canal, 
the  ductus  utriculosaccularis,  which  arises  from  the  inner  aspect  of  the  utricle.  It 
then  enters  and  traverses  the  aqueductus  vestibuli  and  ends,  under  the  dura  mater 
on  the  posterior  surface  of  the  petrous  bone,  in  a  blind  extremity,  termed  the  saccus 
endolymphaticus ;  this,  according  to  Eiidinger,  is  perforated  by  minute  foramina,- 
through  which  the  endolymph  may  pass  into  the  meningeal  lymphatics. 

The  vestibule  also  contains  the  blind  extremity  (cajcum  vestibulare)  of  the 
ductus  cochlearis,  which  lies  immediately  below  the  saccule  in  the  recessus  coch- 
learis of  Keicliert ;  from  here  it  passes  forwards  in^o  the  spiral  tube  of  the  cochlea. 

The  walls  of  the  utricle  and  saccule  are  composed  of  connective  tissue  which 
blends,  along  their  attached  surfaces,  with  the  periosteal  lining  of  the  vestibule.  It 
is  modified  internally  to  form  a  homogeneous  membrana  propria,  which  is  covered 
by  a  layer  of  pavement  epithelium  and  is  thickened  at  the  maculse  acusticce. 
Towards  the  periphery  of  the  macuUe  the  epithelium  is  cubical,  while  on  them 
it  is  columnar. 

The  structure  of  the  maculae  in  the  utricle  'and  saccule  is  practically  the  same  ; 
two  kinds  of  cells  are  found,  viz.  (a)  supporting  cells,  and  (&)  hair  cells.  The  sup- 
porting cells  are  somewhat  fusiform,  each  containing,  near  its  middle,  a  nucleus. 
Their  branched,  deep  extremities  are  attached  to  the  membrana  propria ;  their  free 
ends  lie  between  the  hair  cells  and  form  a  thin  inner  limiting  cuticle.  The  hair 
cells  are  Hask- shaped  and  do  not  reach  the  membrana  propria,  but  end  in  rounded 
extremities  which  lie  between  the  supporting  cells.  Each  contains,  at  its  deepest 
part,  a  large  nucleus,  the  rest  of  the  cell  being  granular  and  pigmented.  From  the 
free  end  of  each  there  projects  a  stiff  hair-like  process,  which,  on  the  application  of 
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reagents,  splits  into  several  finer  filaments.  The  nerve  fibres  pierce  the  membrana 
propria  and  end  in  arborisations  around  the  deep  extremities  of  the  hair  cells.  A 
collection  of  small,  rhombic  crystals  of  carbonate  of  lime,  termed  otoconia,  adheres 
to  each  of  the  macuhe. 

The  membranous  semicircular  canals  (ductus  semicirculares)  are  elliptical  on 
transverse  section  (Fig.  525)  and  possess  a  calibre  equal  to  about  one-fourth  of  that 
of  the  bony  tubes,  to  the 
greater  circumference  of 
which  they  are  attached. 
The  peripheral  portion  of 
the  ellipse  is  fixed  to  the 
periosteal  lining  of  the 
bony  canal,  whilst  the 
opposite  part  is  free,  ex- 
cept that  it  is  connected 
by  irregular  bands,  the 
ligamenta  labyrinthi  can- 
aliculorum,  which  pass 
through  the  perilymphatic 
space  to  the  bony  wall. 
The  membranous  canals 
are  dilated  in  the  bony 
^ampuilte.  and  the  mem- 
braiious  ampullse  (am- 
pull;e  inembranacete)  are 
distinctly  marked  off  from 
the  concave  aspect  of  the 
canals. 

Each  membranous 
canal  consists  of  three 
layers,  viz. :  (a)  "an  outer 
fibrous  stratum  which  contains  blood-vessels,  together  with  some  pigment,  and  fixes 
the  tAibe  to  the  bony  wall ;  (6)  an  intermediate,  transparent  tunica  propria,  presenting 
a  number  of  papilliform  elevations  which  project  towards  the  lumen.  .  The  fibrous 
layer  and  tunica  propria  are  thinnest  along  the  attached  surface  of  the  tube,  and 
in  this  region  also  the  papilliform  elevations  are  absent ;  (c)  an  internal  epithelial 
layer,  composed  of  pavement  cells.  In  the  ampullte  the  tunica  propria  is  much 
thickened  and  projects  into  the  cavity  as  a  transverse  elevation,  termed  the  septum 
transversum,  which,  when  seen  from  above,  is  somewhat  fiddle-shaped ;  its  most 
prominent  part  is  covered  by  auditory  epithelium  forming  the  crista  acustica,  at 
each  end  of  which  is  a  half-moon-shaped  border  of  small  columnar  cells,  the  planum 
semilunatum.  The  cells  covering  the  crista  acustica  consist  of  supporting  cells  and 
hair  cells,  and  are  similar  in  their  arrangement  to  those  in  the  maculfe  of  the 
utricle  and  saccule.  The  hairs  of  the-  hair  cells  are,  however,  considerably  longer, 
and  project  as  far  as  the  middle  of- the  ampuUary  lumen.  In  fresh  specimens  they 
appear  to  end  free,  but  in  hardened  preparations  are  seen  to  terminate  in  a  soft, 
clear,  -dome-like  structure,  the  cupola  terminalis,  which  is  striated,  the  striae  converg- 
ing towards  its  concavity.  The  nerves  form  arborisations  around  the  bases  of  the 
hair  cells. 

The  membranous  cochlea  (ductus  cochlearis  or  scala  media)  commences  in  the 
recessus  cochlearis  of  the  vestibule  by  a  blind  extremity  (caecum  vestibulare),  close 
to  which  it  receives  the  ductus  reuniens  of  Hensen  (vide  p.  718).  It  forms  a 
spirally-arranged  canal  inside  the  bony  cochlea  and  ends  at  the  apex  of  the  latter 
in  a  second  blind  extremity,  the  lagena,  or  csecum  cupulare,  which  is  fixed  to  the 
cupola  and  partly  bounds  the  helicotrema.  As  already  stated  (vide  p.  717),  the  mem- 
brana basilaris  extends  from  the  free  edge  of  the  lamina  spiralis  ossea  to  the  outer 
wall  of  the  cochlea.  A  second,  more  delicate  membrane,  the  membrane  of  Eeissner,  or 
membrana  vestibularis,  stretches  from  the  thickened  periosteum  covering  the  upper 
surface  of  the  lamina  spiralis  ossea  to  the  outer  cochlear  wall,  some  little  distance 
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above  the  external  attachment  of  the  membrana  basilaris.  A  canal  is  thus  enclosed 
between  the  underlying  scala  tyinpani  and  the  overlying  scala  vestibuli,  and  con- 
stitutes the  membranous  cochlea  or  ductus  cochlearis.    Triangular  on  transverse 


Fig.  526. — Section  across  the  Ductu.s  Cochlearis  (Retzius). 


section,  it  possesses  a  roof,  outer  wall,  and  floor,  and  is  lined  throughout  with 
epithehum  and  filled  with  endolym.ph.  On  its  floor  the  epithelium  is  greatly  modified, 
and  here  are  found  the  endings  of  the  cochlear  division  of  the  auditory  nerve. 

The  roof  or  vestibular  wall  of  the  ductus  cochlearis  is  formed  by  the  mem- 
brane of  Eeissuer,  which  consists  of  a  delicate,  nearly  homogeneous  membrane, 
covered  on  its  two  surfaces  by  a  layer  of  epithelium.  Its  entire  thickness  is 
about  3  /X. 

The  outer  wall  of  the  ductus  cochlearis  (Fig.  527)  consists  of  the  periosteal 
lining  of  the  bony  cochlea,  which,  however,  is  much  thickened  and  greatly  modified 
to  form  what  is  termed  the  ligamentum  spirale  cochleae.  Occupying  the  whole  outer 
wall,  this  ligament  projects  inwards  inferiorly  as  a  triangular  prominence,  the  crista 
basilaris,  to  whicli  the  outer  edge  of  the  membrana  basilaris  is  attached.  The  fibres 
of  the  membrane  radiate  into  the  ligament  in  the  form  of  a  series  of  bundles 
analogous  to  the  ligamentum  pectinatum  iridis.  In  the  upper  part  of  the  liga- 
mentum spirale  the  periosteum  is  of  a  reddish-yellow  colour  and  contains,  immedi- 
ately under  its  epithelial  lining,  numerous  small  blood-vessels  and  capillary  loops, 
forming  the  stria  vascularis.  The  lower  limit  of  this  stria  is  bounded  by  a 
prominence,  the  prominentia  spiralis,  in  which  is  seen  a  vessel,  the  vas  prominens, 
and  between  this  prominence  and  the  crista  basilaris  is  a  concavity,  the  sulcus 
spiralis  externus.  The  height  of  the  outer  wall  diminishes  towards  the  apex  of  the 
cochlea. 

The  floor  or  tympanal  wall  of  the  ductus  cochlearis  is  formed  by  the  periosteum 
covering  that  portion  of  the  lamina  spiralis  ossea  which  is  situated  to  the  outer  side 
of  Keissner's  membrane,  and  by  the  membrana  basilaris,  which  stretches  from  the  free 
edge  of  the  lamina  spiralis  ossea  to  the  crista  basilaris.  On  the  inner  part  of  the 
membrana  basilaris,  the  complicated  structure  termed  the  organ  of  Corti  is  placed. 
The  lamina  spiralis  ossea  consists  of  two  plates  of  bone,  between  which  are  placed  the 
canals  for  the  branches  of  the  cochlear  nerve.  On  the  upper  plate  the  periosteum 
is  thickened  and  modified  to  form  the  limbus  laminae  spiralis,  the  outer  extremity 
of  which  forms  a  C-shaped  concavity,  the  sulcus  spiralis  internus.  The  portions  of 
the  limbus  which  project  outwards,  above  and  below  this  concavity,  are  termed 
respectively  the  labium  vestibulare  and  labium  tympanicum.  The  latter  is  perforated 
by  some  4000  small  apertures,  the  foramina  nervosa  or  habenula  perforata,  for  the 
transmission  of  the  cochlear  nerves.     Externally  it  becomes  continuous  with  the 
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membrana  basilaris.  The  upper  surface  of  the  labium  vestibulare  presents  a  num- 
ber of  furrows  crossing  each  other,  nearly  at  right  angles,  and  intersecting  a  series 
of  elevations  which,  at  the  free  margin  of  the  labium,  form  a  row  of  tooth-like 
structures,  some  7000  in  number,  the 
auditory  teeth  of  Buschke.  Covering  the 
limbus  is  a  layer  of  apparently  squamous 
epithelium  ;  the  .  deeper  protoplasmic 
portions  of  the  cells,  however,  with  their 
contained  nuclei,  fill  up  the  intervals 
between  the  elevations  and  auditory 
teeth,  and  are  continuous  with  the  cells 
lining  the  sulcus  spiralis  internus. 

Membrana  Basilaris. — The  inner 
part  of  this  membrane  is  thin,  and  sup- 
ports the  organ  of  Corti ;  it  is  named  the 
zona  arcuata,  and  reaches  as  far  as  the 
footplate  of  the  outer  rod  of  Corti.  Its 
outer  part,  extending  from  the  footplate 
of  the  outer  rod  of  Corti  to  the  crista 
basilaris,is  thicker  and  distinctly  striated, 
and  is  termed  the  zona  pectinata.  The 
substantia  propria  of  the  membrane  is 
almost  homogeueoxis,  but  exhibits,  in  its 
deeper  part,  numerous  fibres.  These 
fibres  are  most  distinct  in  the  zona 
pectinata,  and  number,  according  to 
Ketzius,  about  24,000.  Covering  the 
under  surface  of  the  membrana  basilaris 
is  a  layer  of  connective  tissue,  which 
contains,  in  its  inner  part,  small  blood- 
vessels, one  of  which,  larger  than  the  rest, 
lies  below  the  tunnel  of  Corti  and  is 
named  the  vas  spirale.  The  width  of 
the  membrana  basilaris  increases  from 
210  fJL  in  the  basil  coil  to  360  [m  in  the 
apical  coil. 

Organ  of  Corti  (Fig.  528).— Placed 
upon  the  inner  portion  of  the  membrana 
basilaris,  the  organ  of  Corti  consists  of  an 
epithelial  eminence  which  extends  along  the 
entire  length  of  the  ductus  cochlearis  and 
■compi'ises  the  following  structures,  viz.  : 
(1)  Corti's  rods  or  pillars,  (2)  hair  cells  (inner  and  outer),  (3)  supporting  cells  of  Deiters, 
{4)  the  cells  of  Henseu  and  Claudius,  (5)  the  lamina  reticularis,  and  (6)  a  cuticular 
membrane,  the  membrana  tectoria. 

The  rods  of  Oorti  form  two  rows,  inner  and  outer,  of  stiff',  pillar-like  structures,  and 
each  rod  presents  a  base  or  footplate,  an  intermediate  elongated  portion,  and  an  upper  end 
or  head.  The  bases  of  the  two  rows  are  planted  on  the  membrana  basilaris,  some  little 
distance  apart.  The  intermediate  portions  incline  towards  each  other  and  the  heads  come 
into  contact,  so  that,  between  the  two  rows  above  and  the  membrana  basilaris  below,  there 
is  enclosed  a  triangular  tunnel,  the  tunnel  of  Corti  ;  this  tunnel  increases  both  in  height 
and  width  on  passing  towards  the  apex  of  the  cochlea.  The  inner  rods  number  nearly 
6000,  and  the  head  of  each  resembles  somewhat  the  upper  end  of  the  idna,  presenting  a 
deep  concaA'ity,  externally,  for  the  reception  of  a  corresponding  convexity  on  the  head  of 
the  outer  rod.  The  part  of  the  head  which  overhangs  this  concavity  is  prolonged  out- 
wards, under  the  name  of  the  head  plate,  and  overlaps  the  head  of  the  outer  rod.  The 
expanded  bases  of  the  inner  rods  are  situated  on  the  innermost  portion  of  the  membrana 
basilaris,  immediately  to  the  outer  side  of  the  foramina  nervosa  of  the  labium  tympanicum. 
The  intermediate  parts  of  the  inner  rods  are  sinuously  curved,  and  form,  with  the  mem- 
brana basilaris,  an  angle  of  about  60\  The  outer  rods  number  about  4000,  and  are  longer 
46 
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than  the  inner,  especially  in  the  upper  part  of  the  cochlea.  They  are  more  inclined 
towards  the  membrana  basilaris,  and  form  with  it  an  angle  of  about  40°.  The  head  of  each 
is  convex  internally,  to  fit  the  concavitj'  on  the  head  of  the  inner  rod,  and  is  prolonged 


Outer  rod  of  Corti 


Inner  rod  of  Corti 
Inner  liair  cell 
Hensen's  stripp 

Membrana  tectoria 
Sulcus  spiralis  | 
Limbus  laminie    internns  i 
spirali 


Outer  hair  cells 


Space  of  N'nt'l 
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Fig.  528. — Transverse  Section  of  Coeti's  Organ  from  the  Central  Con,  of  Cochlea  (Retzius). 


outwards  as  a  plate,  the  phalangeal  process,  Avhich  becomes  connected  with  the  lamina 
reticularis.  In  the  head  is  an  oval  body  which  has  an  affinity  for  certain  reagents.  The 
main  part  of  each  rod  consists  of  a  nearly  homogeneous  material,  which  is  finely  striated. 
At  the  base  of  each,  on  its  tunnel  side,  is  a  nucleated  mass  (rf  protoplasm  which  reaches  as 
far  as  the  heads  of  the  rods,  and  covers  also  the  greater  part  of  the  tunnel  floor.  This 
may  be  regarded  as  the  undifferentiated  part  of  the  cell  from  which  the  rod  was  developed. 
Slit-lilce  intervals,  for  the  transmission  of  nerves,  exist  between  the  intei-mediate  portions 
of  adjacent  rods. 

Hair  Cells. — These,  like  Corti's  rods,  form  two  sets,  inner  and  outer.  The  former 
consists  of  a  single  row  lying  immediately  internal  to  the  inner  rods — the  latter  of  three,  or, 
it  may  be,  four  rows  placed  to  the  outer  side  of  the  external  rods.  The  inner  hair  cells 
are  about  3500  in  number,  and  have  a  greater  diameter  than  the  inner  rods,  and  so  each  is 
supported  by  more  than  one  rod.  Somewhat  oval  in  shape,  their  free  extremities  are  sur- 
mounted by  about  twenty  fine  hair-like  processes,  arranged  in  the  form  of  a  crescent,  with 
its  concavity  dii-ected  inwards.  The  deep  end  of  the  cell  is  rounded,  and  contains  a  large 
nucleus.  It  reaches  only  about  half-way  down  the  rod,  and  in  contact  with  it  are  the 
arborisations  of  the  nerve  terminations.  To  the  inner  side  of  this  row  of  hair  cells  are  two 
or  three  rows  of  elongated  columnar  cells,  M  hich  act^  as  supporting  cells  and  are  continuous 
with  the  low  columnar  cells  lining  the  sulcus  spiralis  internus.  "The  outer  hair  cells  num- 
ber about  12,000,  and  form  three  rows  in  the  basal  coil  and  four  rows  in  the  upper  two 
coils,  although  in  the  higher  coils  the  rows  are  not  so  regularh^  arranged.  Their  rounded 
free  extremities  support  some  twenty  hairlets  arranged  in  the  form  of  a  crescent,  opening 
inwards.  Their  deep  extremities  reach  about  half-way  to  the  membrana  basilaris,  and  are 
in  contact  with  the  nerve  arborisations. 

Alternating  with  the  rows  of  the  outer  hair  cells  are  the  rows  of  Deiters'  supporting 
cells,  the  lower  extremities  of  which  are  expanded  on  the  membrana  basilaris,  whilst  their 
upper  ends  are  tapei-ed  ;  the  nucleus  is  placed  near  the  middle  of  each  cell,  and,  in  addi- 
tion, each  cell  contains  a  bright,  thread-like  structure,  called  the  supporting  fibre.  This 
fibre  is  attached,  by  a  club-shaped  base,  to  the  membrana  basilaris,  and  expands,  at  the 
free  end  of  the  cell,  to  form  a  phalangeal  process  of  the  membrana  reticularis. 

The  cells  of  Hansen,  or  outer  supporting  cells,  consist  of  about  half  a  dozen  rows, 
immediatel)'  outside  Deiters'  cells,  and  form  a  well-marked  elevation  on  the  floor  of  the 
ductus  cochlearis.  Their  deep  extremities  are  narrow  and  attached  to  the  membrana 
basilaris,  while  their  free  ends  are  expanded ;  each  cell  contains  a  distinct  nucleus  and 
some  pigment  granules.  The  columnar  cells,  situated  externally  to  tlie  cells  of  Heusen, 
cover  the  outer  part  of  the  zona  pectinata,  and  are  named  the  cells  of  Claudius.  A  space, 
the  space  of  Nuel,  exists  between  the  outer  rods  of  Corti  and  the  neighbouring  row  of  hair 
cells.  It  communicates  internally  with  Corti's  tunnel,  and  extends  outwards  between  the 
outer  hair  cells  as  far  as  Hensen's  cells. 
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The  lamina  reticularis  is  a  tiiiu  cuticular  structure,  wiiich  lies  over  Corti's  organ 
aud  extends  from  the  he;ids  of  the  outer  rods  as  far  as  Hensen's  cells,  where  it  ends  in  a 
row  of  quadrilateral  areas,  which  form  its  outer  border.  Oti  looking  at  it  from  above,  it  is 
seen  to  consist  of  two  or  three  rows  of  structures,  named  phalanges,  which  are  elongated 
cuticular  plates,  resembling  in  shape  the  digital  phalanges.  The  innermost  row  is  formed 
by  the  phalangeal  processes  of  the  heads  of  the  outer  row  of  Corti's  rods ;  the  succeeding 
row,  or  rows,  represent  the  expanded  uj^per  ends  of  Deiters"  supporting  cells.  The  number 
of  rows  of  phalanges,  therefore,  varies  with  the  number  of  rows  of  outer  hair  cells  and  the 
alternating  cells  of  Deiters.  The  phalanges  separate  the  free  ends  of  the  hair  cells  from 
each  other,  since  these  iire  seen  to  occupy  the  somewhat  circular  apertures  between  their 
constricted  middle  portions. 

The  membrana  tectoria  (Fig.  528)  is  an  elastic  membrane  overlying  the  snlcus  spiralis 
internus  and  the  organ  of  Corti.  Attached,  by  its  inner  end,  to  the  limbus  laminae  spiralis, 
near  the  lower  edge  of  Reissner's  membrane,  it  reaches  outwards  as  far  as  the  outer  row  of 
hair  cells.  Its  inner  portion  is  thin  and  overlies  the  auditory  teeth  of  Huschke.  Its 
outer  part  is,  at  first,  much  thickened,  but  becomes  attenuated  near  its  external  border, 
which,  according  to  Retzius,  is  attached  to  the  outer  row  of  Deiters'  cells.  Its  lower  edge 
presents  a  firm,  homogeneous  border,  and  opposite  the  inner  row  of  hair  cells  contains  a 
clear,  spirally-arranged  band,  named  Hensen's  stripe.  Probably  the  membrana  tectoria 
acts  as  a  damper  comparable  to  the  otoconia  in  the  utricle  and  saccide. 

Auditory  Nerve  (Fig.  529). — The  auditory  nerve  divides  into  two  main  parts, 
the  ramus  vestibularis  and  the  ramus  cochlearis  ;  as  the  former  traverses  the  internal 
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Fig.  529. — Membranous  Labyrinth  of  a  Five  Months'  Fcetus,  viewed  from  its  postero-mesial 

aspect  (Retzius). 

auditory  meatus  it  presents  a  gangliform  swelling,  the  ganglion  of  Scarpa.  The  ramus 
vestibularis  divides  into  three  branches,  which  are  distributed  to  the  macula 
acustica  utriculi  and  the  ampullae  of  the  superior  and  external  semicircular 
canals.  The  ramus  cochlearis  gives  off  a  branch  to  the  macula  acustica  sacculi 
and  another  to  the  ampulla  of  the  posterior  semicircular  canal.  The  remainder  of 
the  ramus  cochlearis  is  distributed  to  the  hair  cells  of  Corti's  organ,  the  branches  for 
the  basal  and  middle  coils  entering  the  foramina  in  the  tractus  spiralis  foraminosus, 
those  for  the  apical  coil  passing  up  through  the  canalis  centralis  of  the  modiolus. 
Extending  upwards,  in  the  bony  canals  of  the  modiolus,  the  nerve  fibres  radiate 
outwards  between  the  lamellte  of  the  lamina  spiralis  ossea.  Contained  in  the  spiral 
canal  of  the  modiolus,  near  the  attached  margin  of  the  lamina,  is  a  ganglion  which 
winds  spirally  round  the  modiolus,  and  is  named  the  ganglion  spirals  or  ganglion  of 
4G  a 
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330. — Part  of  Cochlear  Nerve,  highly 
magnified  (Henle). 


Corti  (Fig.  5?)0).  It  consists  of  bipolar  nerve-cells,  and  each  nerve  fibre,  probably,  has 
its  continuity  interrupted  by  one  of  these  cells.  Beyond  the  ganglion  spirale  the  nerve 

fibres  extend  outwards,  at  first  in  bundles, 
and  then  in  a  more  or  less  continuous 
sheet,  from  the  outer  edge  of  which  they 
are  again  collected  into  bundles,  which 
pass  through  the  foramina  nervosa  of  the 
labium  tympanicum.  Beyond  this  they 
appear  as  naked  axis -cylinders,  and, 
turning  in  a  spiral  manner  (inner  or  first 
spiral  fasciculus),  send  fibrilke  towards 
the  inner  row  of  hair  cells.  Other  fibrils 
pass  outwards  l)etween  the  inner  rods 
and  form  a  second  spiral  fasciculus  in 
Corti's  tunnel,  from  which  fibrils  extend 
outwards  across  the  tunnel,  and,  passing 
between  the  outer  rods,  enter  Nuel's 
space.  They  form  a  spiral  fasciculus  on  the  inner  aspect  of  each  row  of  Deiters'  cells, 
and  from  these  fasciculi  fibrillse  pass  towards  the  bases  of  the  outer  hair  cells. 

Scliwalbe  divides  the  auditory  nerve  into  three  portions,  viz. :  (1)  ramus  utriculo-ampuUaris, 
corresponding  witli  the  ramus  vestibularis  already  described  ;  (2)  ramus  sacculo-ampullaris,  for 
the  saccule  and  posterior  ampulla  ;  and  (3)  ramus  cochlearis,  for  the  ductus  cochlearis. 

Vessels  of  the  Internal  Ear. — The  auditory  artery,  a  branch  of  the  l)asilar,  enters  the  internal 
auditory  meatus  and  divides  into  vestibular  and  cochlear  branches.  The  vestibular  branch  .sup- 
plies the  soft  tissues  in  the  vestibule  and  semicircular  canals,  each  canal  receiving  two  arteries, 
which,  starting  from  ojiposite  extremities  of  the  canal,  anastomose  on  the  summit  of  the  arch. 
The  cochlear  branch  divides  into  numerous  twigs,  which  enter  the  foramina  in  the  tractus 
spiralis  foraminosus  and  run  outwards  in  the  lamina  spiralis  ossea  to  reach  the  soft  structures  ; 
the  largest  of  these  arteries  runs  in  the  canalis  centralis.  The  stylo-niastoid  artery  also  supplies 
some  minute  branches  to  the  cochlea.  Siebenmann  describes  the  auditory  artery  as  dividing  into 
three  branches,  viz.  :  (1)  anterior  vestibular,  (2)  cochlear  proper,  and  (3)  vestibulo-cochlear.  The 
veins  from  the  cochlea  and  vestibule  unite  at  the  bottom  of  the  meatus  with  the  veins  from  the 
semicircular  canals  to  form  the  internal  auditory  vein,  which  may  either  open  into  the  posterior 
part  of  the  inferior  petrosal  sinus  or  into  the  lateral  sinus.  Small  veins  also  pass  through  the 
aqueductus  coch- 
lere  and  aque- 
ductus vestibuli, 
the  former  open- 
ing into  the  in- 
ferior petrosal 
sinus  or  into  the 
internal  jugular 
vein,  the  latter 
into  the  siq^ierioi- 
petrosal  sinus. 
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Development 
OF  Labyrinth. 

The  epithelial 
lining  of  the 
labyrinth  is  de- 
rived from  an  in- 
vagination of  the 
cephalic  ecto- 
derm, termed 
the  auditory  pit, 
which  appears 
opposite  the 
hind  brain  im- 
mediately above 

the  fir.st  visceral  cleft.  The  mouth  of  the  pit  is  closed  by  the  growing  together  of  its 
margins,  and  it  then  assumes  the  form  of  a  hollow  vesicle,  the  otic  vesicle,  lined  by 
epithelium  ;  the  vesicle  sinks  into  the  subjacent  mesoderm  and  is  met  by  the  auditory 


Rudiment  of  ductus  cochlearis 


Fio.  531. — Sections  throuoh  the  Region  of  the  Hind  Brain  of  Fcetal  PwVbbits 
(to  illustrate  the  development  of  the  laliyrinthine  epithelium). 

In  A  the  epiblast  is  invaginated  to  form  the  auditory  pit ;  in  B  the  auditory  pit  is  closed 
and  detached  from  the  epiblast,  forming  the  otic  vesicle  ;  while  C  show.s  a  furtlier 
stage  in  the  development  of  the  vesicle. 
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nerve  growing  out  from  the  neural  crest.  The  vesicle  soon  becomes  pear-shaped  ;  its 
upper  tapering  part  is  named  the  recessus  labyrinthi,  and  forms  the  future  ductus 
endolymphaticus.  About  the  fifth  week,  the  lower  part  of  the  vesicle  is  prolonged  for- 
wards as  a  tubular  elongation,  the  future  ductus  cochlearis.  This  is  at  first  straight,  but 
soon  becomes  curved  on  itself,  so  that  at  the  twelfth  week  all  three  coils  are  differentiated. 
From  the  upper  part  of  the  vesicle  the  semicircular  canals  are  developed  and  appear  as 
hollow  disc-like  evaginations,  the  central  parts  of  the  two  walls  of  which  coalesce  and  dis- 
appear, leaving  only  the  peripheral  rings  or  canals.  The  three  canals  are  free  about  the 
beginning  of  the  second  month,  and  are  developed  in  the  following  order,  viz.  :  superior, 
posterior,  and  external.  The  intermediate  part  of  the  otic  vesicle  i-epreseuts  the  vestibule, 
and  is  divided  by  a  constriction 
into  an  anterior  part,  the  saccule, 
communicating  with  the  ductus 
cochlearis,  and  a  posterior  portion, 
the  utricle,  receiving  the  extremities 
of  the  semicircular  canals.  The  con- 
striction extends  for  some  distance 
into  the  ductus  endolymphaticus, 
and  thus  the  utricle  and  saccule 
are  only  indirectly  connected  by  a 
Y-shaped  tube.  Another  constric- 
tion makes  its  appearance  between 
the  saccule  and  the  ductus  coch- 
learis, near  its  commencement,  and 
forms  the  canalis  reuniens  of 
Hensen.  The  epithelial  lining  is 
at  first  columnar,  but  becomes 
cubical  throughout  the  whole 
labyrinth,  except  opposite  the 
terminations  of  the  auditory  nerve, 
where  it  forms  the  columnar 
epithelium  of  the  maculte  of  the 
utricle  and  saccule^  of  the  cristae 
ampullae,  and  of  the  organ  of  Corti. 
On  the  floor  of  the  ductus  cochlearis  two  ridges  appear,  of  which  the  inner  forms  the 
limbus  laminae  spiralis,  whilst  the  cells  of  the  outer  become  modified  to  form  the  rods  of 
Corti,  the  hair  cells,  and  the  supporting  cells  of  Deiters  and  Hensen. 

The  mesoderm  surrounding  the  otic  vesicle  is  differentiated  into:  (1)  a  fibrous 
layer,  the  wall  of  the  membranous  labyrinth ;  (2)  a  cartilaginous  external  capsule, 
the  future  petrous  bone ;  and  (3)  an  intervening  layer  of  gelatinous  tissue,  which  is 
ultimately  absorbed  to  form  the  perilymphatic  space  between  the  bony  and  membranous 
labyrinths. 

ORGANS  OF  TASTE. 

The  peripheral  organs  of  the  sense  of  taste  (organon  gustus)  consist  of  groups  of 
modified  epithehal  cells,  termed  the  taste  buds,  vrhich  are  found  on  certain  parts  of 
the  tongue  and  its  immediate  neighbourhood. 

Taste  buds  are  present  in  large  numbers  around  the  circumference  of  the 
papillae  vallatte,  while  some  are  also  found  on  their  opposing  vs^alls  (Fig.  533).  They 
are  very  numerous  over  the  fimbrise  linguse,  which  correspond  with  the  papillae  foliatse 
of  the  tongue  of  the  rabbit,  and  are  also  found  over  the  posterior  part  and  sides  of 
the  tongue,  either  on  the  papillae  fungiformes  or  throughout  the  stratified  epithelium. 
They  exist,  also,  on  the  buccal  surface  of  the  soft  palate  and  on  the  posterior  aspect 
of  the  epiglottis. 

Structure  of  Taste  Buds  (Fig.  534). — They  are  oval  or  flask-shaped,  and 
occupy  nests  in  the  stratified  epithelium  of  the  regions  mentioned.  The  deep 
extremity  of  each  is  somewhat  expanded  and  rests  upon  the  corium ;  the  free  end 
is  perforated  by  a  minute  pore,  termed  the  gustatory  pore.  They  consist  of  modified 
epithelial  cells,  which  are  grouped  under  the  two  varieties  of — (a)  supporting  cells, 
and  (1)  gustatory  cells  (Fig.  535).    The  supporting  cells  are  elongated,  nucleated 


B 

Fig.  532. 


A,  Left  labyrinth  of  a  human  embryo  of  aboiit  four  weeks  ;  B, 
Left  labyrinth  of  a  human  embryo  of  about  Ave  weeks  (from 
W.  His,  jun.). 
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spindles,  and  are  mostly  arranged  like  cask  staves  to  form  the  outer  envelope  of 
the  bud.    Some  are,  however,  found  in  the  interior  of  the  bud,  amongst  tlie  gustatory 


Fh:.  533. 

A.  Section  through  a  pajiillu  vallata  of  huiiiau  tongue.        B,  Section  tlirougli_a  part  of  the  papilla  foliata 

of  a  rulibit. 

1.  J'apilla.  -2.  Vallum.  ?,.  Taste  buds.  4.  Paiiilla-.  5.  Tasti' buds.  C.  Duct  uf  serous  <;land. 

cells.  The  latter  occupy  the  centre  of  the  l)ud,  and  present  a  nucleated  cell-body, 
which  is  prolonged  into  a  peripheral  and  a  central  process.    Tlie  peripheral  process 


Gustatory  liairs 

Gustatory 
pure 


B 

Fig.  534. 

A,  Three-quarter  surface  view  of  taste  bud  from  the  B,  Vertical  section-of  taste  bud  from  the  jiajiilla 

papilla  foliata  of  a  rabbit  (highly  maguitied).  foliata  of  a  rabbit  (highly  magnitiedl. 

is  rod-like  and  almost  hyaline,  and  terminates  at  the  gustatory  pore  in  a  hair- 
like filament,  the  gustatory  hair.    The  central  process  passes  inwards  towards  the 

deep  extremity  of  the  bud,  where  it  ends  free, 
either  in  a  single  varicose  filament  or  by 
becoming  Iiifurcated  or  branched. 

Nerves  of  Taste. — The  nerve  which  sup- 
plies the  taste  ljuds  over  the  anterior  part 
of  the  tongue  is  probably  the  chorda  tym- 
pani  branch  of  the  facial  nerve  ;  that  for 
the  posterior  part,  the  glosso- pharyngeal. 
The  internal  laryngeal  branch  of  the  vagus 
nerve  supplies  the  epiglottis,  together 
with  a  small  area  of  the  tongue  immedi- 
ately in  front  of  it.  The  nerve  fibrils, 
having  lost  their  medvdlary  sheath,  ramify 
partly  between  the  gustatoiy  cells  and 
])artly  amongst  the  cells  of  the  luid  capsule. 


Fin.  r.SJ 
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UF  Rabbit  (Kngelmanu). 
((,  SupiKirtiut;  cells.  h,  Gustat(U'y  cells. 
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It  was  formerly  thought  that  the  nerve  fibrils  were  directly  continuous  with  the 
central  ends  of  the  gustatory  cells,  but  this  view  is  no  longer  entertained. 

The  ducts  of  Ebner's  glands  open  into  the  bottom  of  the  valleys  surrounding 
the  papillae  vallatiB,  and  the  serous-like  secretion  of  these  glands  probably  washes 
the  free  hair-like  extremities  of  the  gustatory  cells,  and  so  renders  them  ready  to 
be  stimulated  by  successive  substances.  It  should  l)e  added  that  there  is  a  close 
association  between  the  senses  of  smell  and  taste.  This  can  be  best  appreciated  by 
considering  the  defective  taste  perceptions  resulting  from  inflammatory  conditions 
of  the  nasal  mucous  membrane  or  the  common  practice  of  holding  the  nose  in 
order  to  minimise  the  taste  of  nauseous  drugs. 
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THE  SKIN  OR  INTEGUMENT. 
ORGANS  OF  TOUCH. 
The  Skin. 

The  skin  (integumentum  commune)  covers  the  body,  and  is  continuous,  at  the 
orifices  on  its  surface,  with  the  mucous  lining  of  its  alimentary  and  other  canals.  It 
contains  the  peripheral  terminations  of  the  sensory  nerves,  and  serves  as  an  organ 
of  protection  to  the  deeper  tissues.  It  is  the  chief  factor  in  the  regulation  of  the 
body  temperature,  and  by  means  of  the  sweat  and  sebaceous  glands,  which  open  on 
its  free  surface,  constitutes  an  important  excretory  striicture.  Its  superficial  layers 
are  modified  to  form  appendages  in  the  shape  of  hairs  and  nails. 

The  superficial 
area  of  the  skin 
averages  about  one 
and  a-half  square 
metres,  whilst  its 
thickness  varies 
from  0"5  to  4  mm., 
being  greatest  on 
the  palms  of  the 
hands  and  soles 
of  the  feet,  and 
on  the  back  of 
the  neck  and 
shoulders,  and 
least  on  the  eyelids 
and  penis.  It  is 
very  elastic  and 
resistant,  and  its 
colour,  determined 
partly  by  its  own 
pigment  and 
partly  by  that  of 
the  blood,  is  deeper 
on  exposed  parts 
and  in  the  regions 
of  the  genitals, 
axillae,  and  mam- 
mary areolse,  than 
elsewhere.  The 
colour  also  varies 
with  race  and  age, 
the  different  races 

of  the  world  Ijeing  roughly  classified,  according  to  the  colour  of  their  skin,  into 
the  three  groups  of  white,  yellow,  and  black     Pinkish  iu  colour  in  childhof)d,  the 


Papilla  of  liair 


Oblique  section  through 
a  Pacinian  corpuscle 


Fi(!.  536. — Veht:cal  Section  of  the  Skin  (schematic^ 
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skin  assumes  a  yellowish  tinge  in  old  age,  while  in  certain  diseases  {e.g.  icterus 
and  melasma  Addisonii)  it  undergoes  marked  alteration. 

The  surface  of  the  skin  is  perforated  by  the  hair  follicles  and  by  the  ducts  of  the 
sweat  and  sebaceous  glands,  and  on  the  palms,  soles,  and  flexor  aspect  of  the  digits 
it  presents  numerous  permanent  ridges  (cristce  cutis),  which  correspond  with  rows 
of  underlying  papilUe.  Over  the  terminal  phalanges  these  ridges  form  distinctive 
patterns,  which  are  retained  from  youth  to  old  age,  and  may  be  utilised  for 
purposes  of  identification.  Folds  of  the  skin  (retinacula  cutis)  are  seen  in  the 
neighbourhood  of  the  joints,  and  it  can  be  thrown  into  wrinkles  by  the  contraction 
of  the  subcutaneous  muscles,  where  these  exist.  Over  the  greater  part  of  the  body 
it  is  freely  movable ;  but  on  the  scalp  and  outer  surface  of  the  pinna,  as  well  as  on 
the  palms  and  soles,  it  is  bound  down  to  the  subjacent  tissues. 

The  skin  consists  of  two  strata,  viz. :  a  deep,  termed  the  dermis  or  corium,  and 
a  superficial,  named  the  epidermis  (Fig.  536). 

The  corium  gives  elasticity  and  sensibility  to  the  skin,  and  consists  essentially 
of  a  felted  interlacement  of  connective  tissue  and  elastic  fibres.  In  its  deeper  part, 
or  stratum  reticulare,  the  fibrous  bundles  are  coarse  and  form  an  open  network,  in 
the  meshes  of  which  are  vessels,  nerves,  pellets  of  fat,  hair  follicles,  and  glands. 
This  reticular  stratum  passes,  as  a  rule,  without  any  line  of  demarcation,  into  the 
panniculus  adiposus  or  subcutaneous  fatty  tissue,  but  in  some  parts  it  rests  upon  a 
layer  of  striped  or  unstriped  muscular  fibres — the  latter  in  the  case  of  the  scrotum. 
In  the  superficial  layer,  or  stratum  papillare,  of  the  corium,  the  connective  tissue- 
bundles  are  finer  and  form  a  close  network.  Projecting  from  its  free  surface  are 
numerous  finger-like,  single,  or  branched  elevations,  termed  papillae  (Fig.  537),  the 
free  ends  of  which  are  received  into  corresponding  depressions  on  the  under  surface 
of  the  epidermis.    These  papilke  vary  in  size,  being  small  on  the  eyelids,  but  large 

on  the  palms  and  soles, 
where  they  may  attain 
a  length  of  225  n  and 
produce  the  permanent 
curved  ridges  already 
alluded  to.  Each  ridge 
usually  contains  two 
rows  of  papillae,  between 
which  the  ducts  of  the 
sweat  glands  pass  to 
reach  the  surface.  The 
papillce  consist  of  fine 
connective  tissue  and 
.  elastic  fibres,  mostly 
arranged  parallel  to  the 
long  axis  of  the  papilla. 
The  majority  contain 
capillary  loops,  but  some 
the  terminations  of 
nerves.  The  superficial 
surface  of  the  corium  is 
covered  by  a  thin  homo- 
geneousbasement  mem- 
brane. 

The  epidermis  covers 
the  corium ;  it  is  non- 
vascular and  consists  of 
stratified  epithelium. 
Its  superficial  layers  are  modified  to  form  the  stratum  corneum  or  horny  layer  of 
the  skin,  which  may  be  separated  by  maceration  or  blistering  from  the  deeper, 
softer  portion,  or  stratum  mucosum  (Malpighi).  The  epidermis  consists  from  within 
outwards  of  the  following  five  strata  (Fig.  537) : — 

1.  The  basilar  layer  or  stratum  germinativum,  comprising  a-  single  stratum  of 


Fig.  5-37. — Vertical 


Section  of  Ei'idermis  .\nd 
(highly  maguifleil). 
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nucleated  columnar  cells  planted  by  denticulated  extremities  on  the  basement 
membrane  of  the  cerium. 

2.  The  stratum  mucosum,  consisting  of  six  or  eight  layers  of  polygonal,  nucleated 
"  prickle "  or  "  iinger "  cells,  the  processes  of  which  join  those  of  adjacent  cells. 
Between  the  cells  of  this  layer  are  minute  channels,  in  which  leucocytes  or  pigment 
granules  may  be  seen.  The  cells  of  the  stratum  mucosum  are  characterised  by  the 
presence  of  numerous  epidermic  hbrils,  which  are  coloured  violet  by  hsematoxylin 
and  red  by  carmine.  These  fibrils  are  unaffected  by  boiling,  but  swell  up  under 
the  action  of  acids  and  alkalies  and  form  the  filaments  of  union  between  adjacent 
cells.  On  account  of  their  presence,  L.  Eanvier  {Com^pt.  rend.,  Paris,  Jan.  1899, 
tome  cxxviii.)  has  named  this  layer  the  stratum  filamentosum.  The  dark  colour 
of  the  negro's  skin  is  caused  by  the  presence  of  numerous  pigment  granules  in  the 
deeper  layers  of  this  stratum  ;  the  pigment — of  which  melanin  forms  an  important 
constituent — is  absent  from  the  more  superficial  layers  of  the  epidermis. 

3.  The  stratum  granulosum,  consisting  of  two  or  three  layers  of  horizontally 
arranged,  flattened  cells,  scattered  around  the  nuclei  of  which  are  elliptical 
or  spherical  granules  of  eleidin,  a  substance  staining  deeply  with  carmine,  and 
probably  representing  an  intermediate  stage  between  the  protoplasm  of  the  deeper 
cells  and  the  keratin  of  the  superficial  layers. 

4.  The  stratum  lucidum,  an  apparently  homogeneous  layer,  but  in  reality  made 
up  of  several  strata  of  flattened  or  irregular  squames,  some  of  which  may  contain 
eleidin  granules. 

5.  The  stratum  corneum,  which  comprises  several  layers  of  flattened,  keratinised 
squames,  from  which  the  nuclei  have  disappeared.  The  superficial  layers  of  this 
stratum  are  constantly  removed  by  friction  and  as  constantly  replaced  by  the 
deeper  cells,  which  undergo  keratinisation  as  they  approach  the  surface. 

L.  Eanvier  (op.  cit.)  lias  pointed  out  that  tlie  stratum  lucidum  is  really  double,  and  has  named 
the  deeper  of  its  two  layers  the  stratum  intermedium ;  this  he  describes  as  consisting  of  two  or 
three  layers  of  clear  cells  with  atrophied  nuclei,  while  in  the  cell- walls  the  epidermic  fibrils  "  are 
rolled  up  like  the  threads  of  a  cocoon."  He  has  also  applied  the  term  stratum  disjunctum  to  the 
partly-detached  cells  on  the  free  surface  of  the  stratum  corneum.  Eanvier  {Arch.  Anat.  Micr. 
1898,  tome  ii.  fasc.  iv.)  has  likewise  shown  that  the  cells  of  the  stratum  corneum  contain  granules 
of  a  fatty  material  having  the  consistency  and  plasticity  of  beeswax. 

Regeneration  of  the  epidermis  is  generally  regarded  as  taking  place  by  cell  proliferation  in 
the  stratum  germinativum,  the  young  cells  gradually  passing  through  the  jjolyhedral  and 
granular  stages,  and  ultimately  becoming  the  horny  squames  of  the  stratum  corneum.  Professor 
Thomson  of  Oxford  considers  that,  although  this  view  meets  all  the  requirements  in  white  races, 
a  difficulty  is  met  with  if  it  is  applied  to  coloured  races,  where  most  pigment  is  found  in  the 
deeper  cells  of  the  stratum  mucosum,  while  the  superficial  layers  are  free  from  colour.  If  the 
deeper  cells  advance  to  the  surface,  it  is  only  reasonable  to  suppose  that  they  would  carry  their 
pigment  with  them.  This  theory,  therefore,  necessitates  a  satisfactory  exjDlanation  of  the 
disappearance  of  the  pigment  from  the  superficial  layers.  He  suggests  that  possibly  the  growth 
of  the  epidermis  is  analagous  to  the  growth  of  the  cork  cambium  of  plants,  the  stratum  mucosum 
corresponding  to  the  green  cells  and  the  stratum  corneum  to  the  corky  layer  of  the  cambium.  If 
such  be  the  case — and  he  insists  that  there  is  much  evidence  in  support  of  it — the  deeper  cells  would 
advance  inwards  towards  the  coriuni  and  the  superficial  cells  would  grow  outwards  towards  the 
surface.  Under  this  view  the  active  layers  would  be  the  stratum  granulosum  and  stratum  lucidum, 
and  by  it  many  of  the  difficulties  would  be  exjilained,  including  the  mysterious  disappearance  of 
the  pigment  from  the  sujjerficial  layers  ;  it  would  also  att'ord  a  reasonable  explanation  of  how  it 
happens  that,  in  old  age,  a  negro's  hair  becomes  white,  while  his  skin  retains  its  blackness. 

Vessels  and  Nerves  of  the  Skin. — The  arteries  form  a  plexus  in  the  sub- 
cutaneous tissue,  from  which  branches  extend  into  the  corium,  where  they  supply 
the  hair  follicles  and  glands  and  form  a  second  plexus  under  the  papillae,  to  which 
small  loops  are  given.  The  veins  and  lymphatics  commence  in  the  papilke,  and, 
after  forming  a  subpapillary  plexus,  open  into  their  respective  subcutaneous 
vessels. 

The  nerves  of  the  skin  vary  in  number  in  different  parts  of  the  body,  being 
extremely  numerous  where  the  sense  of  touch  is  acute,  e.g.  on  the  palmar  aspect 
of  the  terminal  phalanges,  while  in  the  skin  of  the  back,  where  the  sensibility  is 
less,  they  are  fewer  in  number.  They  form  a  plexus  in  the  corium,  and  either 
terminate  amongst  the  cells  of  the  epidermis  or  in  special  end  organs  named 
tactile  corpuscles.    Those  ending  in  the  epidermis  form  a  rich  subepithelial  plexus, 
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from  which  delicate  fibrils  pass  between  the  cells  of  the  rete  mucosum,  where 
they  become  headed,  and  end  in  rounded  swellings  or  flattened  discs — the  tactile 
discs  of  Ranvier. 

The  special  end  organs  are  of  three  chief  varieties  (Fig.  538) :  («)  Corpuscula 
bulboidea  (Krausii),  found  on  the  lips,  glans  penis,  etc.,  and  consisting  of  a  connective 
tissue  capsule  enclosing  a  core  of  elongated  and  polygonal  cells,  amongst  which  the 
axis-cylinder  of  the  nerve  fibril  becomes  branched  and  its  ramifications  end  in  clubbed 
extremities.  (6)  Corpuscula  lamellosa  (Vateri  and  Pacini).  These  are  small,  oval 
l:)odies,  with  a  long  diameter  of  2  to  3  mm.,  and  are  found  in  the  subcutaneous 
tissue  attached  to  the  nerve  trunks.  They  are  very  numerous  on  the  digital 
nerves,  but  are  present  in  many  other  situations,  e.g.  in  the  mesentery.  Each 
possesses  a  sheath,  consisting  of  a  number  of  concenti'ically-arranged  connective 
tissue  lamelhe,  covered  by  endothelium  continuous  with  the  perineurium.  The 
central  part  of  each  corpuscle  consists  of  a  soft,  almost  homogeneous  core.  Tho 

nerve  fibre  passes  along 
the  centre  of  the  stalk  of 
the  corpuscle,  and,  I'each- 
iug  the  core,  loses  its  med- 
ullary sheath,  whilst  its 
axis -cylinder  passes  into 
the  core  and  becomes 
branched  near  its  distal 
extremity,  the  brandies 
ending  in  bulbous  enlarge- 
ments, (c)  Corpuscula 
tactus  (Meissneri).  These 
are  very  numerous  on  the 
flexor  aspect  of  the  hands 
and  feet,  and  especially  so 
in  the  skin  over  the 
terminal  phalanges ;  but 
they  also  exist  in  other 
parts  of  the  body.  They 
occupy  certain  of  the 
papilke  of  the  corium,  and  are  oval  in  shape,  their  long  diameter  in  the  liand 
being  from  110 /a  to  160 They  consist  of  a  connective  tissue  capsule,  which 
sends  imperfect  septa  into  the  interior  5f  the  corpuscle.  One  or  two  nerve  fibres 
perforate  the  capsule,  either  directly  or  after  taking  a  spiral  course  around  it ;  and 
losing,  as  a  general  rule,  their  medullary  sheath,  their  axis-cylinders  break  up  into 
fibrils,  which  end  in  globular  or  discoid  enlargements. 

Ruftiui  has  desciilu'd  a  sjjfcial  variety  of  terminal  corpuscle  in  the  human  finger.  Tliey  ai'e 
termed  Ruffini's  endings,  and  are  situated  either  at  the  junction  of  the  coriiuu  and  suhcutaneous 
tissue,  or  are  endjedded  in  tlie  latter.  Of  an  oval  slia])e,  they  consist  of  a  connective  capsule 
witliin  wliicli  the  axis  cylinder  divides  into  varicose  filaments,  and  these  terminate  in  small 
knobs. 

APPKNDAdES  OF  THE  SkIN. 

The  appendages  of  the  skin  comprise  the  nails,  the  hairs,  the  sebaceous  and 
the  sudoriparous  or  sweat  glands. 

Nails. — The  nails  or  ungues  (Figs.  539,  540)  are  epidermal  structures,  and,  in 
man,  represent  the  hoofs  and  claws  of  the  lower  animals.  Tlie  root  of  the  nail,  or 
radix  unguis,  is  hidden  from  view  and  embedded  in  a  fold  of  skin  ;  the  body  (corpus 
unguis)  or  uncovered  part,  rests  on  the  corium  and  ends  in  a  free  edge  or  uiargo 
liber.  The  greater  part  of  the  lateral  margins  is  overlapped  by  a  duplicature 
of  skin,  termed  the  nail-wall  or  vallum  unguis.  The  nails  are  pink  in  colour,  with 
the  exception  of  a  small  semilunar  area  near  the  root,  which  is  more  opaque  than 
the  rest  and  is  named  the  lunula.  The  luuulae  diminish  in  size  from  the  thuml) 
towards  the  little  finger,  while  the  thickness  of  the  nail  diminishes  towards  its  root 
and  lateral  margins.    Tiie  corium  under  the  nail  is  highly  vascular  and  sensitive, 
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and  presents,  especially  under  the  anterior  part  of  the  body,  numerous  longitudin- 
ally-arranged papillfe.    The  part  of  the  corinm  under  the  body  is  termed  the  nail 


¥ks.  539. — TiiANSvKKSE  Section  op  a  Nail. 

bed ;  that  under  the  root,  the  nail  matrix.  The  deep  part  of  the  nail  consists  of 
the  stratum  germinativum  and  stratum  mucosum,' while  its  superficial  horny  portion 
is  constituted  by  a  greatly  thickened  stratum  lucidum,  and  consists  of  nucleated, 
keratinised  squames.  The  stratum  corneuui  is  represented  by  the  thin  cuticular 
fold  overlapping  the  lunula,  and  termed  the  eponychium,  while  the  stratum  granu- 
losum  can  only  be  traced  as  far  forwards  as  the  nail  root. 


Root  of  nail 


Fig.  .040. — Lonoitudixal  Section  tukouuh  Root  of  Naii,. 

Hairs. — Hairs  (pili)  are  well  developed  on  the  scalp,  pubes,  and  margins  of  the 
eyelids,  in  the  axilla,  the  vestibule  of  the  nose,  and  at  the  entrance  to  the  concha, 
and  also  on  the  face  of  the  male.  Those  on  the  genitals  and  face  appear  about 
puberty.  Piudimentary  over  the  greater  part  of  the  body,  they  are  entirely  absent 
on  the  flexor  surfaces  of  the  hands  and  feet,  over  the  dorsal  aspect  of  the  terminal 
phalanges,  the  glans  penis,  the  inner  surface  of  the  prepuce,  and  inner  aspect  of  the 
labia.  Marked  variations,  individual  and  racial,  exist  as  to  the  colour  of  the  hair, 
and  also  as  to  the  manner  of  its  growth  ;  hence  the  terms  straight,  curly,  woolly, 
etc.,  are  used  to  designate  it.  Straight  hairs  are  coarser  than  curly  ones,  and  have, 
moreover,  a  circular  or  oval  outline  on  transverse  section,  curly  hairs  being  Hat 
and  riband-like. 

The  root  of  the  hair  (radix  pili)  is  embedded  in  a  depression  of  the  skin,  termed 
the  hair  follicle  (Fig.  536) ;  while  the  free  portion  is  named  the  stem  or  shaft,  and 
consists  from  without  inwards  of  three  parts,  viz.  cuticle,  cortex,  and  medulla.  The 
cuticle  is  formed  by  a  layer  of  imbricated  scales  which  overlap  one  another  from 
below  upwards.  The  cortex  consists  of  longitudinally-arranged  fibres  made  up  of 
elongated,  closely-applied,  fusiform  cells,  which  contain  pigment  and  sometimes  air 
spaces,  the  latter  especially  in  white  hairs.  The  medulla.,  absent  from  the  flne 
hairs  of  the  body  generally  and  from  the  hairs  of  young  children,  forms  a  central 
coi^e,  which  appears  black  by  transmitted  and  white  by  reflected  light,  and  is 
composed  of  polyhedral  nucleated  cells  containing  pigment,  fat  granules,  and  air 
spaces. 
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The  hair  follicle  (folliculus  pili)  consists  of  an  oblique  or  curved — the  latter  in 
curly  hairs — invagination  of  the  epidermis  and  corium,  and,  in  the  case  of  large 
hairs,  extends  into  the  subcutaneous  tissue  (Fig.  536) ;  some  little  distance  below  its 
orifice,  the  ducts  of  the  sebaceous  glands  open  into  it.  The  portion  of  the  follicle 
derived  from  the  corium  (dermic  coat)  consists  of  a  fibrous  sheath  of  external  longi- 
tudinal and  internal  circular  connective  tissue  fibres,  the  latter  being  lined  by  a 
hyaline  layer  directly  continuous  with  the  basement  membrane  of  the  corium.  The 
parts  of  the  follicle  derived  from  the  epidermis  are  named  the  inner  and  outer  root 
sheaths.  Below  the  orifices  of  the  sebaceous  gland  ducts  the  outer  root  sheath  is 
formed  by  the  stratum  germinativum  and  stratum  mucosum,  while  above  them  all 
the  epidermal  strata  contribute  to  it.    The  inner  root  sheath  surrounds  the  cuticle 


Fig.  541. — Transverse  Section  of  Hair  Follicle  with  contained  Hair  (highly  magnified). 

of  the  hair,  and  consists  from  without  inwards  of — (a)  Henle's  layer,  a  single  stratum 
of  nucleated,  cubical  cells  ;  (h)  Huxley's  layer,  a  single  or  double  layer  of  polyhedral 
nucleated  cells ;  and  (c)  a  delicate  cuticle,  consisting  of  a  single  layer  of  flattened 
imbricated  cells,  with  atrophied  nuclei.  The  bottom  of  the  hair  folhcle  is  indented 
by  a  vascular  papilla  (papilla  pili),  derived  from  the  corium  and  capped  by  the 
bulb  (bulbus  pili)  or  expanded  part  of  the  hair  root.  The  cells  of  the  bulb  are 
continuous  with  those  of  the  outer  root  sheath,  and  form  the  different  parts  of  the 
hair,  as  well  as  its  inner  root  sheath.  The  vessels  form  capillary  loops  in  the  papilla 
of  the  hair,  and  send  twigs  into  the  outer  layer  of  its  fibrous  sheath ;  the  inner 
and  outer  root  sheaths  and  the  different  parts  of  the  hair  are  non-vascular.  The 
nerves  terminate  in  longitudinal  and  annular  fibrils  below  the  level  of  the  sebaceous 
glands  and  outside  the  hyaline  layer  of  the  follicle. 

Sebaceous  g^lands  (glandulse  sebaceae)  exist  wherever  there  are  hairs,  and  their 
ducts  open  into  the  superficial  part  of  the  hair  follicles  (Fig.  536);  the  number  of 
glands  associated  with  each  follicle  varies  from  one  to  four.  On  the  labia  minora 
and  mammary  areolae  they  open  on  the  surface  of  the  skin  independently  of  hair 
follicles,  and  in  the  latter  situation  undergo  great  enlargement  during  pregnancy. 
The  deep  extremity  of  each  gland  expands  into  a  cluster  of  oval  or  flask-shaped 
alveoli,  which  are  surrounded  by  a  basement  membrane  and  filled  with  polyhedral 
cells  containing  oil  droplets.  By  the  breaking  down  of  the  superficial  cells,  their 
oily  contents  are  liberated  as  the  sehum  cutaneum  and  discharged  into  the  hair 
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follicle,  whilst  the  deeper  cells  undergo  proliferation.  The  size  of  the  gland  bears 
no  proportion  to  that  of  the  hairs,  since  they  are  very  large  in  the  minute  hair 
follicles  of  the  foetus  and  newly  born  child,  and  also  in  the  follicles  of  the  rudimen- 
tary hairs  of  the  nose  and  certain  parts  of  the  face. 

Bundles  of  non-striped  muscular  fibre  are  associated  with  the  hair  follicles,  and 
are  named  the  mm.  arrectores  pilorum.  Attached  to  the  deep  part  of  the  hair  follicle, 
and  forming  with  it  an  acute  angle,  they  pass  outwards  close  to  the  sebaceous 
glands,  to  end  in  the  papillary  layer  of  the  corium.  Situated  on  the  side  of  the 
hair  towards  which  it  slopes,  they,  on  contraction,  diminish  the  obliquity  of 
the  hair  follicle  and  render  the  hair  more  erect,  and,  at  the  same  time,  com- 
press the  sebaceous  glands  and  expel  their  contents.  The  condition  of  "goose- 
skin  "  is  caused  by  the  contraction  of  these  slender  muscles. 

Thomson  suggests  that  the  condition  of  curly  liair  is  produced  hy  the  contraction  of  these 
small  muscles.  Straight  hair  is  thick  and  rounded  ;  curly  hair  is  flat  and  ribbon-like.  When 
the  erector  muscle  contracts,  the  thick  rounded  hair  resists  the  tendency  of  tlie  muscle  to  bend  it, 
while  the  flat  hair,  not  sufficiently  strong  to  resist  the  strain  of  the  muscle,  becomes  bent,  and 
this  is  probably  the  explanation  why  the  follicle  assumes  the  curved  form  cliaracteristic  of  the 
scalp  of  a  bushman.  The  sebaceous  gland  lies  in  the  concavity  of  the  l^end  between  the  follicle 
and  the  muscle,  and  forms  a  mass  of  greater  resistance,  around  which  the  follicle  may  lie  curved 
by  the  contraction  of  the  muscle.  The  cells  at  the  root  of  tlie  hair  accommodate  themselves  to 
the  curved  follicle,  and,  becoming  more  horny  as  they  advance  to  the  surface,  retain  the  form 
of  the  follicle  in  whicli  tliey  are  moulded. 

The  sudoriparous  or  sweat  glands  (glandulse  sudoriferte)  are  relatively  few  in 
number  on  the  back  of  the  trunk,  but  are  very  plentiful  on  the  palms  and  soles, 
where  they  open  on  the  summits  of  the  curved  ridges.  Each  consists  of  an  elongated 
tube,  the  deeper  portion  of  which  forms  its  secretory  part  and  is  coiled  in  the  sub- 
cutaneous tissue  or  deep  part  of  the  corium  in  the  form  of  an  ovoid  or  spherical  ball, 
termed  the  glomerulus  or  corpus  glandulse  sudoriferse  (Fig.  536).  The  superficial  part 
of  the  tube,  or  ductus  sudoriferus,  extends  through  the  corium  and  epidermis,  in 
which  it  is  spirally  coiled,  if  the  epidermis  be  thick,  and  opens  on  the  surface  by  a 
funnel-shaped  orifice,  the  porus  sudoriferus.  The  glomeruli,  as  a  rule,  vary  in 
diameter  from  O'l  to  0-5  mm.,  but  in  the  axillee  they  are  much  larger  and  may 
measure  1-4  mm.  Each  is  surrounded  by  a  capillary  network  and  by  a  capsule  of 
connective  tissue,  inside  which  is  a  homogeneous  basement  membrane.  The  lumen 
of  the  tube  is  lined  by  a  layer  of  nucleated,  granular,  and  striated,  columnar,  or 
prismatic  epithelium,  between  the  deep  extremities  of  which  and  the  basement 
membrane  is  a  layer  of  non-striped  muscular  fibres,  the  long  axis  of  which  is  more 
or  less  parallel  to  the  long  axis  of  the  tube.  The  excretory  ducts  are  devoid  of 
muscular  fibres,  and  consist  of  a  basement  membrane  lined  by  two  or  three  layers 
of  polyhedral  cells,  which  are  covered,  next  the  lumen  of  the  tube,  by  a  thin 
cuticle. 

The  glands  of  Moll  (glandulse  ciliares),  opening  at  the  margins  of  the  eyelids,  and 
the  glandulse  ceruminosse  of  the  external  auditory  meatus,  are  modified  sudoriparous 
glands ;  the  former  are,  however,  not  coiled  up  to  form  glomeruli,  while  the  cell 
protoplasm  of  the  latter  contains  yellowish  pigment,  and  their  gland  ducts,  in  the 
foetus,  open  into  hair  follicles. 

Development  of  the  Skin  and  its  Appendages. 

Skin. — The  vascular  and  sensitive  corium  is  developed  from  the  mesoblast,  the  cells 
of  which,  immediately  underlying  the  epiblast,  have,  by  the  second  month  of  foetal  life, 
become  aggregated  together  and  flattened  parallel  to  the  surface  of  the  embryo.  By  the 
third  month  they  are  seen  to  form  two  layers,  the  superficial  of  which  becomes  the 
corium,  and  the  deeper  the  subcutaneous  tissue.  The  epidermis,  nails,  hairs,  sweat  and 
sebaceous  glands  are  all  of  epiblastic  origin. 

The  epidermis  at  first  consists  of  a  single  layer  of  cells,  but  by  the  end  of  the  second 
month  it  is  duplicated,  and  then  exhibits  a  superficial  layer  of  irregular  and  a  deeper  layer 
of  more  cubical  cells.  By  the  third  month  three  strata  are  seen  :  (a)  a  deep  layer,  con- 
sisting of  a  single  sti'atum  of  cubical  cells — the  future  stratum  germinativum ;  (b)  a 
middle  layer,  comprising  two  or  three  strata  of  irregular  cells — the  future  stratum 
mucosum ;  and  (c)  an  outer  layer,  a  double  stratum  of  large  cells.    This  outer  layer 
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appears  to  bu  lioinologous  with  a  thin  incmbi-aiie,  termed  the  cjiitrkhiuin,  first  described 
;is  covering  the  embryo  of  the  sloth  and  overlying  its  hairs,  but  since  shown  to  be  present 
in  birds  and  mammals.  Over  the  hairy  jjarts  of  the  body  it  ultimately  disappears;  but 
over  the  free  edge  and  rf)ot  of  the  nails,  and  on  the  palms  and  soles,  it  develoj)s  into  several 
layers  of  cells,  which,  in  these  parts,  probably  j)ersist  to  form  the  thick  stratum  corneum. 
The  part  which  persists  over  the  root  of  the  nail  is  termed  the  eponychium,  and  covers 
the  proximal  part  of  the  lunula  i^tnch  p.  731).  The  stratum  lucidum  is  differentiated  from 
the  cells  of  the  epitrichium,  and,  where  the  latter  is  lost,  possibly  forms  the  superficial 
layer  of  the  epidermis  as  it  does  the  horny  part  of  the  nails. 

Nails. — The  first  rudiment  of  the  uails  is  seen  about  the  beginning  of  the  third 
month  of  enibiyonic  life,  and  consists  of  a  thickening  of  the  epitrichium  over  the  extremity 
of  the  digits.  Owing  to  the  growth  of  the  palmar  aspect  of  the  digits,  the  nail  rudiment 
comes  to  be  placed  dorsally,  and,  at  its  proximal  edge,  an  ingrowth  of  the  stratum 
mucosum  occurs  to  form  its  root,  while  the  future  nail  becomes  limited  behind  and  later- 
ally by  a  groove.  The  superficial  cells  of  the  stratum  mucosum  become  keratinised  to 
form  a  thick  stratum  lucidum,  the  future  nail  proper,  over  the  greater  part  of  which  the 
epitrichium  disappears.  The  latter  persists  in  the  adult  as  the  eponychium,  and,  until  the 
fifth  month,  also  forms  a  thick  mass  over  the  extremity  of  the  nail,  and  is  continued  into  the 
stratum  corneum  over  the  end  of  the  digit.  The  future  distal  edge  of  the  nail,  at  this  stage, 
is  continuous  with  the  stratum  lucidum  in  front  of  it ;  but  ultimately  this  continuity  is 
lost  and  the  edge  becomes  free.  The  nails  grow  in  length,  and  are  renewed,  in  case  of 
removal,  by  a  proliferation  of  the  cells  of  the  stratum  mucosmu  at  the  root  of  the  nail, 
while  an  increase  in  their  thickness  takes  place  from  the  part  of  the  same  stratum  which 
underlies  the  luntda. 

HairS- — Tiie  hair  rudiments  appear  about  the  third  month  of  embryonic  life  as  solid 
downgi-owths  of  the  stratum  mucosum,  which  pass  obliquely  into  the  subjacent  corium. 
The  deep  end  of  this  column  of  cells  becomes  expanded  to  form  the  hair  bulb,  and  rests 
on  a  papilla  derived  from  the  corium,  the  epidermis  immediately  overlying  which  becomes 
differentiated  into  the  hair  and  its  inner  root  sheath,  while  the  peripheral  cells  form  its 
outer  root  sheath.  The  surrounding  corium  becomes  condensed  to  form  the  fibrous  sheath 
of  the  hair  follicle,  the  hyaline  layer  of  which  is  continuous  with  the  basement  membrane 
covering  the  corium.  The  hair  gradually  elongates,  and,  reaching  the  neck  of  the  follicle, 
its  extremity  lies  at  first  luider  the  epitrichium,  but  becomes  free  on  the  disappearance  of 
the  latter.  This  takes  place  about  the  fifth  month,  and  the  first  crop  of  hairs  constitutes 
the  lamu/o,  which  is  well  developed  by  the  seventh  month.  The  lanugo  consists  of  very 
delicate  hairs,  some  of  which  are  shed  before,  the  remainder  shortly  after  birth — the  last 
to  drop  out  being  those  of  the  eyelashes  and  scalp — and  are  replaced  by  stronger  hairs. 
Shedding  and  renewal  of  the  hairs  take  place  dui'ing  life,  the  renewal  being  of  course  absent 
in  the  case  of  baldness.  Prior  to  the  shedding  of  a  hair,  active  growth  and  proliferation 
of  the  cells  of  the  hair  bulb  cease  and  the  papilla  becomes  atrophied,  while  the  hair  root, 
gradually  approaching  the  surface,  at  last  drops  out.  New  hairs  arise  from  epidermic 
buds,  which  extend  downwards  from  the  follicle,  and  their  development  is  identical  with 
that  of  the  original  bail's. 

Sebaceous  Glands. — These  appear  about  the  fifth  month  as  solid  outgrowths  from 
the  sides  of  the  hair  follicles,  and  consist  of  epidermal  offshoots  continued  from  the  cells 
of  the  outer  root  sheath.  Their  deep  ends  become  enlarged  and  lobulated,  to  form  the 
secreting  part  of  the  gland,  while  the  narrow  neck  connecting  this  with  the  follicle  forms 
its  duct.  The  sebaceous  secretion,  together  with  the  cast-off  epidermal  cells,  is  collected 
on  the  surface  of  the  body  during  the  last  months  of  intrauterine  life,  and  forms  a  layer 
of  varying  thickness,  termed  the  vernix  caseosa  or  smegma  emhryonum. 

Sweat  Glands. — These,  like  the  hairs,  arise  as  solid  downgrowths  of  the  stratum 
mucosum.  They  descend,  however,  perpendicularly,  instead  of  obliquely,  and  are  of  a 
yellowish  colour;  they  appear  on  the  palms  and  soles  early  in  the  fifth  month,  but  much 
later  over  the  hairy  parts  of  the  body.  The  downgrowths  extend  through  the  corium,  and, 
on  reaching  the  subcutaneous  tissue,  become  coiled  up  to  form  the  secreting  part  of  the 
gland.    The  lumen  of  the  gland  does  not  open  on  the  surface  until  the  seventh  month. 
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By  Alfred  H.  Young  and  Arthur  Kobinson. 

The  vascular  system  consists  of  a  series  of  tubular  vessels,  with  more  or  less 
distinct  walls,  which  run  through  all  parts  of  the  body.  Some  contain  blood,  others 
are  filled  with  a  colourless  fluid  called  lymph ;  hence  the  distinction  between  the 
blood- vascular  system  and  the  lymph-vascular  system.  The  two  systems  differ,  not 
only  as  regards  their  contents,  but  also  in  their  relations  to  the  tissues  amongst 
which  they  lie ;  for  whilst  the  vessels  of  the  former  system  are  closed,  those  of  the 
latter  communicate  freely  with  intercellular  spaces  and  serous  sacs. 

The  blood-vascular  system  is  tubular  throughout;  the  tubes  or  vessels  possess 
distinct  walls ;  they  vary  in  size  and  in  the  structure  of  their  walls,  but  all  con- 
tain blood,  which  is  conveyed  through  them  to  and  from  the  tissue  elements  of  the 
body.  The  blood  is  propelled  along  the  vessels  chiefly  hy  a  central  propulsive 
organ — the  heart.  The  outgoing  vessels  from  the  heart,  along  which  blood  is 
transmitted  to  the  tissues,  are  termed  arteries ;  the  vessels  which  return  blood  from 
the  tissues  to  the  heart  are  known  as  veins  ;  whilst  the  smallest  tubes — those  which 
connect  the  arteries  and  veins  together,  constituting  at  once  the  terminations  of 
the  arteries  and  the  commencements  of  the  veins — are  called  capillaries. 

Blood  capillaries  are  very  small  (hair-like)  vessels  with  exceedingly  thin  walls, 
which  permit  of  the  easy  passage  outwards  of  the  nutritive  plasma  from  the  blood 
to  the  tissues,  and,  in  the  opposite  direction,  of  some  of  the  products  of  tissue  changes 
as  well  as  of  modified  food  material  from  the  alimentary  canal. 

Arteries  and  veins  are  simply  conducting  passages ;  structurally  they  differ 
from  capillaries  in  the  greater  complexity  of  their  walls.  They  vary  greatly  in  size, 
but  are  always  larger  than  capillaries,  and  they  grow  larger  and  larger  the  nearer 
they  are  to  the  heart.  With  increase  in  size  there  is  a  corresponding  increase  in 
the  thickness  and  complexity  of  their  walls. 

Structure  of  Blood  Capillaries. — Capillaries  measure  from  aTnro  to  o-ow  of  9,n 
inch  in  diameter,  and  about  to  of  an  inch  in  length.  Their  walls  are 
simple,  and,  in  the  smallest  capillaries,  consist  principally  of  elongated  elastic  endo- 
thelial cells,  with  sinuous  edges,  pointed  extremities,  and  oval  nuclei.  The  cells  are 
cemented  to  one  another  along  their  margins  by  intercellular  cement,  which  readily 
stains  with  nitrate  of  silver.  Here  and  there  the  cement  substance  appears  to  accu- 
mulate, forming  minute  spots  indicative  of  the  less  perfect  apposition  of  the  edges 
of  the  cells.  These  spots,  when  small,  form  the  so-called  stigmata ;  when  larger 
they  are  known  as  stomata. 

The  larger  capillaries  are  invested  by  a  connective  tissue  sheath  consisting  of 
branched  cells  which  are  united  together  and  to  the  endothelial  cells  of  the  capillary 
wall.    This  sheath  is  termed  the  adventitia  capillaris. 

Capillaries  are  arranged  in  networks,  the  nature  and  character  of  which  differ 
in  different  tissues.  The  small  arteries  which  end  in  them  are  known  as  capillary 
arterioles,  and  the  venous  radicles  which  commence  from  them  are  appropriately 
termed  capillary  veins. 

Structure  of  arteries  and  veins. — The  delicate  elastic  endothelial  memliraue 
forming  the  wall  of  the  simplest  capillaries  extends  as  a  continuous  lining  through- 
out the  whole  of  the  blood-vascular  system.    The  constituent  cells  are  fusiform, 
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narrow  and  pointed  in  the  arteries,  whilst  in  the  veins  they  are  somewhat  shorter 
and  broader. 

The  most  essential  structural  difference  between  capillaries  and  the  arteries  and 
veins  which  they  \mite  together,  is  to  be  found  in  the  presence,  in  lioth  of  the  latter, 

of  involuntary  muscular  filires  inter- 
posed between  the  endothelial  lining 
and  the  outer  connective  tissue 
sheath.  In  small  vessels,  e.g.  capil- 
lary arterioles,  the  muscle  cells  are 
few  in  number  and  more  or  less 
scattered.  In  larger  vessels  the 
walls  become  stronger  and  thicker, 
muscular  fibres  increase  and  form 
a  continuous  layer,  whilst  yellow 
elastic  and  ordinary  white  connec- 
varying  proportions.  The  walls  of  the  vessels  thus 
)e  distinguished  ;  these,  however. 


'J\  externa 


T.  media 
T.  intima 


Fig.  542. — Structure  op  Blood  VESSEL^s  (Diagrammatic.) 

Ai,  Capillary — with  simple  endothelial  walls.  A'-,  Larger  capillary 
— with  connective  tissue  sheath,  "adventitia  capillaris.  '  B, 
Capillary  arteriole — showing  muscle  cells  of  middle  coat,  few 
and  scattered.  C,  Artery — muscular  elements  of  the  tunica 
media  forming  a  continuous  layer. 


tive  tissue  are  added  in 

become  more  complex,  and  numerous  strata  may 
are  for  ccnivenience  regarded  as  forming  three  layers,  which  are  known  as  the  inner, 
middle,  and  outer  coats,  superadded  to  which  is  the  investing  common  sheath. 

Structure  of  Arteries. — The  walls  of  arteries  are  stronger  and  thicker  than  those 
of  veins  of  corresponding  size,  the  inner  and  middle  coats  being  respectively  par- 
ticularly rich  in  elastic  and  muscular  elements. 

Inner  coat  (tunica  intima). — The  simple  endothelial  layer  of  tlie  arterioles  is 
strengthened  I)y  the  addition  of  yellow  elastic  tissue,  which  usually  forms  a  fene- 
strated memljrane,  but  sometimes  consists  of  longi- 
tudinal fibrils.  In  arteries  of  medium  size  the 
elastic  lamina  is  separated  from  the  endothelium 
a  laver  of  connective 


tissue  consisting  of  bi'anchetl 
cells  and  numerous  hbrils.  In  the  larger  arteries 
the  sub-endothelial  connective  tissue  is  considerably 
increased,  and  delicate  elastic  fibres. appear  which 
connect  it  with  the  more  externally  situated  fene- 
strated elastic  layer. 

The  middle  coat  (tunica  media)  in  the  capil- 
lary arterioles  consists  solely  of  scattered  unstriped 
muscle  fibres ;  the  individual  fil^res  are  circularl} 
disposed,  but  do  not  entirely  surround  the  vessel. 
In  small  arteries  the  muscle  cells  are  so  far  increased 
in  amount  that  they  form  a  continuous  though  thin 
layer.  As  the  arteries  increase  in  size  additional 
layers  of  muscle  cells  are  added,  and  the  greater 
thickness  of  the  arterial  wall  is  maiidy  due  to  this 
increase  of  the  muscular  elements  of  the  middle  coat. 
In  the  larger  vessels  delicate  laminae  of  elastic  tissue 
alternate  with  the  layers  of  muscular  fibres,  and  in 
the  aorta  and  the  carotid  arteries,  as  well  as  in  some  of 
the  branches  of  the  latter,  the  elastic  elements  largely 
preponderate.  In  the  first  part  of  the  aorta,  in  the 
puhnonary  artery,  and  in  the  arteries  of  the  retina,  the 
muscular  fibres  are  entirely  replaced  by  elastic  tissue. 

The  external  coat  (tunica  externa)  of  an  artery 
consists  almost  entirely  of  fibrillated  connective  tissue 
corpuscles  lying  in  corresponding  spaces.    In  all 
elastic  filjres  are  als(j  present 


Fig.  543. — Transverse  Section 

THROUGH  THE  WALL  OF   A  LaRGE 

Artery. 

A,  Tunica  intima.    B,  Tunica  media. 
C,  Tunica  externa. 


with  connective  tissue 
lut  the  smallest  arteries  numerous 
The  elastic  element  is  specially  strong  near  the 
middle  coat  in  small  and  medium-sized  vessels,  and  is  sometimes  described  as  the 
external  elastic  membrane  of  Henle.  In  some  arteries  longitudinally  arranged 
unstriped  muscular  fibres  are  also  found  in  the  external  coat. 

The  sheath  of  an  artery  (vagina  vasis). — In  addition  to  the  three  coats 
above  described,  arteries  are  enclosed  in  a  sheath  of  the  surrounding  connective 
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tissue,  aud  are  more  or  less  connected  with  it  by  fine  strands  of  fibrillated  con- 
nective tissue. 

Structure  of  veins. — The  walls  of  veins  are  similar  in  structure  to  those 
of  arteries;  they  are,  however,  thinner,  so  much  so  that,  although  veins  are 
cylindrical  tubes  when  full  of  blood,  they  collapse  when  empty  and  their  lumina 
almost  disappear.  The  structural  details  of  the  three  coats  vary  somewhat  in 
different  veins ;  in  most  the  inner  coat  is  marked  by  folds  which  constitute  valves. 
Like  the  arteries,  the  veins  are  enclosed  in  connective  tissue  sheaths. 

The  inner  coat  (tunica  intima). — In  the  majority  of  the  veins  the  inner  coat 
includes  an  internal  endothelial  layer,  a  middle  layer  of  sub-endothelial  connective 
tissue,  and  an  outer  layer  of  elastic  tissue.  The 
inner  coat  of  a  vein  is  less  brittle  than  the  inner 
coat  of  an  artery,  and  is  more  easily  peeled  off  from 
the  middle  coat.  The  sub-endothehal  tissue  is  a 
fine  fibriUated  connective  tissue,  less  abundant  than 
in  the  arteries,  and  indeed  in  many  cases  it  is  absent. 
The  elastic  layer  consists  of  lamellae  of  elastic  fibres 
which  are  arranged  longitudinally,  and  it  rarely 
forms  a  fenestrated  membrane. 

One  of  the  chief  peculiarities  of  the  inner  coat 
is  the  presence  of  folds  of  its  substance  which  con- 
stitute valves.  The  valves  are  of  semilunar  shape, 
and  they  are  usually  arranged  in  pairs.  Their  convex 
borders  are  continuous  with  the  vessel  wall,  and  their 
free  borders  are  turned  towards  the  heart';  whilst, 
therefore,  they  do  not  interfere  with  the  free  flow 
of  blood  onwards,  they  prevent  any  backward  flow 
towards  the  periphery,  and  they  help  to  sustain  the 
column  of  blood  in  all  vessels  in  which  there  is  an 
upward  flow.  Each  valve  consists  of  a  fold  of  the 
inner  or  endothehal  layer,  strengthened  by  a  little  connective  tissue.  As  a  general 
rule,  the  waU  of  the  vein  is  dilated  above  each  valve  into  a  shallow  pouch  or  sinus ; 
consequently,  when  the  veins  are  distended  they  assume  a  nodulated  appearance. 

The  middle  coat  (tunica  media)  is  much  thinner  than  the  corresponding  coat 
of  an  artery,  and  it  contains  a  smaller  amount  of  muscular  and  a  larger  amount 
of  ordinary  connective  tissue ;  indeed,  so  much  does  the  latter  preponderate  that  it 
separates  the  muscular  fibres  into  a  number  of  bands  isolated  from  each  other  by 
strands  of  connective  tissue,  and  the  muscle  fibres  do  not  form  a  continuous  layer. 
In  some  of  the  veins  the  more  internal  muscular  fibres  do  not  retain  the  transverse 
■direction  which  is  usually  met  with  both  in  arteries  and  veins ;  on  the  contrary, 
they  run  longitudinally.  This  condition  is  met  with  in  the  branches  of  the 
mesenteric  veins,  in  the  femoral  and  iliac  veins,  and  in  the  umbilical  veins.  The 
middle  coat  is  absent  in  the  thoracic  part  of  the  inferior  vena  cava ;  it  is  but 
slightly  developed  in  many  of  the  larger  veins,  whilst  in  the  jugular  veins  its 
muscular  tissue  is  very  smaU  in  amount. 

The  external  coat  (tunica  externa). — This  coat  consists  of  white  fibrous  and 
elastic  tissue.  In  many  of  the  larger  veins  a  considerable  amount  of  muscular 
tissue  is  also  present ;  this  is  the  case  in  the  iliac  and  axiUary  veins,  the 
abdominal  part  of  the  inferior  vena  cava,  the  azygos  veins,  and  in  the  renal, 
spermatic,  splenic,  superior  mesenteric,  portal,  and  hepatic  veins.  The  external 
coat  is  frequently  thicker  than  the  middle  coat,  and  the  two  are  not  easily  separ- 
able from  one  another. 

Vascular  and  Nervous  Supply  of  arteries  and  veins. — Blood-vessels. — The 
walls  of  the  blood-vessels  are  supplied  by  numerous  small  arteries,  called  vasa 
vasorum,  which  are  distributed  to  the  outer  and  middle  coats.  They  arise  either 
from  the  vessels  they  supply  or  from  adjacent  trunks,  and  after  a  short  course  enter 
the  walls  of  the  vessels  in  which  they  end.  The  blood  is  returned  by  corre- 
spondingly smaU  veins. 

Lymphatics. — Although  the  cell  spaces  in  the  middle  and  inner  coats  may  be 
47 


Fig.  544. — Transverse  Section  op 
THE  Wall  of  a  Vein. 

A,  Tunica  intima.    B,  Tunica  media. 
C,  Tunica  externa. 
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regarded  as  the  commencement  of  lymphatics,  definite  lymphatic  vessels  are  limited 
to  the  outer  coat. 

Nerves.- — Arteries  and  veins  are  well  supplied  with  both  medullated  and  non- 
medullated  nerve  fibres.  The  fibres  form  dense  plexuses  on  the  outer  surfaces  of  the 
vessels,  from  which  filaments  pass  to  the  middle  coat  to  be  distributed  almost 
entirely  to  its  miiscular  fibres. 

Divisions  of  the  blood -vascular  system. — Blood-vessels  convey  blood  to  or 
from  the  tissues  of  the  body  generally,  or  to  and  from  the  lungs.  The  former  con- 
stitute the  systemic  vessels  or  general  system  ;  the  latter  form  the  pulmonary  system. 
These  two  systems  are  connected  together  by  the  heart. 

The  venous  trunks  passing  to  the  liver  form  a  subsidiary  part  of  the  general 
systemic  group  of  vessels,  which  is  known  as  the  portal  system. 


THE  HEART. 

The  heart  (cor)  is  a  hollow  muscular  organ,  and  is  enclosed  in  a  fibro-serous  sac 
known  as  the  pericardium.  It  receives  blood  from  the  veins,  and  propels  it  into 
and  along  the  arteries.  The  cavity  of  the  fully-developed  heart  is  completely 
separated  into  right  and  left  halves  by  an  obhquely-placed  longitudinal  septum,  and 
each  half  is  divided  into  an  upper  receiving  chamber,  the  auricle,  and  a  lower 
ejecting  chamber,  the  ventricle.  The  separation  of  the  auricle  from  the  ventricle, 
however,  is  not  complete.  Externally  a  comparatively  shallow  constriction, 
running  transversely  to  the  long  ax,is  of  the  organ,  indicates  the  distinction 
between  the  auricles  and  ventricles ;  internally  a  wide  aperture  is  left  between  the 
auricle  and  ventricle  of  each  side.  Each  auriculo-ventricular  aperture  is  provided 
with  a  valve  which  allows  the  free  passage  of  blood  from  the  auricle  to  the 
ventricle,  l)ut  effectually  prevents  its  return. 

It  lias  already  been  pointed  out  that  the  delicate  walls  of  the  blood  capillaries  allow  of  the  free 
passage  outwards  of  nutritive  plasma  from  the  blood.  It  passes  into  spaces,  or  intercellular 
channels,  in  which  the  tissue  elements  lie ;  thus  the  latter  are  directly  bathed  in  blood  plasma.  The 
intercellular  sjiaces  form  the  commencement  of  the  lymjjh-vascular  system.  They  communicate 
together,  and  open  into  lymph -vessels  which  carry  the  used  j)lasma  back  to  the  blood-vascular 
system,  but  in  addition  they  also  convey  new  nutritive  material,  the  product  of  digestive  pro- 
cesses, from  the  alimentary  canal. 

Lymph -vessels,  in  other  words,  convey  material  from  the  tissues.  Blood-vessels  convey 
material  both  to  and  from  the  tissues. 

The  removal  of  waste  products  from  the  blood  is  provided  for  by  special  organs,  some  of  which 
are  simply  interposed  in  the  course  of  the  general  circulation — e.rj.  the  liver,  the  kidneys,  and  the 
skin.  The  lungs,  however,  wliere  the  impure  or  venous  blood  receives  its  main  supply  of  oxygen 
and  gives  up  most  of  its  carbonic  oxide,  etc.,  do  not  lie  in  the  course  of  the  general  or  systemic 
circulation,  and  a  secondary  or  pulmonary  circulation  is  established,  by  which  venous  blood  is 
conveyed  from  the  heart  to  the  lungs  by  tlie  pulmonary  artery  and  its  branches,  and,  after  passing 
through  the  pulmonary  capillaries,  is  returned  again  to  the  heart,  as  pure  arterial  blood,  by  the 
pulmonary  veins. 

The  heart,  anatomically  a  single  organ,  is  correspondingly  modified,  and,  as  described  above, 
it  is  div  ided  into  a  left  part,  the  systemic  heart,  and  a  right  part,  the  pulmonary  heart.  It 
receives  on  its  right  side  the  blood  from  the  systemic  veins,  which  it  ejects  into  the  jjulmonary 
artery ;  whilst  on  its  left  side  it  receives  blood  from  the  pulmonary  veins,  and  ejects  it  into  the 
main  systemic  artery — the  aorta. 

The  shape  of  the  heart  is  that  of  an  irregular  and  somewhat  flattened  cone  ;  and 
a  base,  an  apex,  two  surfaces  (inferior  and  antero-superior),  and  two  borders  (right 
and  left)  are  distinguishable. 

An  oblique  groove — the  auriculo-ventricular  groove  (sulcus  coronarius) — runs 
transversely  to  the  long  axis  of  the  organ,  and  separates  the  upper  auricular 
portion  from  the  lower  ventricular  part.  The  separation  of  tlie  auricular  portion 
into  right  and  left  chambers  is  only  marked  externally  at  the  base  of  the  heart, 
where  an  indistinct  interauricular  groove  exists.  The  division  of  the  lower  part 
into  right  and  left  ventricles  is  more  definitely  marked  on  the  surface  by  anterior 
and  inferior  interventricular  sulci  (sulci  longitudinales). 

Enclosed  in  the  pericardium,  which  accordingly  intervenes  between  it  and  the 
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neighbouring  structures,  the  heart  lies  in  the  middle  mediastinum,  and  rests  below 
on  the  diaphragm.  Its  long  axis,  from  base  to  apex,  runs  obliquely  from  behind 
forwards,  downwards,  and  to  the  left. 

The  iase  (basis  cordis),  formed  entirely  by  the  auricles,  and  almost  entirely  by 
the  left  auricle,  is  directed  upwards,  backwards,  and  to  the  right.  It  lies  in  front 
of  the  descending  thoracic  aorta,  the  cesophagus,  and  the  lower  right  pulmonary 
vein,  which  separate  it  from  the  bodies  of  the  fifth,  sixth,  seventh,  and  eighth 
dorsal  vertebrae. 

On  the  whole  the  base  is  somewhat  flattened,  and  it  is  irregularly  quadrilateral 
in  form.  It  presents  the  orifices  of  the  superior  and  inferior  venae  cavae  and  the  four 
puhnonary  veins.  The  opening  of  the  superior  vena  cava  is  situated  at  the  upper 
right  angle,  that  of  the  inferior  cava  occupies  the  lower  angle  on  the  right  side ; 


Ligameiitum  arteriosum  Aorta 


Coronary  sinus 

Fig.  545. — The  Base  and  Inferior  Surface  of  the  Heart,  showing  the  openings  of  the  great  vessels 
and  the  line  of  reflection  of  the  serous  pericardium. 

between  these  are  the  orifices  of  the  two  right  pulmonary  veins,  and  immediately 
to  the  right  of  the  latter  is  the  indistinct  posterior  interauricular  sulcus,  whiclr 
descends  to  the  left  of  the  oriilce  of  the  inferior  vena  cava.  The  openings  of  the 
two  left  pulmonary  veins  are  situated  near  the  left  border  of  the  base ;  and  the 
portion  of  the  surface  which  hes  between  the  right  and  left  pulmonary  veins 
forms  the  anterior  boundary  of  the  great  oblique  sinus  of  the  pericardium. 

The  base  is  hmited  below  by  the  lower  part  of  the  auriculo-ventricular  groove, 
in  which  the  coronary  sinus  hes ;  its  upper  border  is  in  relation  with  the  bifur- 
cation of  the  pulmonary  artery.  A  fold  of  pericardium,  the  vestigial  fold  of 
Marshall  (ligamentum  v.  cavae  sinistrae)  descends,  near  the  left  border  of  the  base, 
from  the  left  branch  of  the  pulmonary  artery  above  to  the  left  superior  pulmonary 
vein  below ;  and  from  the  lower  end  of  this  fold,  crossing  obliquely  below  the  left 
pulmonary  vein  to  reach  the  coronary  sinus,  is  the  small  oblique  vein  of  Marshall 
(v.  obliqua  atrii  sinistri  [Marshalh]).  Further,  it  is  from  the  base  that  the 
visceral  layer  of  the  pericardium  which  elsewhere  completely  invests  the  heart 
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is  reflected,  the  lines  of  reflection  corresponding  with  the  orifices  of  the  great 
vessels.  1 

The  a'pex  (apex  cordis),  bluntly  rounded,  is  formed  entirely  by  the  left  ventricle. 
It  is  directed  downwards,  forwards,  and  to  the  left,  and  is  situated,  under  cover 
of  the  anterior  border  of  the  left  lung  and  pleura,  behind  the  fifth  left  intercostal 
space,  three  and  a-quarter  inches  from  the  anterior  mesial  line. 

The  inferior  surface  (facies  diaphragmatica)  is  formed  by  the  ventricular  part 
of  the  heart.  It  rests  upon  the  diaphragm,  chiefly  on  the  central  tendon,  but,  upon 
the  left  side,  on  a  small  portion  of  the  muscular  substance  also,  and  it  is  divided 
into  two  areas — a  smaller  to  the  right  side  and  a  larger  to  the  left  side — by  ^n 
obHque  antero-posterior  groove,  the  inferior  interventricular  sulcus.  It  is  separated 
from  the  base  by  the  posterior  or  inferior  portion  of  the  auriculo-ventricular  sulcus. 

The  antero  -  superior  surface  (facies  sterno  -  costalis)  is  directed  upwards,  for- 


FiG.  546. — The  Antero-Supekior  Surface  op  the  He.\rt. 


wards,  and  to  the  left.  It  lies  behind  the  body  of  the  sternum  and  the  inner 
extremities  of  the  cartilages  of  the  third,  fourth,  fiftn,  and  sixth  ribs  on  the  right 
side,  and  a  greater  extent  of  the  corresponding  cartilages  on  the  left  side. 
This  surface  is  separated  into  upper  and  lower  sections  by  the  anterior  portion 
of  the  auriculo  -  ventricular  groove,  which  runs  obliquely  from  above  down- 
wards, and  from  left  to  right,  from  the  level  of  the  third  left  to  that  of  the  sixth 
right  costal  cartilage.  The  upper  section  of  the  surface,  which  is  concave,  is  formed 
by  the  auricles ;  it  is  separated  from  the  sternum  by  the  roots  of  the  aorta  and  the 
pulmonary  artery,  and  is  continuous  laterally  with  the  auricular  appendices  which, 
projecting  forwards  embrace  these  great  vessels.  The  lower  section  of  the  antero- 
superior  surface  is  convex ;  it  is  formed  by  the  ventricular  part  of  the  heart,  and  is 
divided  by  an  anterior  interventricular  sulcus  into  a  smaller  left  and  a  larger  right 

'  In  tlic  fcetus  and  young  child  the  auricular  portion  of  the  heart  forms  not  only  the  base,  but  also  tlie 
posterior  part  of  the  inferior  or  diaphragmatic  surface. 
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part.  At  the  junction  of  the  auricular  and  ventricular  parts  of  this  surface  are 
the  orifices  of  the  puhnonary  artery  and  the  aorta,  the  former  lying  in  front  of 
the  latter. 

The  right  margin  of  the  heart  consists  of  an  upper  auricular  part  and 
a  lower  ventricular  part.  The  former  is  almost  vertical ;  it  lies  behind 
the  cartilages  of  the  third,  fourth,  fifth,  and  sixth  ribs  on  the  right  side 
about  half  an  inch  from  the  margin 
of  the  sternum ;  it  is  in  relation  with 
the  right  pleura  and  lung,  the  phrenic 
nerve  with  its  accompanying  vessels 
intervening,  and  it  is  marked  by  a 
shallow  groove — the  sulcus  terminahs 
— which  passes  from  the  front  of  the 
superior  vena  cava  to  the  left  of  the 
inferior  vena  cava.  The  lower  part 
of  the  right  margin  (margo  acutus) 
is  sharp,  thin,  and  usually  concave, 
corresponding  with  the  curvature  of 
the  anterior  part  of  the  diaphragm : 
it  is  formed  by  the  right  ventricle, 
and  it  Kes  almost  horizontally  in  the 
angle  between  the  diaphragm  and  the 
anterior  wall  of  the  thorax,  passing 
from  the  sixth  right  costal  cartilage 
behind  the  lower  part  of  the  body  of 
the  sternum,  or  the  ensiform  cartilage, 
and  behind  the  cartilages  of  the  sixth 
and  seventh  ribs  on  the  left  side  to 
the  apex  of  the  heart. 

The  left  margin  (margo  obtusus) 
is  formed  mainly  by  the  left  ventricle, 
and  only  to  a  small  extent  by  the  left  auricle.  It  is  thick  and  rounded.  It  lies  in 
relation  with  the  left  pleura  and  lung,  the  phrenic  nerve  and  its  accompanying 
vessels  intervening,  and  it  passes  from  just  above  the  third  left  costal  cartilage,  about 
an  inch  from  the  sternum,  to  the  apex  of  the  heart,  descending  obhquely  and  with 
a  convexity  to  the  left. 


Fig. 


547. — The  Relation  op  the  Heart  to  the 
Anterior  Wall  op  the  Thorax. 


I,  II,  III,  IV,  V,  VI,  file  upper  six  costal  cartilages. 
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Auricles  (auricula  cordis).  —  The  auricular  or  basal  portion  of  the  heart  is 
cuboidal  in  form.  Its  long  axis,  which  lies  transversely,  is  curved,  with  the  con- 
cavity of  the  curve  forwards.  It  is  divided  into  two  chambers- — the  right  and 
left  auricles — by  a  septum  which  runs  from  the  front  backwards  and  to  the  right, 
so  obliquely  that  the  right  auricle  lies  in  front  and  to  the  right,  and  the  left  auricle 
behind  and  to  the  left. 

Each  auricle  is  also  somewhat  cuboidal  in  form,  the  long;  axis  of  the  right 
auricle,  however,  being  directed  antero-posteriorly,  whilst  that  of  the  left  auricle 
lies  vertically,  and  each  chamber  possesses  a  well-marked,  ear -shaped,  forward 
prolongation,  which  projects  from  the  anterior  and  upper  angle  and  is  known  as 
the  auricular  appendix. 

The  right  auricle  (atrium  dextrum)  receives,  posteriorly,  the  superior  vena  cava 
above  and  the  inferior  vena  cava  below.  Between  these,  and  a  Little  above  its 
middle,  it  is  crossed  posteriorly  by  the  lower  right  puhnonary  vein.  It  is  continuous 
below  and  in  front  with  the  right  ventricle  at  the  auriculo- ventricular  aperture. 
Above  and  in  front  it  is  in  relation  with  the  ascending  aorta,  and  from  the  junc- 
tion of  this  aspect  with  the  right  lateral  boundary  the  right  auricular  appendix 
is  prolonged  forwards.  On  the  right  side  it  forms  the  upper  portion  of  the  right 
margin  of  the  heart,  and  is  in  relation  with  the  right  phrenic  nerve  and  its  accom- 
panying vessels,  and  with  the  right  pleura  and  lung,  the  pericardium  intervening. 
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Ou  the  left  the  auricle  is  limited  by  the  oblique  septum  which  separates  it  from 
the  left  auricle.  The  sulcus  terminalis  is  a  shallow  groove  on  the  surface  of  the 
right  auricle,  which  passes  from  the  front  of  the  superior  vena  cava  to  the  left  of  the 
inferior  vena  cava,  and  indicates  the  junction  of  the  primitive  sinus  venosus  with 
the  auricle  proper. 

The  interior  of  the  auricle  is  lined  with  a  glistening  membrane,  the  endocardium  ; 
its  walls  are  smooth,  except  anteriorly  and  in  the  auricular  appendix  where 
muscular  bundles  form  a  series  of  small  vertical  columns,  the  musculi  pectinati.  These 
terminate  above  in  a  crest,  the  crista  terminalis,  which  corresponds  in  position  with 
the  sulcus  terminalis  externally. 

At  the  upper  and  back  part  of  the  cavity  is  the  opening  of  the  superior  vena 
cava,  devoid  of  a  valve.  At  the  lower  and  back  part  is  the  orifice  of  the  inferior 
vena  cava,  bounded  in  front  by  the  rudimentary  Ev:stachian  valve ;  and  immedi- 
ately below  the  Eustachian  valve,  between  it  and  the  auriculo-ventricular  orifice, 


Musculi  papillares 


Fig.  548.— The  Cavities  of  the  Right  Auricle  and  Bight  Venthicle  of  the  Heart. 

is  the  opening  of  the  coronary  sinus,  guarded  by  the  Thebesian  valve.  The 
auriculo-ventricular  aperture,  guarded  by  a  tricuspid  valve,  is  known  as  the 
tricuspid  orifice.  It  is  situated  in  the  antero-inferior  boundary,  and  admits  three 
fingers.  A  number  of  small  fosste,  foramina  Thebesii  (foramina  venarum  minimarum), 
are'^ scattered  over  the  walls,  and  some  of  these  present  at  their  apices  the  apertures 
of  small  veins,  the  venae  minimi  cordis.  In  the  septal  wall  is  an  oval  depression, 
the  fossa  ovalis,  bounded  above  and  in  front  by  a  raised  margin,  the  annulus 
ovalis  (hmbus  fossae  ovahs),  which  is  continuous  inferiorly  with  the  Eustachian 
valve ;  this  fossa  is  the  remains  of  an  aperture,  the  foramen  ovale,  through  which 
the  two  auricles  communicated  with  each  other  before  birth,  and  even  in  the 
adult  a  portion  of  the  aperture  persists  at  the  upper  part  of  the  fossa  in  about  one 
in  five  cases.  Between  the  apertures  of  the  superior  and  inferior  venae  cavse,  and 
behind  the  upper  part  of  the  fossa  ovahs,  a  small  eminence  may  be  distinguished, 
which  is  called  the  tubercle  of  Lower  (tuberculum  intervenosum) ;  in  the  foetus 
it  probably  directs  the  blood  from  the  superior  vena  cava  to  the  tricuspid  orifice. 
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The  Eustachian  valve  (valvula  veuse  cavte  inferioris)  is  a  thin  aucl  sometimes 
fenestrated  fold  of  endocardium  and  sub-endocardial  tissue,  which  extends  from 
the  anterior  and  lower  margin  of  the  orifice  of  the  inferior  vena  cava  to  the 
anterior  part  of  the  annulus  ovalis.  Varying  very  much  in  size,  it  is  usually  of 
falciform  shape,  its  apex  being  attached  to  the  annulus  and  its  base  to  the  margin 
of  the  inferior  caval  orifice.  It  is  an  important  structure  in  the  foetus,  directing 
the  blood  from  the  inferior  vena  cava  through  the  foramen  ovale  into  the  left 
auricle. 

The  Thebesian  valve  (valvula  sinus  coronarii)  is  usually  a  single  fold  of  endo- 
cardium which  is  placed  at  the  orifice  of  the  coronary  sinus ;  occasionally  it  con- 
sists of  two  cusps.    It  is  almost  invariably  incompetent. 

The  left  auricle  (atrium  sinistrum)  is  in  relation  behind  with  the  descending 
thoracic  aorta  and  the  oesophagus.  Below  and  in  front  it  is  continuous  with  the 
left  ventricle.  Its  antero-superior  surface  is  concave,  and  lies  in  close  relation  to 
the  roots  of  the  ascending  aorta,  the  pulmonary  artery,  and  the  left  coronary 
artery.  Its  right  side,  formed  by  the  interauricular  septum,  is  directed  forwards 
and  to  the  right.  Its  left  side  forms  a  very  small  portion  of  the  left  margin  of 
the  heart,  and  from  its  junction  with  the  antero-superior  surface  the  long  and  narrow 
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-Thb  Bases  of  the  Ventricles  of  the  Heart,  showing  the  auriculo-ventricular,  aortic, 
and  pulmonary  orifloes  and  their  valves. 


auricular  appendix  is  prolonged  forwards  round  the  left  side  of  the  ascending- 
portion  of  the  aorta  and  the  trunk  of  the  pulmonary  artery. 

The  four  pulmonary  veins  enter  the  upper  part  of  the  posterior  surface,  two  on 
each  side. 

The  interior  of  the  left  auricle  is  lined  with  endocardium,  and  its  walls  are 
smooth,  except  in  the  auricular  appendix  where  musculi  pectinati  are  present,  and 
on  the  septum,  in  a  position  corresponding  with  the  upper  part  of  the  fossa  ovalis 
oh  the  right  side,  where  there  are  several  musculo-fibrous  bundles  radiating  for- 
wards and  upwards.  These  septal  bundles  are  separated  at  their  bases  by  small 
semilunar  depressions,  in  the  largest  of  which  remains  of  the  foramen  ovale  may 
be  found.  Foramina  Thebesii,  and  the  apertures  of  vense  minimi  cordis,  are  scat- 
tered irregularly  over  the  inner  aspect,  whilst  in  the  antero-inferior  boundary  is  the 
auriculo-ventricular  aperture.  This  is  oval  in  form;  its  long  axis  is  placed 
obhquely  from  before  backwards,  and  from  left  to  right,  and  is  capable  of  admitting 
two  fingers.  It  is  guarded  by  a  valve  formed  of  two  large  cusps,  and  is  known  as 
the  mitral  orifice. 

Ventricles. — The  ventricular  portion  of  the  heart  is  conical  and  somewhat 
flattened.  The  base,  directed  upwards  and  backwards,  is  partly  continuous  with 
the  auricular  portion  and  partly  free.  It  is  perforated  by  four  orifices,  the  two 
auriculo-ventricular,  the  aortic,  and  the  pulmonary.    The  auriculo-ventricular 
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orifices  are  placed  one  on  eacli  side  below  and  beliind  ;  in  front  and  between 
them  is  the  aortic  orifice,  whilst  the  orifice  of  the  pulmonary  artery  is  still  farther 
forward,  and  shghtly  to  the  left  of  the  aortic. 

In  the  triangle  (trigona  fibrosa)  between  the  auriculo-ventricular  and  the  aortic 
orifices  is  embedded  the  central  fibro-cartilage,  a  mass  of  fibro-cartilaginous  tissue 
which  is  the  representative  of  the  os  cordis  of  the  ox.  It  is  continuous  with  the 
upper  part  of  the  interventricular  septum,  and  with  fibrous  rings  which  surround 
the  apertures  at  the  bases  of  the  ventricles. 

The  apex  of  the  ventricles  forms  the  apex  of  the  heart.  The  inferior  surface 
and  the  antero-superior  surface  constitute  respectively  the  greater  portions  of  the 
corresponding  surfaces  of  the  heart ;  the  former  rests  upon  the  diaphragm,  whilst 
the  latter  is  directed  upwards  and  forwards  towards  the  sternum  and  the  costal 
cartilages  of  the  left  side. 

The  right  margin,  which  is  thin,  forms  the  horizontal  portion  of  the  right 
margin  of  the  heart ;  and  the  left  margin,  which  is  thick  and  rounded,  forms  almost 
the  whole  of  the  left  margin  of  the  heart. 

The  ventricular  portion  of  the  heart  is  divided  into  right  and  left  chambers. 
The  interventricular  septum  (septum  ventriculorum)  is  placed  obhquely,  with  one 
surface  directed  forwards  and  to  the  right,  and  the  other  backwards  and  to  the 
left ;  it  bulges  into  the  right  ventricle,  and  its  lower  margin  lies  to  the  right  of 
the  apex  of  the  heart,  which  is,  therefore,  formed  entirely  by  the  left  ventricle. 
Tlie  margins  of  the  septum  are  indicated  on  the  surface  by  anterior  and  inferior 
interventricular  sulci. 

The  right  ventricle  (ventriculus  dexter)  is  triangular  in  form.  Its  base  is 
directed  upwards  and  to  the  right,  and  in  the  greater  part  of  its  extent  it  is  con- 
tinuous with  the  right  auricle,  with 
which  it  communicates  by  theauriculo- 
ventricular  orifice ;  but  its  left  and 
anterior  angle  projects  in  front  of  the 
auricle,  and  gives  origin  to  the  pul- 
monary artery.  Its  inferior  wall  rests 
upon  the  diaphragm.  The  antero- 
superior  wall  lies  behind  the  lower 
part  of  the  left  half  of  the  sternum 
and  the  cartilages  of  the  fourth,  fifth, 
and  sixth  ribs  of  the  left  side.  The 
left  or  septal  wall,  which  is  directed 
backwards  and  to  the  left,  bulges  into 
its  interior,  and  on  this  account  the 
transverse  section  of  the  cavity  has 
a  semilunar  ou;tline.  The  cavity  itself 
is  separable  into  two  parts — a  right  or 
posterior  portion,  the  body,  into  which 
the  auriculo-ventricular  orifice  opens, 
and  a  left  or  anterior  portion,  the  in- 
fundibulum  or  conus  arteriosus,  which 
terminates  in  the  pulmonary  artery. 
The  two  sections  of  the  cavity  are 
separated  above  by  a  thick  fold  of 
muscle,  but  otherwise  they  are  quite 
continuous  with  eacli-  other. 

The  right  auriculo-ventricular  orifice 
is  guarded  by  a  tricuspid  valve  (valvula 
tricuspidalis).  The  three  cusps  of  this 
valve  are  a  right  or  marginal  (cuspis 
medialis),  a  left  or  infundibular  (cuspis 
anterior),  which  intervenes  between 
the  auriculo-ventricular  orifice  and 
septal  (cuspis   posterior).     Each  cusp 
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consists  of  a  double  fold  of  endocardium,  strengthened  by  a  little  intermediate 
fibrous  tissue,  and  the  bases  of  the  cusps  are  generally  continuous  with  each  other 
at  the  auriculo- ventricular  orifice,  where  they  are  attached  to  a  fibrous  ring, 
but  they  may  be  separated  by  small  intermediate  lobes  which  fill  the  angles 
between  the  main  segments.  The  apices  of  the  cusps  hang  down  into  the 
ventricle.  The  margins,  which  are  thinner  than  the  central  portions,  are  notched 
and  irregular.  The  auricular  surfaces  are  smooth.  The  ventricular  surfaces  are 
roughened,  and,  like  the  margins  and  apices,  they  give  attachment  to  fine  tendin- 
ous cords,  the  chordse  tendinese,  the  opposite  extremities  of  which  are  attached  to 
muscular  bundles,  the  musculi  papillares,  which  project  from  the  wall  into  the 
cavity  of  the  ventricle. 

The  pulmonary  orifice,  which  lies  in  front  and  to  the  left  of  the  tricuspid  orifice, 
is  guarded  by  a  pulmonary  valve  composed  of  three  semilunar  segments  (valvulae 
semilunares  a.  pulmonalis),  two  of  which  are  placed  anteriorly  and  one  posteriorly. 
The  convexity  or  outer  border  of  each  semilunar  segment  is  attached  to  the  wall  of 
the  pulmonary  artery.  The  inner  border  is  free,  and  it  presents  at  its  centre  a  small 
nodule,  the  corpus  Arantii  (nodulus  valvulse  semilunaris),  and  on  each  side  of 
this  body  a  small  thin  marginal  segment  of  semilunar  form,  the  lunule  (lunula 
valvulfe  semilunaris).  Each  segment  of  the  valve  is  formed  by  a  layer  of 
endocardium  on  its  ventricular  surface,  a  layer  of  the  inner  coat  of  the  artery  on  its 
arterial  surface,  and  an  intermediate  stratum  of  fibrous  tissue.  Both  the  attached 
and  the  free  margins  of  the  cusps  are  strengthened  by  tendinous  bands,  and  strands 
of  condensed  fibrous  tissue  radiate  from  the  outer  borders  to  the  corpora  Arantii, 
but  they  do  not  enter  the  lunulse.  When  the  valve  closes  the  corpora  Arantii 
are  closely  apposed,  the  lunulse  of  the  adjacent  segments  of  the  valve  are  pressed 
together,  and  they  project  vertically  upwards  into  the  interior  of  the  artery. 

The  cavity  of  the  right  ventricle  is  Kned  by  endocardium ;  the  walls  are 
smooth  in  the  conus  arteriosus,  but  are  rendered  rugose  and  sponge-like  in  the 
body  by  the  inward  projection  of  numerous  muscular  bundles,  the  columnae 
carnese  (trabeculte  carneae).  These  bundles  are  of  three  kinds ;  the  simplest  are 
merely  columns  raised  in  rehef  on  the  wall  of  the  ventricle ;  those  of  the  second 
class  are  rounded  bundles,  free  in  the  middle,  but  attached  at  each  end  to  the  wall 
of  the  ventricle.  One  special  bundle  of  this  group,  called  the  moderator  band,  is 
attached  by  one  extremity  to  the  septum,  and  by  the  other  to  the  antero-superior 
wall,  at  the  base  of  the  anterior  papillary  muscle  ;  it  tends.to  prevent  over-distension 
of  the  cavity.  The  third  group  of  columnee  carnese  are  the  musculi  papillares, 
conical  bundles  continuous  at  their  bases  with  the  muscular  wall  of  the  ventricle, 
and  terminating  at  their  apices  in  numerous  chordse  tendinese  which  are  attached  to 
the  apices,  the  borders,  and  ventricular  surfaces  of  the  cusps  of  the  tricuspid  valve. 

The  musculi  papillares  of  the  right  ventricle  are — (1)  a  large  anterior  muscle, 
from  which  the  chordse  pass  to  the  infundibular  and  marginal  segments  of  the 
valve ;  (2)  a  smaller  and  more  irregular  posterior  miiscle,  sometimes  represented  by 
two  or  more  segments,  from  which  chordse  pass  to  the  marginal  and  septal  cusps ; 
and  (.3)  a  group  of  muscular  bundles,  varying  in  size  and  number,  which  spring 
from  the  septum  and  are  united  by  chordse  to  the  infundibular  and  septal  cusps. 

The  walls  of  the  right  ventricle,  the  septal  excepted,  are  much  thinner  than 
those  of  the  left,  but  the  columnse  carnese  of  the  first  and  second  classes  are  coarser 
and  less  numerous  in  the  right  than  in  the  left  ventricle. 

The  left  ventricle  (ventriculus  sinister)  is  a  conical  chamber,  and  its  cavity  is 
oval  in  transverse  section.  The  base  is  directed  upwards  and  backwards,  and  in  the 
greater  part  of  its  extent  it  is  continuous  with  the  corresponding  auricle  with 
which  it  communicates  through  the  mitral  orifice,  but  in  front  and  to  the  right  of 
its  communication  with  the  auricle  it  is  continued  into  the  ascending  aorta. 

The  mitral  orifice  is  oval ;  its  long  axis  runs  obliquely  from  above  and  to  the 
left  downwards  and  to  the  right,  and  it  is  guarded  by  a  valve  consisting  of 
two  cusps,  which  is  known  as  the  mitral  valve  (valvula  bicuspidalis).  The  two 
cusps  of  the  valve  are  triangular  and  of  unequal  size.  The  smaller  of  the  two, 
placed  to  the  left  and  behind,  is  named  the  marginal,  and  the  larger,  placed  to  the 
right  and  in  front,  between  the  mitral  and  aortic  orifices,  is  known  as  the  aortic 
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cusp.  The  bases  of  the  cusps  are  either  coutmuous  with  each  other  at  their 
attachments  to  the  fibrous  ring  round  the  mitral  orifice,  or  they  are  separated  by 
small  intermediate  cusps  of  irregular  form  and  size.  The  apices  of  the  cusps  hang 
down  into  the  cavity  of.  the  ventricle.  The  auricular  surfaces  are  smooth ;  the 
ventricular  surfaces  are  roughened  by  the  attachments  of  the  chordse  tendineae, 
which  are  also  connected  with  the  irregular  and  notched  margins  and  with  the 
apices.  The  structure  is  the  same  as  that  of  the  cusps  of  the  tricuspid  valve, 
but  the  ventricular  surface  of  the  anterior  (or  aortic)  cusp  is  relatively  smooth. 

The  aortic  orifice  is  circular ;  it  lies  immediately  in  front  and  to  the  right  of 
the  mitral  orifice,  from  which  it  is  separated  by  the  anterior  cusp  of  the  mitral 
valve,  and  it  is  guarded  by  the  aortic  valve,  formed  of  three  semilunar  segments 
(valvulse  semilunares  aortee),  one  of  which  is  placed  anteriorly  and  the  other  two 
posteriorly.  The  structure  of  these  cusps  and  their  attachments  are  similar  to 
those  of  the  cusps  of  the  pulmonary  valve. 

The  cavity  of  the  left  ventricle  is  separable,  hke  that  of  the  right,  into  two 
portions,  the  body  and  the  aortic  vestibule ;  the  latter  is  a  small  section  placed 
immediately  below  the  aortic  orifice,  and  its  walls  are  non-contractile,  consisting  of 
fibrous  and  fibro-cartilaginous  tissue.  The  cavity  is  lined  by  endocardium.  The 
inferior  wall  and  the  apex  are  rendered  sponge-like  by  numerous  fine  columnse 
carnefe  of  the  first  and  second  classes,  whilst  the  upper  part  of  the  antero-superior 
wall  and  the  septum  are  relatively  smooth. 

There  are  two  papillary  muscles  of  much  larger  size  than  those  met  with  in  the 
right  ventricle — an  anterior  and  a  posterior ;  each  is  connected  by  chordse  tendinea; 
with  both  cusps  of  the  mitral  valve. 

The  walls  of  the  left  ventricle,  with  the  exception  of  the  septum,  are  three 
times  as  thick  as  those  of  the  right  ventricle,  and  they  are  thickest  in  the  region  of 
the  widest  portion  of  the  cavity,  which  is  situated  about  a  fourth  of  its  length  from 
the  base.  The  muscular  portion  of  the  wall  attains  its  minimum  thickness  at  the 
apex,  but  the  thinnest  portion  of  the  boundary  is  at  the  upper  part  of  the  septum, 
which  consists  entirely  of  fibrous  tissue ;  here  it  is  occasionally  deficient,  and  an 
aperture  is  left  through  which  the  cavities  of  the  two  ventricles  communicate. 

The  interventricular  septum  (septum  ventriculorum)  is  a  musculo-membranaus 
partition.  It  is  placed  obliquely,  one  surface  looking  forwards  and  to  the  right 
and  bulging  into  the  right  ventricle,  and  the  other  backwards  and  to  the  left 
towards  the  left  ventricle.  Its  antero-superior  and  inferior  margins  correspond 
respectively  with  the  anterior  and  inferior  portions  of  the  interventricular  sulcus, 
and  it  extends  from  the  right  of  the  apex  to  the  interval  between  the  pulmonary 
and  aortic  orifices.  In  the  main  part  of  its  extent  it  is  muscular  (septum  musculare 
ventriculorum),  and  this  portion  is  developed  from  the  wall  of  the  ventricular  part 
of  the  heart ;  but  its  upper  and  posterior  portion,  the  pars  membranacea  (septum 
membranaceum  ventriculorum),  which  is  developed  from  the  septum  of  the  aortic 
bulb,  is  entirely  fibrous,  and  constitutes  the  thinnest  portion  of  the  ventricular 
walls.  The  pars  membranacea  lies  between  the  aortic  vestiliule  on  the  left  and 
the  upper  part  of  the  right  ventricle,  as  well  as  the  lower  and  left  part  of  the  right 
auricle,  on  the  right. 

Structure  of  the  Heart. 

The  walls  of  the  heart  consist  iiiaiuly  of  j^eculiar  striped  muscle,  the  myocardium,  ■which  is 
enclosed  between  the  visceral  layer  of  the  pericardium,  or  epicardium,  externally,  and  the 
endocardium  internally.  The  muscular  fibres  differ  from  those  of  ordinary  voluntary  striped 
nuiscle  in  several  ways :  they  are  shorter,  many  of  them  being  oblong  cells  with  forked  ex- 
tremities which  are  closely  cemented  to  similar  processes  of  adjacent  cells  ;  they  form  a  reticulum, 
and  the  nuclei  lie  in  the  centres  of  the  cells.  Moreover,  in  some  of  the  lower  mammals,  in  the 
young  child  up  to  the  end  of  the  first  year,  and  occasionally  in  the  human  adult  also,  still  more 
peculiar  fibres,  the  fibres  of  Purkinje,  are  found  immediately  beneath  the  sub-endocardial 
tissue.  These  are  large  cells  which  unite  with  each  other  at  their  extremities ;  their  central 
portions  consist  of  granular  protojilasm,  in  which  sometimes  one,  but  more  frequently  two  nuclei 
are  embedded,  and  the  peripheral  portion  of  each  cell  is  transversely  striated.  These  cells,  in  short, 
present  in  a  permanent  form  a  condition  which  is  transitory  in  all  other  striped  muscle  cells. 

The  reticulating  cardiac  muscle  cells  are  grouped  in  sheets  and  strands  which  have  a  more  or 
less  characteristic  and  definite  arrangement  in  different  jjarts  of  the  heart ;  by  careful  dis- 
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section,  and  after  special  methods  of  preparation,  it  is  possible  to  recognise  many  layers  and 
bundles,  some  of  which  are,  however,  probably  artificially  produced. 

In  the  auricles  the  muscular  fasciculi  fall  naturally  into  two  -groups,  those  special  to  each 
auricle,  and  those  common  to  both  auricles  ;  the  former  are  situated  deeply  under  cover  of 
the  latter. 

The  deep  special  fibres  are — (a)  Loo^Jed  fibres  which  pass  over  the  auricles  from  before  back- 
wards or  from  side  to  side  ;  their  extremities  are  attached  to  the  fibrous  rings  which  surround  the 
auriculo  -  ventricular  orifices.  (b)  Annular  fibres  which  surround  (1)  the  extremities  of  the 
large  vessels  which  open  into  the  auricle,  (2)  the  auricular  appendices,  and  (3)  the  fossa  ovalis. 

The  superficial  fibres,  which  are  common  to  both  auricles,  for  the  most  part  run  transversely 
across  the  auricles,  but  a  few  of  them  turn  into  the  interauricular  septum.  They  are  most 
numerous  on  the  anterior  aspect. 

In  the  ventricles,  also,  two  main  groups  of  fasciculi,  a  superficial  and  a  deep,  have  been 
described,  but  it  is  in  this  region  especially  that  there  is  doubt  regarding  the  individuality  of 
many  of  the  muscular  bundles  which  have  been  noted,  for  it  appears  probable  that  many  of 
them  are  artificial  products  due  to  the  method  adopted  by  the  dissector.  There  is  no  doubt  that 
in  the  middle  of  the  thickness  of  the  ventricular  walls  the  arrangement  of  the  fibres  is  mainly 
circular,  some  surrounding  one  and  some  both  ventricles.  Near  the  surfaces  the  fasciculi 
assume  an  ol^lique  direction,  and  it  is  not  improbable  that  many  of  the  bundles  are  arranged  in 
figure  of  8  loojjs,  whose  iipper  extremities  are  attached  to  the  fibrous  rings  round  the  auriculo- 
ventricular  orifices. 

The  superficial  fibres  of  the  ventricles  are  attached  above  to  the  fibrous  rings  at  the  base,  and 
from  this  attachment  they  pass  obliqiiely  downwards  to  the  apex,  those  on  the  anterior  surface 
trending  towards  the  left,  and  those  on  the  inferior  surface  towards  the  right.  On  the  inferior 
surface  almost  all  the  fasciculi  appear  to  pass  across  the  septum,  but  on  the  anterior  surface  the 
middle  fasciculi  dip  into  it,  and  only  those  near  the  base  and  apex  cross  from  right  to  left.  All 
the  superficial  fibres  which  reach  the  apex  are  coiled  there  into  a  whorl  or  vortex,  through  which 
they  pass  upwards  into  the  substance  of  the  left  ventricle,  those  descending  from  the  front  and 
left  side  entering  the  base  of  the  posterior  papillary  muscle,  whilst  those  from  the  back  and  right 
side  terminate  in  the  anterior  papillary  muscle.  The  muscular  fasciculi  wliich  enter  the  papillary 
muscles  are  continued,  by  means  of  the  chordae  tendinese,  to  the  fiaps  of  the  mitral  valve  and 
so  to  the  fibrous  ring  round  the  mitral  orifice ;  obviously,  therefore,  many  of  the  superficial 
fasciculi  of  the  ventricles  form  simjjle  oblique  loops  which  commence  externally  at  the  fibrous 
rings  round  the  right  and  left  auriculo-ventricular  orifices,  and  terminate  internally  by  gaining 
attachment  to  the  ring  round  the  left  of  these  orifices  (mitral). 

The  deep  fascicidi  of  the  ventricles  may  be  subdivided  into  two  main  groups — (1)  Those 
common  to  both  ventricles,  and  (2)  those  special  to  each  ventricle. 

The  fasciculi  common  to  both  ventricles  include — («)  Fibres  which  commence  above  from  the 
posterior  sections  of  the  fibrous  ring  at  the  base  of  the  right  ventricle  ;  either  directly  or  by 
means  of  the  chordae  tendineae  of  the  posterior  papillary  muscle  they  pass  obliquely  downwards 
to  the  septum,  traverse  it,  and  ascend  to  the  front  of  the  fibrous  ring  at  the  base  of-  the  left 
ventricle.  (6)  Fibres  from  the  anterior  portions  of  the  fibrous  ring  at  the  base  of  the  right 
ventricle,  M'hich  pass  obliquely  downwards  and  assume  a  transverse  course  in  the  posterior  wall 
of  the  left  ventricle,    (c)  Annular  fibres  which  encircle  both  ventricles. 

The  deep  special  fibres  of  the  left  ventricle  are  (a)  V-shaped  loops  which  commence  at  the 
fibrous  ring  at  the  base,  and  descend  to  the  apex,  where  they  turn  upwards  in  the  septum,  and 
terminate  by  joining  the  central  fibro-cartilage ;  (b)  fibres  which  descend  from  the  base,  enter 
the  lower  and  front  part  of  the  septum,  and,  passing  through  it,  assume  an  annular  course  in  the 
posterior  wall. 

The  deep  special  fibres  of  the  right  ventricle  are  (a)  looped  fibres  which  pass  downwards  in 
the  external  wall  from  the  fibrous  rings  to  the  apex,  where  they  enter  the  septum  and  ascend  to 
the  central  fibro-cartilage  ;  (6)  circular  fibres  round  the  jiulmonary  orifice  ;  and  (c)  radiating  fasci- 
culi from  the  base  of  the  anterior  papillary  muscle  to  the  front  part  of  the  pulmonary  orifice. 

The  epicardium,  or  visceral  portion  of  the  pericardium,  consists  of  white  connective  and 
of  elastic  tissue,  the  latter  forming  a  distinct  reticulum  in  the  deeper  part.  The  surface  which 
looks  towards  the  pericardial  cavity  is  covered  with  flat  polygonal  endothelial  plates,  which  are 
partially  separated  here  and  there  by  stomata  through  which  the  pericardial  cavity  communicates 
with  the  lymphatics  of  the  epicardium. 

The  endocardium  lines  the  cardiac  cavities  and  is  continuous  with  the  inner  coats  of  the 
vessels  which  enter  and  leave  the  heart.  It  consists,  like  the  epicardium,  of  white  connective 
tissue  and  elastic  fibres,  but  it  is  much  thinner  than  the  epicardium,  and  its  elastic  fibres  are  in 
some  j)laces  blended  into  a  fenestrated  membrane.  Its  inner  surface  is  covered  with  endothelial 
cells,  and  it  rests  externally  upon  the  sub-endocardial  tissue,  in  which  there  are  blood-vessels  and 
nerves  ;  the  endocardium  itself  is  entirely  devoid  of  vessels. 

Size  of  the  Heart. — The  heart  is  about  five  inches  (125  mm.)  long,  three  and  a-half  inches  (87 
mm.)  broad ;  its  greatest  depth  from  its  antero-superior  to  its  inferior  surface  is  two  and  a-half  inches 
(62  mm.),  and  it  is  roughly  estimated  as  being  about  the  same  size  as  the  closed  fist.  The  size, 
however,  is  variable,  the  volume  increasing  at  first  rapidly,  and  then  gradually,  with  increasing 
age,  from  22  cc.  at  birth  to  155  cc.  at  the  fifteenth  year,  and  to  250  cc.  by  the  twentieth  year. 
From  this  period  to  the  fiftieth  year,  when  the  maximum  volume  (280  cc.)  is  attained,  the  in- 
crease is  much  more  gradual,  and  after  fifty  a  slight  decrease  sets  in.  The  volume  is  the  same 
in  both  sexes  u^J  to  the  period  of  puberty,  but  thereafter  it  preponderates  in  the  male. 
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Weight. — The  average  weight  of  the  heart  in  the  male  adult  is  11  ounces  (310  grms.),  and  in 
the  female  adult  9  ounces  (255  grms.)  ;  but  the  weight  varies  greatly,  always,  however,  in  definite 
relation  to  the  weight  of  the  body,  the  relative  proportions  changing  at  diff'erent  periods  of  life. 
Thus  at  birth  the  heart  weighs  13^  drachms  (24  grms.),  and  its  relation  to  the  body  weight 
is  as  1  to  130,  whilst  in  the  adult  the  relative  proportion  is  as  1  to  205.  The  heart  is  said  to 
rapidly  increa.se  in  weight  up  to  the  seventh  year,  then  more  slowly  up  to  the  age  of  puberty, 
when  a  second  acceleration  sets  in ;  but  after  the  attainment  of  adult  life  the  increase,  which 
continues  till  the  seventieth  year,  is  very  gradual. 

The  above  changes  afl'ect  the  whole  heart,  but  the  several  parts  also  vary  in  their  relation  to 
each  other  at  different  periods  of  life.  During  foetal  life  the  right  auricle  is  heavier  than  the  left ; 
in  the  first  month  after  birth  the  two  become  equal,  and  at  the  second  year  the  right  again  begins 
to  preponderate,  and  it  is  heavier  than  the  left  during  the  remainder  of  life.  In  the  latter  part 
of  foetal  life  the  two  ventricles  are  equal ;  after  birth  the  left  grows  more  rapidly  than  the  right, 
until,  at  the  end  of  the  second  year,  a  position  of  stability  is  gained,  when  the  right  is  to  the  left 
as  1  to  2,  and  this  proportion  is  maintained  until  death. 

Capacity. — During  life  the  cajDacity  of  the  ventricles  is  probably  the  same,  and  each  is  capable 
of  containing  about  four  ounces  of  blood,  whilst  the  auricles  are  a  little  less  capacious.  After 
death  the  ca^'ity  of  the  right  ventricle  appears  larger  than  that  of  the  left. 

Vascular  Supply  of  the  Heart. — The  walls  of  the  heart  are  supplied  by  the  coronary  arteries 
(p.  755),  the  branches  of  which  pass  through  the  interstitial  tissue  to  all  parts  of  the  muscular 
substance  and  to  the  sub-endocardial  and  sub-epicardial  tissues ;  the  endocardium  and  the  valves 
are  devoid  of  vessels.  The  capillaries,  which  are  numerous,  form  a  close-meshed  network  around 
the  muscTilar  fibres.  Sometimes  the  valves  contain  a  few  muscular  fibres,  and  in  these  cases  they 
also  receive  some  minute  vessels.  The  majority  of  the  veins  of  the  heart  end  in  the  coronary 
sinus,  which  opens  into  the  lower  part  of  the  right  auricle  ;  some  few  very  small  veins,  how- 
ever, open  directly  into  the  right  auricle,  and  others  are  said  to  end  in  the  left  auricle,  and 
in  the  cavities  of  the  ventricles. 

Lymphatics  of  the  Heart. — Lymphatic  vessels  are  freely  distributed  throughout  the  whole 
substance  of  the  heart,  but  they  are  most  numerous  in  the  sub-endocardial  and  the  sub-pericardial 
tissues,  and  the  vessels  which  lie  in  the  latter  situation  communicate  through  stomata  with  the 
pericardial  cavity.  The  smaller  lymphatic  vessels  accompany  the  blood-vessels;  ultimately 
they  converge  to  two  main  trunks — an  anterior  and  an  inferior — which  lie  respectively  in  the 
anterior  and  the  inferior  interventricular  sulci.  Having  collected  lymph  from  the  ventricles, 
these  vessels  pass  to  the  base  of  the  heart,  where  they  receive  additional  tributaries  from  the 
auricles  ;  after  passing  b}'  the  roots  of  the  great  arteries,  they  terminate  in  the  glands  which  lie 
round  the  bifurcation  of  the  trachea. 

Nerves  of  the  Heart. — The  heart  receives  its  nerves  from  the  superficial  and  deep  cardiac 
23lexuses  which  lie  beneath  the  arch  of  the  aorta,  and  through  them  it  is  connected  with  the 
vagus,  the  spinal  accessory  (through  the  vagus),  and  the  sympathetic  nerves.  After  leaving  the 
plexuses  many  of  the  nerve  fibres  enter  the  walls  of  the  auricles,  and  anastomose  together  in  the 
sub-epicardial  tissue,  forming  a  plexus  in  which  many  ganglion  cells  are  embedded,  especially 
near  the  terminations  of  the  inferior  vena  cava  and  the  pulmonary  veins.  From  the  sub-epi- 
cardial auricular  plexus,  nerve  filaments,  on  which  nerve  ganglion  cells  have  been  found,  pass  into 
the  substance  of  the  auricular  walls. 

Other  fibres  from  the  cardiac  plexuses  accompany  the  coronary  arteries  to  the  ventricles,  and 
upon  these  also  ganglion  cells  are  found  in  the  region  immediately  below  the  auriculo-ventricular 
sulcus. 

The  nerve  fibres  which  issue  from  the  ganglionated  plexuses  of  the  heart  are  non-meduUated. 
They  form  fine  plexuses  round  the  muscle  fibres,  and  they  terminate  either  in  fine  fibrils  on  the 
surfaces  of  the  muscle  fibres,  or  in  nodulated  ends  which  lie  in  contact  with  the  muscle  cells. 


THE  PERICARDIUM. 

The  pericardium  is  a  fibro-serous  sac  which  surrounds  the  heart.  It  hes  in  the 
middle  mediastinum,  and  is  attached  below  to  the  diaphragm,  and  above  and 
beliiud  to  the  roots  of  the  great  vessels.  Anteriorly  and  posteriorly  it  is  to  a  great 
extent  free ;  laterally  it  is  in  close  apposition  with  the  pleural  sacs. 

The  fibrous  pericardium  is  a  strong  fibrous  sac  of  conical  form ;  its  base  is 
attached  to  the  central  tendon  and  to  a  part  of  the  muscular  substance  of  the 
diaphragm,  and  it  is  pierced  by  the  inferior  vena  cava.  At  its  apex  it  is  gradually 
lost  upon  the  great  vessels  which  enter  and  emerge  from  the  heart,  giving  sheaths 
to  the  aorta,  the  two  branches  of  the  pulmonary  artery,  the  superior  vena  cava,  the 
four  pulmonary  veins,  and  the  hgamentum  arteriosum.  Its  anterior  surface  forms 
the  posterior  boundary  of  the  anterior  mediastinum,  and  it  gives  attachment,  above 
and  below,  to  the  superior  and  inferior  sterno-pericardial  ligaments.  In  the  greater 
part  of  its  extent  it  is  separated  from  the  anterior  wall  of  the  thorax  by  the 
anterior  margins  of  the  lungs  and  pleural  sacs,  but  it  is  in  direct  relation 
with  the  left  half  of  the  lower  portion  of  the  body  of  the  sternum  and,  in  many 
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cases,  with  the  inner  ends  of  the  cartilages  of  the  fourth,  fifth,  and  sixth  ribs  of  the 
left  side.  Its  posterior  surface  forms  the  anterior  boundary  of  the  posterior  media- 
stinum ;  it  is  in  relation  with  the  oesophagus  and  the  descending  aorta,  both  of 
which  it  separates  from  the  back  of  the  left  auricle.  Each  lateral  aspect  is  in  close 
contact  with  the  mediastinal  portion  of  the  parietal  pleura,  the  phrenic  nerve  and 
its  accompanying  vessels  intervening.  The  inner  surface  of  the  fibrous  sac  is  Kned 
by  the  serous  pericardium,  which  is  closely  attached  to  it. 

The  serous  pericardium  is  a  closed  sac  containing  a  little  fluid  (hquor  peri- 
cardii). It  is  surrounded  by  the  fibrous  pericardium  and  invaginated  by  the  heart. 
It  is,  therefore,  separable  into  two  portions — the  parietal,  which  hues  the  inner  sur- 
face of  the  fibrous  sac,  and  the  visceral,  which  ensheaths,  or  partially  ensheaths,  the 


Fig.  551. — Posteiiioe  Wall  of  the  Pericardium  after  removal  of  the  Heart,  showing  the  relation  of 
the  serous  pericardium  to  the  great  vessels.    Prom  a  formalin  preparation  made  by  Professor  Birmingham. 


heart  and  the  great  vessels ;  but  the  two  portions  are,  of  course,  continuous  with 
each  other  where  the  serous  layer  is  reflected  on  to  the  great  vessels  as  they  pierce 
the  fibrous  layer.  The  majority  of  the  great  vessels  receive  only  partial  coverings 
from  the  visceral  layer :  thus  the  superior  vena  cava  is  covered  in  front  and 
laterally ;  the  pulmonary  veins  in  front,  above,  and  below ;  and  the  inferior  vena 
cava,  for  a  very  short  distance,  in  front  and  laterally.  The  aorta  and  the 
pulmonary  artery  are  enclosed  together  in  a  complete  sheath  of  the  visceral  layer ; 
and  when  the  pericardial  sac  is  opened  from  the  front  it  is  possible  to  pass 
the  fingers  behind  them  and  in  front  of  the  auricles,  from  the  right  to  the  left 
side,  through  a  passage  called  the  great  transverse  sinus  of  the  pericardium.  The 
spaces  or  pouches  which  intervene  between  the  vessels  which  receive  partial  coverings 
from  the  serous  pericardium  are  also  called  sinuses ;  and  the  largest  of  them,  which 
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is  bouuded  below  and  on  the  right  bj  the  inferior  vena  cava  and  aljove  and  on  the 
left  by  the  left  inferior  pxilmonary  vein,  is  known  as  the  great  oblique  sinus.  It 
passes  upwards  and  to  the  right  behind  the  auricles,  and  lies  in  front  of  the 
oesophagus  and  the  descending  thoracic  aorta. 

A  small  fold  of  the  serous  pericardium,  the  vestigial  fold  of  Marshall  (liga- 
mentum  v.  cavse  sinistrte),  passes  from  the  left  pulmonary  artery  to  the  left  superior 
puhuonary  vein  behind  the  left  extremity  of  the  transverse  sinus.  It  merits 
special  attention  because  it  encloses  the  remains  of  the  left  superior  vena  cava, 
which  atropliies  at  an  early  period  of  foetal  life. 

Structure. — Tlie  fibrous  pericardium  consists  of  ordinary  connective  tissue  fibres  felted 
together  into  a  dense  unyielding  membrane.  The  serous  pericardium  is  covered  on  its  inner 
aspect  by  a  layer  of  flat  endothelial  cells  which  rest  upon  a  basis  of  mixed  white  and  elastic  fibres 
in  which  run  numerous  blood-vessels,  Ij-mpliatics,  and  nerves. 

THE  ARTERIES. 

THE  PULMONARY  AETERY. 

The  pulmonary  artery  (a.  pulmonalis),  which  is  slightly  larger  at  its  com- 
mencement than  the  aorta,  springs  from  the  anterior  and  left  angle  of  the 
base  of  the  right  ventricle,  at  the  termination  of  the  infundibulum.  It  runs 
upwards  and  backwards  towards  the  concavity  of  the  aortic  arch,  curving  from 
the  front  round  the  left  side  of  the  ascending  aorta  to  reach  a  plane  posterior  to 
the  latter ;  and  it  terminates,  by  dividing  into  right  and  left  branches,  opposite  the 
disc  between  the  fifth  and  sixth  dorsal  vertebra?.  Its  length  is  a  little  more  than 
two  inches. 

Relations. — Enclosed  within  the  fibrous  pericardium,  and  enveloped  along 
with  the  ascending  aorta  in  a  common  sheath  of  the  visceral  layer  of  the  serous 
pericardium,  the  pulmonary  artery  lies  behind  the  inner  extremity  of  the  second  left 
intercostal  space,  from  which  it  is  separated  by  the  anterior  margins  of  the  left 
lung  and  pleural  sac. 

Its  posterior  relations  are  the  root  of  the  aorta,  the  anterior  wall  of  the  left 
auricle,  and  the  first  part  of  the  left  coronary  artery.  To  the  right  it  is  in  relation 
with  the  right  coronary  artery  and  the  right  auricular  appendix,  and  to  the 
left  with  the  left  coronary  artery  and  the  left  auricular  appendix.  Immediately 
above  its  bifurcation,  between  it  and  the  aortic  arch,  is  the  superficial  cardiac 
plexus. 

The  right  branch  of  the  pulmonary  artery  is  longer  and  larger  than  the 
left.  It  passes  to  the  liilus  of  the  right  lung,  forming  one  of  the  constituents  of 
its  root,  and,  entering  the  lung,  descends  with  the  main  bronchus  to  the  lower 
extremity  of  the  organ. 

Relations. — Before  it  enters  the  lung  the  right  pulmonary  artery  passes  behind  the 
ascending  aorta,  the  superior  vena  cava,  and  the  upper  right  pulmonary  vein.  At  first 
it  lies  below  the  arch  of  the  aorta  and  the  right  bronchus,  in  front  of  the  oesophagus,  and 
above  the  left  auricle  and  the  lower  right  pulmonary  vein ;  then  it  crosses  in  front  of  the 
right  bronchus  immediately  below  the  eparterial  branch,  and  reaches  the  hilus  of  the 
lung.  After  entering  the  lung  the  artery  descends,  behind  and  to  the  outer  side  of  the 
main  bronchus  and  between  its  ventral  and  dorsal  branches. 

Branches. — Before  entering  the  hilus  it  gives  oft"  a  large  branch  to  the  upper  lobe 
which  accompanies  the  eparterial  bronchus,  and  in  the  substance  of  the  lung  it  gives 
oft'  numerous  branches  which  correspond  with  and  accompany  the  dorsal,  ventral,  and 
accessory  branches  of  the  right  bronchus. 

The  left  branch  of  the  pulmonary  artery,  shorter,  smaller,  and  somewhat 
higher  in  position  than  the  right,  passes  outwards  and  backwards  from  the  bifurca- 
tion of  the  pulmonary  stem,  and  runs  in  the  root  of  the  left  lung  to  the  hilus ;  it 
then  descends  in  company  with  the  main  bronchus  to  the  lower  end  of  the  lung. 

Relations. — Before  it  enters  the  lung  it  is  crossed  in  front  by  the  upper  left 
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pulmonary  vein  ;  hehind  it,  is  the  left  bronchus ;  above,  the  aortic  arch,  to  which  it  is  con- 
nected by  the  ligamentum  arteriosum,  and  the  left  recurrent  laryngeal  nerve ;  below,  it 
is  in  relation  with  the  lower  left  pulmonary  vein.  After  entering  the  lung  it  descends, 
like  the  right  pulmonary  artery,  behind  and  on  the  outer  side  of  the  stem  bronchus, 
and  between  its  ventral  and'  dorsal  branches. 

Branches. — Just  before  passing  through  the  hilus  it  gives  off  a  branch  to  the 


Pig.  552. — The  Pulmonary  Arteries  and  Veins  and  their  Eelations. 
Parts  of  the  ascending  aorta  and  superior  vena  cava  have  been  removed. 


1.  Aorta. 

2.  Superior  vena  cava. 

3.  Upper  right  pulmonary 

vein. 

4.  Riglit  pulmonary  artery. 

5.  Superior  vena  cava. 

6.  Left  innominate  vein. 

7.  Innominate  artery. 

S.  Right  innominate  vein. 
9.  Snbclavius  muscle. 
10.  Clavicle. 


11.  Internal  mammary  artery. 

12.  Subclavian  vein. 

13.  Suprascapular  artery. 

14.  Transverse  cervical  artery. 

15.  Vertebral  artery. 

16.  Inferior  thyroid  artery. 

17.  Internal  jugular  vein. 

18.  Common  carotid  artery. 

19.  Superior  thyroid  artery. 

20.  Sterno-thyroid  muscle. 

21.  Omo-hyoid  muscle. 


22.  Sterno-hyoid  muscle. 

23.  Platysma. 

24.  Sterno-hyoid  muscle. 

25.  Sterno-thyroid  muscle. 

26.  Sterno-mastoid  muscle. 

27.  Phrenic  nerve. 

28.  Vagus  nerve. 

29.  Vertebral  artery. 

30.  Inferior  thyroid  artery. 

31.  Thoracic  duct. 

32.  Left  subclavian  artery. 


33.  Subclavius  nuiscle. 

34.  1st  rib. 

35.  Left     common  carotid 

artery. 

36.  Aorta. 

37.  Ligamentum  arteriosum. 
3S.  Left  pulmonary  artery. 

39.  Upper    left  pulmonary 

vein. 

40.  Pulmonary  artery. 


upper  lobe,  and  in  the  substance  of  the  lung  its  branches  correspond  with  the  ventral, 
dorsal,  and  accessory  branches  of  the  bronchial  tube. 
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THE  SYSTEMIC  ARTERIES. 
THE  AOETA. 

The  aorta  is  the  main  trunk  of  the  arterial  system.  It  commences  at  the  base 
of  the  left  ventricle  and  ascends,  with  an  inclination  to  the  right,  to  the  level  of 
the  second  right  costal  cartilage ;  then  curving  backwards  and  to  the  left,  it 
reaches  the  left  side  of  the  lower  border  of  the  fourth  dorsal  vertebra,  and  finally 
descends  through  the  thorax  into  the  abdomen,  where  it  terminates  on  the  left 
side  of  the  fourth  lumbar  vertebra  by  bifurcating  into  the  two  common  ihac 
arteries.  The  portion  of  the  aorta  which  is  situated  in  the  thorax  is  for  con- 
venience termed  the  thoracic  aorta,  and  the  rest  of  the  vessel  is  known  as  the 
abdominal  aorta. 

THE  THORACIC  AORTA. 

The  thoracic  aorta  is  subdivided  into  the  ascending  portion,  the  arch,  and  the 
descending  portion. 

The  ascending  aorta  (aorta  ascendens)  lies  in  the  middle  mediastinum.  It 
springs  from  the  base  of  the  left  ventricle,  behind  the  left  margin  of  the 
sternum,  opposite  the  lower  border  of  the  third  left  costal  cartilage  and  the 
body  of  the  fifth  dorsal  vertebra.  From  its  origin  it  passes  upwards,  forwards, 
and  to  the  right,  and  it  terminates  in  the  arch  of  the  aorta,  behirid  the  right 
margin  of  the  sternum,  at  the  level  of  the  second  costal  cartilage.  Its  length 
is  from  to  2  to  2\  inches  (50  to  57  mm.),  and  its  breadth  is  1\  inches  (28  mm.). 
In  the  adult  it  is  a  little  narrower  at  its  commencement  than  the  pulmonary 
artery  is,  but  in  old  age  it  enlarges  and  exceeds  the  latter  vessel  in  size.  The 
diameter,  however,  is  not  uniform  throughout  the  whole  length  of  the  ascending 
aorta ;  four  distinct  dilatations  are  present.  Three  of  these,  small  and  pouch-like, 
are  known  as  the  sinuses  of  Valsalva  (sinus  aortas).  They  are  situated  at  the  origin 
of  the  aorta,  immediately  above  the  semilunar  cusps  of  the  valve  which  guards  the 
aperture  of  communication  with  the  left  ventricle ;  therefore  one  is  anterior  in 
position,  and  two  are  situated  posteriorly.  The  fourth  dilatation  is  formed  by 
a  diffuse  bulging  of  the  right  wall,  and  is  known  as  the  great  sinus  of  the 
aorta. 

Relations. — The  ascending  aorta  is  completely  enclosed  within  the  fibrous  peri- 
cardium, which  blends  above  with  the  sheath  of  the  vessel.  It  is  enveloped,  together 
with  the  stem  of  the  pulmonary  artery,  in  a  tubular  prolongation  of  the  serous  pericar- 
dium, and  has  the  pulmonary  artery  in  front,  the  anterior  wall  of  the  right  auricle 
behind,  and  the  right  auricular  appendix  on  its  right  side. "  In  the  upper  part  of  its 
course  the  ascending  aorta  is  overlapped  by  the  antei-ior  margins  of  the  right  lung  and 
right  pleural  sac,  whilst  behind  it  are  the  right  branch  of  the  pulmonary  artery,  the  upper 
right  pulmonary  vein,  the  right  bronchus,  and  the  left  margin  of  the  superior  vena  cava. 
The  superior  vena  cava  lies  on  the  right  side,  and  partly  behind  the  upper  part  of  the 
ascending  aorta,  whilst  the  pulmonary  artery  is  at  first  in  front  of  it  and  then,  at  a  higher 
level,  on  its  left  side. 

Branches. — Two  branches  arise  from  the  ascending  aorta,  viz.  the  right  and  the  left 
coronary  arteries.  The  former  springs  from  the  anterior,  and  the  latter  from  the  left 
posterior  sinus  of  Valsalva  (p.  755). 

The  arch  of  the  aorta  (arcus  aortte)  Kes  in  the  superior  mediastinum  behind 
the  lower  part  of  the  manubrium  sterni,  and  connects  the  ascending  with  the 
descending  aorta.  It  commences  behind  the  right  margin  of  the  sternum,  on  a 
level  with  the  second  costal  cartilage,  and  extends  to  the  lower  border  of  the  fourth 
dorsal  vertebra.  As  its  name  implies,  it  forms  an  arch ;  in  this  there  are  two 
curvatures,  one  with  the  convexity  upwards,  and  the  other  with  the  convexity 
forwards  and  to  the  left.  Erom  its  origin  it  runs  for  a  short  distance  upwards, 
backwards,  and  to  the  left,  in  front  of  the  trachea ;  then  it  passes  backwards 
round  the  left  side  of  the  trachea  to  the  left  side  of  the  l)ody  of  the  fourth  dorsal 
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vertebra,  and  finally  turus  downwards  to  become  continuous  with  the  descending 
aorta. 

At  its  commencement  it  has  the  same  diameter  as  the  ascending  aorta,  1| 
inches  (28  mm.),  but  after  giving  off  three  large  branches,  the  diameter  is  reduced 
to  a  little  less  than  one  inch  (23  mm.). 

Relations. — It -is  overlapped  in  front  and  on  the  left  side  by  the  right  and  left  lungs 
and  pleural  sacs,  but  much  more  by  the  latter  than  the  former,  and  in  the  interval 
between  and  behind  the  pleural  sacs  it  is  covered  by  the  remains  of  the  thymus  gland. 
As  it  turns  backwards  it  is  crossed  vertically  on  the  left  side  by  four  nerves  in  the 
following  order  from  before  backwards — the  left  phrenic,  the  inferior  cervical  cardiac 
branch  of  the  left  vagus,  the  superior  cardiac  branch  of  the  left  sympathetic  and  the 
trunk  of  the  left  vagus,  and  the  left  superior  intercostal  vein  passes  obliquely  upwards 
and  to  the  right  between  the  vagus  and  phrenic  nerves. 

Behind  and  to  the  right  side  of  the  arch  are  the  trachea,  the  left  recurrent  laryngeal 
nerve,  the  left  border  of  the  oesophagus,  and  the  thoracic  duct.  Above  are  its  three  large 
branches — the  innominate,  the  left  common  carotid,  and  the  left  subclavian  arteries — and 
crossing  in  front  of  the  roots  of  these  is  the  left  innominate  vein.  Beloiv  is  the  bifurcation 
of  the  pulmonary  artery  and  the  root  of  the  left  lung  ;  the  ligamentum  arteriosum,  which 
is  also  below,  attaches  it  to  the  commencement  of  the  left  pulmonary  artery,  whilst  to 
the  right  of  the  ligament  is  the  superficial  cardiac  plexus,  and  to  its  left  is  the  left 
recurrent  laryngeal  nerve. 

Branches. — The  three  great  vessels  which  supply  the  head  and  neck,  part  of  the 
thoracic  wall,  and  the  upper  extremities — viz.  the  innominate,  the  left  common  carotid, 
and  the  left  subclavian  arteries — arise  from  the  aortic  arch. 

The  descending  aorta  (aorta  descendens). — -The  thoracic  portion  of  the  de- 
scending aorta  lies  in  the  posterior  mediastinum ;  it  extends  from  the  termination 
of  the  arch,  at  the  lower  border  of  the  left  side  of  the  fourth  dorsal  vertebra,  to 
the  aortic  opening  in  the  diaphragm,  where,  opposite  the  twelfth  dorsal  vertebra, 
it  becomes  continuous  with  the  abdominal  portion.  Its  length  is  from  seven  to 
eight  inches  (17"5  to  20  cm.),  and  its  diameter  diminishes  from  23  mm.  at  its 
commencement  to  21  mm.  at  its  termination. 

Relations.  —  Immediately  behind  it  is  the  vertebral  column  and  the  anterior 
common  ligament.  It  rests  also  on  the  vena  azygos  minor  superior  and  the  vena 
azygos  minor  inferior,  whilst  from  its  posterior  aspect  the  aortic  intercostal  branches  are 
given  oft'. 

In  front  it  is  in  relation,  from  above  downwards,  with  the  root  of  the  left  lung,  the  peri- 
cardium which  separates  it  from  the  back  of  the  left  auricle,  the  oesophagus  with  the  oeso- 
phageal plexus  of  nerves,  and  the  crura  of  the  diaphragm  which  separate  it  from  the  Spigelian 
lobe  of  the  liver.  On  the  left  side  are  the  left  lung  and  pleura.  On  the  right  side  the 
thoracic  duct  and  the  vena  azygos  major  form  immediate  relations  along  its  whole  length. 
The  oesophagus  also  lies  to  the  right  of  the  upper  part  of  the  descending  aorta,  whilst  the 
right  lung  and  pleura  are  in  close  relation  below. 

Branches. — Nine  pairs  of  aortic  intercostal  arteries,  two  left  bronchial  arteries,  four 
or  five  oesophageal,  some  small  pericardial,  and  a  few  posterior  mediastinal  branches 
usually  arise  from  the  descending  aorta. 

THE  ABDOMINAL  AOHTA. 

The  abdominal  portion  of  the  descending  aorta  lies  in  the  epigastric  and 
umbihcal  regions  of  the  abdomen.  It  extends  from  the  middle  of  the  lower 
border  of  the  last  dorsal  vertebra  to  the  left  side  of  the  body  of  the  fourth  lumbar 
vertebra,  where  it  bifurcates  into  the  right  and  left  common  ihac  arteries.  The 
point  of  division  is  a  little  below  and  to  the  left  of  the  umbihcus,  opposite  a  line 
drawn  transversely  across  the  abdomen  on  a  level  with  the  highest  points  of  the 
ihac  crests. 

At  its  commencement  it  is  21  mm.  in  diameter,  but  after  the  origin  of  two 
large  branches,  the  coeliac  axis  and  the  superior  mesenteric  arteries,  it  diminishes 
considerably,  and  then  retains  a  fairly  uniform  diameter  to  its  termination. 

Relations. — Behind,  it  is  in  contact  with  the  upper  four  lumbar  vertebrae  and 
48 
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intervening  intervertebral  discs,  the  anterior  common  ligament,  and  the  left  lumbar  veins  ; 
the  lumbar  and  the  middle  sacral  arteries  spring  from  this  aspect  of  the  vessel.  In  front, 
and  in  close  relation  with  it,  there  are  from  above  downwards  the  following  structures  : 
the  coeliac  axis  and  solar  plexus,  the  pancreas  and  splenic  vein,  the  superior  mesenteric 
artery,  the  left  renal  vein,  the  third  part  of  the  duodenutTi,  the  root  of  the  mesentery,  the 
aortic  plexus,  the  inferior  mesenteric  artery,  the  peritoneum  and  coils  of  small  intestine. 
More  superficially  the  stomach,  the  transverse  colon,  and  the  great  omentum  are  in  front. 
On  the  right  side,  in  the  upper  part  of  its  extent,  are  the  thoracic  duct  and  receptaculuni 
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Fig.  553. — The  Abdominal  Aohta  and  its  Branches. 


chyli,  the  vena  azygos  major,  and  the  right  crus  of  tlie  diaphragm,  the  latter  separat- 
ing it  from  the  right  semilunai'  ganglion  and  from  the  upper  part  of  the  inferior  vena 
cava.  In  its  lower  part  it  is  in  direct  relation  with  the  inferior  vena  cava.  On  the 
left  side,  the  left  crus  of  the  diaphragm  with  the  left  semilunar  ganglion,  and  the  foui'th 
part  of  the  duodenum,  are  in  close  relation  with  its  upper  part,  whilst  in  the  lower 
portion  of  its  extent  the  peritoneum  and  some  coils  of  the  small  intestine  are  in  contact 
with  it. 

Branches. — The  branches  form  two  groups,  visceral  and  parietal,  and  each  group 
consists  of  paired  and  unpaired  vessels,  as  follows : — 
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BEANCHES  OF  THE  ASCENDING  AORTA. 

Coronary  Arteries. 

The  coronary  arteries  are  two  in  number,  a  right  and  a  left ;  they  are  distributed 
almost  entirely  to  the  heart,  but  give  also  some  small  branches  to  the  roots  of  the 
great  vessels,  and  to  the  pericardium  (Figs.  545,  546,  and  549). 

The  right  coronary  artery  (a.  coronaria  dextra)  springs  from  the  anterior 
sinus  of  Valsalva.  It  runs  forwards,  between  the  root  of  the  pulmonary  artery 
and  the  right  auricular  appendix,  to  the  auriculo- ventricular  sulcus,  in  which  it 
passes  to  the  right,  and  then,  turning  round  the  margin  of  the  heart,  is  continued  to 
the  left  as  far  as  the  posterior  end  of  the  inferior  interventricular  sulcus,  where  it 
ends  by  dividing  into  two  terminal  branches.  It  is  accompanied  by  branches 
from  the  cardiac  plexus,  and  is  in  relation  with  the  right  coronary  vein. 

Branches.^ — ^Of  the  two  terminal  branches,  one,  the  transverse  (ramus  circumflexus),  is  of 
small  size  ;  it  is  simply  the  continuation  of  the  main  trunk  which  runs  farther  to  the  left  to 
anastomose  with  the  transverse  branch  of  the  left  coronary  artery.  The  other,  the  interventricular 
(ramus  descendens),  is  much  larger  than  the  transverse  branch.  It  runs  forwards  in  the  inferior 
interventricular  sulcus,  supplies  both  ventricles,  and  anastomoses,  at  the  apex  of  the  heart,  with 
the  interventricular  bi-anch  of  the  left  coronary  artery. 

In  addition  to  the  terminal  branches  small  aortic  and  pulmonary  twigs  are  distributed  to  the 
roots  of  the  aorta  and  pulmonary  artery  respectively.  A  right  auricular  branch  passes  upwards 
on  the  anterior  surface  of  the  right  auricle,  between  it  and  the  ascending  aorta ;  one  or  more 
preventricular  branches,  of  small  size,  descend  on  the  anterior  surface  of  the  right  ventricle ;  a 
branch  of  larger  size,  the  marginal  artery,  descends  along  the  right  margin  and  gives  branches  to 
both  surfaces  of  the  right  ventricle. 

The  left  coronary  artery  (a.  coronaria  sinistra)  arioes  from  the  left  posterior 
sinus  of  Valsalva.  In  its  course  and  distribution  it  resembles  in  many  respects 
the  right  coronary  artery,  the  chief  difference  being  that  it  divides  much  sooner 
into  its  two  terminal  branches  ;  the  trunk  of  the  artery  is  therefore  correspondingly 
short.  From  its  origin  it  runs  forwards  between  the  root  of  the  pulmonary  artery 
and  the  left  auricular  appendix,  and,  reaching  the  auriculo-ventricular  sulcus  at  the 
upper  end  of  the  anterior  interventricular  groove,  divides  immediately  into  trans- 
verse and  interventricular  terminal  branches. 

Branches. — The  transverse  terminal  branch  (ramus  circumflexus)  runs  to  the  left  margin  of 
the  heart,  and  there  turns  to  the  inferior  surface  where  it  comes  into  relation  with  the  coronary 
sinus ;  it  ends  by  anastomosing  with  the  transverse  branch  of  the  right  coronary  artery.  It 
supplies  the  left  auricle,  the  left  margin  of  the  heart,  and  the  posterior  part  of  the  lower  surface 
of  the  left  ventricle.  The  interventricular  terminal  branch  (ramus  descendens  anterior)  passes 
down  the  anterior  interventricular  sulcus  to  the  apex  of  the  heart,  where  it  anastomoses  with 
the  interventricular  branch  from  the  right  coronary ;  it  supplies  both  ventricles,  and  is  accom- 
panied by  cardiac  nerves  and  by  the  great  cardiac  vein. 

A  left  auricular  branch,  or  branches  of  small  size,  pass  to  the  wall  of  the  left  auricle,  and  small 
aortic  and  pulmonary  branches  are  also  given  to  the  roots  of  the  aorta  and  pulmonary  arteVy. 

BEANCHES  OF  THE  AECH  OF  THE  AOETA. 

The  branches  which  arise  from  the  arch  of  the  aorta  supply  the  head  and  neck, 
the  upper  extremities,  and  part  of  the  body  wall. 

They  are  three  in  number,  viz.  the  innominate,  the  left  common  carotid,  and 
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tlie  left  subclavian  arteries.  The  inuomiuate  is  a  short  trunk  from  the  termination 
of  which  the  right  common  carotid  and  the  right  subclavian  arteries  spring  (Figs. 
552  and  556) ;  thus  there  is  at  first  a  difference  between  the  stem  vessels  of  opposite 
sides,  but  beyond  this  the  subsequent  course  and  the  ultimate  distribution  of  these 
vessels  closely  correspond. 

THE  INNOMINATE  ARTERY. 

The  innominate  artery  (a.  anonyma,  Fig.  552)  arises  behind  the  middle  of  the 
lower  part  of  the  manubrium  sterni,  from  the  convexity  of  the  arch  of  the  aorta 
near  its  right  or  anterior  extremity,  and  terminates  opposite  the  right  sterno- 
clavicular articulation,  where  it  divides  into  the  right  subclavian  and  right  common 
carotid  arteries. 

Course. — The  trunk,  which  measures  from  one  and  a  half  to  two  inches  (37  to 
50  mm.)  in  length,  runs  upwards,  backwards,  and  outwards  in  the  superior 
mediastinum. 

Relations. — Posterior. — It  is  iu  contact  behind,  with  the  trachea  below  and  with 
the  right  pleural  sac  above. 

Anterior. — The  left  innominate  vein  crosses  in  front  of  the  lower  part  of  the  artery, 
and  above  this  the  sterno-thyroid  muscle  separates  it  from  the  sterno-hyoid  and  the  right 
sterno-clavicular  joint.  The  anterior  margin  of  the  right  pleural  sac  overlaps  the  artery, 
and  the  remains  of  the  thymus  gland,  which  sepai'ate  it  from  the  manubrium  sterni,  are 
also  in  front. 

Lateral. — The  right  innominate  vein  and  the  upper  part  of  the  superior  vena  cava 
are  on  the  right  side  of  the  artery.  On  its  left  side  is  the  origin  of  the  left  common 
carotid  artery,  whilst  at  a  higher  level  the  trachea  is  in  contact  with  it. 

Branches. — As  a  rule  the  innominate  artery  does  not  give  off  any  branches  except 
its  two  terminals,  but  occasionally  it  furnishes  an  additional  branch,  the  thyroidea  ima. 

The  thyroidea  ima  is  an  inconstant  and  slender  vessel.  When  present  it 
sometimes  arises  from  the  arch  of  the  aorta,  but  it  usually  springs  from  the  lower 
part  of  the  innominate.  It  passes  upwards  in  front  of  the  trachea,  through  the 
anterior  part  of  the  superior  mediastinum  and  the  lower  part  of  the  neck,  and  gives  off 
branches  to  the  lateral  lobes  and  isthmus  of  the  thyroid  body  and  to  the  trachea. 

THE  ARTEEIES  OF  THE  HEAD  AND  NECK. 

The  vessels  distributed  to  the  head  and  neck  are  chiefly  derived  from  the 
carotid  truirks ;  there  are,  however,  in  addition,  other  vessels  which  arise  from  the 
main  arterial  stems  of  the  upper  extremities,  and  it  will  be  advantageous  to 
describe  the  most  important  of  these,  viz.  the  vertebral  arteries,  with  the  carotid 
system.  The  smaller  additional  branches  will  be  considered  along  with  the 
remaining  branches  of  the  subclavian  arteries. 

The  carotid  system  of  arteries  consists  on  each  side  of  a  common  carotid  trunk, 
which  divides  into  internal  and  external  carotid  arteries,  from  Avhich  numerous 
branches  are  given  off. 

The  internal  carotid  arteries  are  distributed  almost  entirely  to  the  contents  of 
the  cranial  cavity  internal  to  the  dura  mater,  and  to  the  structures  in  the  cavity 
of  the  orbit.  The  external  carotid  arteries,  on  the  other  hand,  supply  structures  of 
the  head  and  neck  more  externally  situated. 

It  is  to  be  observed,  however,  that  the  vascular  supply  of  the  brain  is  not  wholly 
derived  from  the  internal  carotid  vessels,  but  that  the  vertebral  arteries  also 
contribute  largely  to  it. 

THE  COMMON  CAROTID  ARTERIES. 

The  right  and  the  left  common  carotid  arteries  are  of  unequal  length.  The 
right  common  carotid  commences  at  the  bifurcation  of  the  innominate  artery, 
behind  the  right  sterno-clavicular  articulation ;  the  left  arises  in  the  superior 
mediastinum  from  the  arch  of  the  aorta,  but  each  terminates  at  the  level  of 
the  upper  border  of  the  thyroid  cartilage ;  the  left  artery  has  thus  a  short  intra- 


THE  COMMON  CAKOTID  ARTEEIES. 


V57 


thoracic  course,  and  so  far  its  relations  call  for  separate  consideration ;  whilst  in 
the  rest  of  its  course  it  passes,  like  the  right  common  carotid,  upwards  in  the  neck 
and  has  similar  relations. 

Thoracic  Portion  of  the  Left  Common  Carotid. — The  thoracic  or  mediastinal 
portion  of  the  left  common  carotid  artery  (a.  carotis  communis  sinistra)  extends 
from  the  upper  aspect  of  the  aortic  arch,  a  little  behind  and  to  the  left  of  the 
origin  of  the  innominate  artery,  to  the  left  sterno-clavicular  articulation,  where 
the  cervical  portion  commences.  It  is  about  one  or  one  and  a  half  inches  in 
length  (25  to  37  mm.),  and  it  runs  upwards  and  shghtly  outwards  through  the 
upper  part  of  the  superior  mediastinum,  lying  farther  back  than  the  innominate 
artery  and,  therefore,  being  more  overlapped  by  pleura. 

Relations. — Posterior. — The  vessel  is  in  contact  behind  and  from  below  upwards  with 
the  trachea,  the  left  recurrent  laryngeal  nerve,  the  oesophagus,  and  the  thoracic  duct. 

Anterior. — The  left  innomiuate  vein  runs  obliquely  across  the  front  of  the  artery,  upon 
which  cardiac  branches  from  the  left  vagus  and  sympathetic  descend  vertically.  These 
structures,  together  with  the  remains  of  the  thymus  gland  and  the  anterior  margins  of  the 
left  lung  and  pleura,  separate  the  artery  from  the  manubrium  sterni,  and  from  the  origins 
of  the  sterno-hyoid  and  sterno-thyroid  muscles. 

Lateral. — The  innominate  artery  below  and  the  trachea  above  are  on  the  right  side. 
The  left  pleura,  and,  on  a  posterior  plane,  the  left  phrenic  and  vagus  nerves  and  the  left 
subclavian  artery  are  on  its  left  side. 

Cervical  Portion  of  the  Left  Common  Carotid  Artery. — The  cervical  part 
of  the  left  common  carotid  artery  is  about  three  and  a  half  inches  long ;  it  extends 
from  the  left  sterno-clavicular  articulation  to  the  level  of  the  upper  border  of  the 
thyroid  cartilage  and  the  lower  border  of  the  third  cervical  vertebra,  where  it  ends 
by  dividing  into  the  external  and  internal  carotid  arteries. 

Course. — -It  runs  upwards,  outwards,  and  backwards;  through  the  muscular  and 
the  lower  part  of  the  carotid  divisions  of  the  anterior  triangle  of  the  neck.  In  the 
lower  part  of  its  extent  it  is  separated  from  its  fellow  of  the  opposite  side  by  the 
trachea  and  the  oesophagus,  and  in  the  upper  part  by  the  relatively  wide  pharynx. 

Relations. — It  is  enclosed,  together  with  the  internal  jugular  vein  and  the  vagus 
nerve,  in  a  sheath  of  deep  cervical  fascia — the  carotid  sheath. 

Posterior. — The  longus  colli  and  scalenus  anticus  below  and  the  rectus  capitis  anticus 
major  above  are  separated  from  the  posterior  surface  of  the  artery  and  sheath  by  the  pre- 
vertebral fascia  and  the  sympathetic  cord.  The  inferior  thyroid  artery  crosses  close 
behind  the  vessel  about  the  level  of  the  first  ring  of  the  trachea;  lower  down  the  vertebral 
artery  and  the  thoracic  duct  are  posterior  to  it,  and  the  vagus  nerve  lies  behind  and  to  its 
outer  side. 

Anterior. — The  descendens  cervicis  nerve  descends  superficial  to  the  artery,  usually  out- 
side the  sheath,  but  sometimes  enclosed  in  it.  Opposite  the  sixth  cervical  vertebra  the 
omo-hyoid  muscle  and  the  sterno-mastoid  branch  of  the  superior  thyroid  artery  cross  the 
carotid  artery,  which  is  overlapped,  above  the  omo-hyoid  muscle,  by  the  anterior  border  of 
the  sterno-mastoid,  and  is  frequently  crossed  by  the  superior  thyroid  vein.  Below  the  omo- 
hyoid the  artery  is  covered  by  the  sterno-thyroid,  the  sterno-hyoid,  and  the  sterno-mastoid 
muscles,  and  it  may  be  overlapped  by  the  lateral  lobe  of  the  thyroid  body  ;  it  is  also  crossed 
beneath  the  muscles  by  the  middle  thyroid  vein,  whilst  occasionally  a  communication 
between  the  common  facial  and  anterior  jugular  veins  descends  in  front  of  the  artery 
along  the  anterior  border  of  the  sterno-mastoid.  Just  above  the  sternum  the  anterior 
jugular  vein  is  in  front  of  the  artery,  but  separated  from  it  by  the  sterno-hyoid  and  sterno- 
thyroid muscles. 

Lateral. — The  trachea  and  oesophagus,  with  the  recurrent  laryngeal  nerve  in  the  angle 
between  them,  are  internal  to  the  lower  pai-t  of  the  artery ;  the  pharynx  and  larynx  are 
internal  to  its  upper  part.  The  carotid  gland  lies  immediately  to  the  inner  side  of  the 
termination  of  the  artery. 

The  internal  jugular  vein  occupies  the  outer  part  of  the  carotid  sheath,  and  lies  to  the 
outer  side  of  the  artery,  which  it  also  overlaps  in  front,  especially  in  the  lower  part  of  its 
extent. 

Branches. — As  a  rule  no  branches  are  given  off  from  either  of  the  common  carotid 
arteries  except  the  terminal  branches  and  some  minute  twigs  from  each  to  the  correspond- 
ing carotid  sheath  and  carotid  body,  i 
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The  right  common  carotid  artery,  as  akeady  stated,  differs  as  regards  origin 
from  the  left  commou  carotid.  In  length  and  general  position  it  corresponds  with 
the  cervical  portion  of  the  left  common  carotid,  and  its  relations  also  are  very 
similar.  Such  differences  as  exist  may  be  briefly  summarised  as  follows : — The 
internal  jugular  vein  on  both  sides  hes  external  to  the  artery ;  on  the  left  side  it 
runs  well  in  front  of  the  carotid  artery  in  the  lower  part  of  the  neck,  whilst  on  the 
right  side  the  vein  is  separated  fropi  the  outer  surface  of  the  artery  at  its  lower  end 
by  a  well-marked  interval  in  which  the  vagus  nerve  appears.  The  thoracic  duct 
does  not  come  into  relation  with  the  risjht  common  carotid,  and  there  is  also  a 
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^FiG.  554. — The  Carotid  and  Subclavian  Arteries  and  their  Branches. 

difference  in  the  relations  of  the  recurrent  laryngeal  nerves  to  the  arteries  on  the 
two  sides.  On  the  left  side  the  nerve  crosses  behind  the  mediastinal  part  of  the 
left  artery,  and  lies  internal  to  its  cervical  part,  whilst  the  corresponding  nerve  on 
the  right  side  passes  behind  the  lower  part  of  the  carotid  artery  in  the  neck  to  reach 
its  inner  side. 


THE  EXTERNAL  CAROTID  ARTERY. 

Tlie  external  carotid  artery  (a.  carotis  externa.  Fig.  555)  is  the  smaller  of  the  two 
terminal  branches  of  the  common  carotid  ;  its  length  is  about  two  and  a  half  inches 
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(62  mm.).  It  extends  from  the  upper  border  of  the  thyroid  cartilage  to  the  back 
of  the  neck  of  the  mandible,  where  it  terminates  by  dividing  into  the  superficial 
temporal  and  the  internal  maxillary  arteries. 

Course. — It  commences  in  the  carotid  triangle,  passes  upwards  beneath  the 
posterior  belly  of  -  the  digastric  and  the  stylo-hyoid  muscles  to  enter  the  posterior 
part  of  the  submaxillary  triangle,  where  it  disappears  beneath  the  lower  part  of  the 
parotid  gland,  and  it  terminates  under  cover,  or  in  the  substance  of  the  upper  part 
of  the  gland. 

At  its  commencement  it  lies  somewhat  in  front  of  and  to  the  inner  side  of  the 
internal  carotid  artery,  but,  inclining  slightly  backwards  as  it  ascends,  it  becomes 
superficial  to  the  latter  vessel,  and  its  course  is  indicated  by  a  line  drawn  from  the 
lobule  of  the  ear  to  the  posterior  extremity  of  the  great  cornu  of  the  hyoid  bone. 

Relations. — Posterior-. — In  the  lower  part  of  its  extent  it  is  in  close  relation  with  the 
internal  carotid,  and  in  the  upper  part  of  its  course  with  the  cartilaginous  portion  of  the 
external  auditory  meatus. 

Lateral. — At  its  commencement  the  fibres  of  the  inferior  constrictor  muscle  are  in  con- 
tact with  its  inner  side,  but  at  a  higher  level  the  structures  which  intervene  between  it 
and  the  internal  carotid — viz.  the  stylo-pharyngeus  muscle,  the  tip  of  the  styloid  process, 
the  stylo-glossus  muscle,  the  glosso-pharyngeal  nerve,  and  the  pharyngeal  branch  of  the 
vagus — separate  it  from  the  wall  of  the  pharynx ;  whilst  internal  both  to  it  and  to  the 
internal  carotid  artery  are  the  external  and  internal  laryngeal  branches  of  the  superior 
laryngeal  nerve. 

Superficial. — In  the  carotid  triangle  the  lingual,  ranine,  common  facial,  and  superior 
thyroid  veins  are  superficial  to  it,  and  the  hypoglossal  nerve  ci'osses  the  artery  immediately 
below  the  origin  of  its  occipital  branch.  On  the  boundary  line  between  the  carotid  and 
the  submaxillaiy  triangles  the  posterior  belly  of  the  digastric  and  the  stylo-hyoid  muscles 
cover  the  arterj',  and  from  the  tip  of  the  mastoid  process  downwards  it  is  overlapped  by 
the  anterior  border  of  the  sterno-mastoid  muscle.  Above  the  posterior  belly  of  the 
digastric  the  parotid  gland  is  superficial  to  the  artery,  while  still  more  superficially  are 
the  superficial  fascia  and  the  skin.  In  the  substance  of  the  parotid  gland  the  temporo- 
maxillary  vein  descends  on  the  outer  side  of  the  artery,  and  the  facial  nerve  crosses  on 
the  outer  side  of  the  vein  at  a  right  angle  to  it. 

Branches. — Eight  branches  arise  from  the  external  carotid  artery ;  of  these  three  spring 
from  its  anterior  aspect,  viz.  the  superior  thyroid,  the  lingual,  and  the  facial,  all  of  which 
arise  in  the  carotid  triangle;  two  from  its  posterior  aspect,  viz.  the  occipital  and  the  posterior 
auricular,  the  former  commencing  below  the  posterior  belly  of  the  digastric  and  the  latter 
above  it ;  one  from  its  inner  side,  viz.  the  ascending  pharyngeal,  which  rises  in  the 
carotid  triangle ;  and  two  from  its  termination,  viz.  the  superficial  temporal  and  the 
internal  maxillary. 

I 

Branches  of  the  External  Carotid  Artery. 

(1)  Superior  Thyroid  Artery  (a.  thyroidea  superior.  Figs.  554  and  556). — This 
vessel  springs  from  the  front  of  the  lower  part  of  the  external  carotid  artery,  just 
below  the  tip  of  the  great  cornu  of  the  hyoid  bone,  and  terminates  at  the  upper  ex- 
tremity of  the  lateral  lobe  of  the  thyroid  body  by  dividing  into  its  terminal  branches. 

Course. — From  its  commencement  in  the  carotid  triangle  the  artery  runs  at 
first  forwards  and  a  little  upwards,  it  then  turns  downwards  to  its  termination. 

Relations. — Internally  it  is  in  relation  with  the  inferior  constrictor  muscle  and  the 
external  laryngeal  branch  of  the  superior  laryngeal  nerve. 

Superficially  it  is  covered  at  its  origin  by  the  anterior  border  of  the  stei'no-mastoid  ; 
afterwards,  for  a  short  distance,  by  fascia,  platysma,  and  skin,  and  in  the  lower  part  of  its 
extent  by  the  omo-hyoid,  the  sterno-hyoid,  and  the  sterno-thyroid  muscles,  and  it  is  over- 
lapped by  an  accompanying  vein. 

Branches. — (1)  In  the  carotid  triangle  (a)  an  infra-hyoid  branch  (ramus  hyoideus) 
runs  along  the  lower  border  of  the  great  cornu  of  the  hyoid  bone,  under  cover  of  the 
thyro-hyoid  muscle,  to  anastomose  with  its  fellow  of  the  opposite  side  and  with  the  supra- 
hyoid branch  of  the  lingual  artery.    It  supplies  the  thyro-hyoid  muscle  and  membrane. 

(6)  A  laryngeal  branch  (a.  laryngea  superior)  runs  forwards  beneath  the  thyro-hyoid 
muscle.  It  pierces  the  thyro-hyoid  membrane  in  company  with  the  internal  laryngeal 
nerve,  supplies  the  muscles,  ligaments,  and  mucous  membrane  of  the  larynx,  and 
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anastomoses  with  its  fellow  of  the  opposite  side,  with  branches  of  the  crico-thyroid  artery 
and  with  the  terminal  branches  of  the  inferior  thyroid  artery. 

(c)  The  sterno-mastoid  branch  (ramus  sterno-cleidomastoideus)  passes  downwards  and 
backwards  along  the  upper  border  of  the  anterior  belly  of  the  omo-hyoid  muscle  and  across 
the  common  carotid  artery  to  the  under  surface  of  the  sterno-mastoid  muscle.  It  anasto- 
moses, in  the  sterno-mastoid,  with  branches  of  the  occipital  and  suprascapular  arteries. 

(2)  In  the  muscular  triangle  (d)  a  crico-thyroid  branch  (ramus  crico-thyroideus)  runs 
forwards,  either  over  or  under  the  sterno  thyroid,  and  crosses  the  crico-thyroid  muscle  to 
anastomose  in  front  of  the  crico-thyroid  membrane  with  its  fellow  of  the  opposite  side,  and, 
by  branches  which  perforate  the  crico-thyroid  membrane,  with  laryngeal  branches  of  the 
superior  and  inferior  thyroid  arteries.     It  supplies  the  adjacent  muscles  and  membrane. 

(e)  The  terminal  branches  are  anterior  and  posterior  respectively. 

The  anterior  terminal  branch  (ramus  anterior),  often  much  larger  than  the  crico- 
thyroid artery,  descends  along  the  anterior  border  of  the  lateral  lobe  of  the  thyroid  body, 
and,  extending  on  to  the  upper  border  of  the  thyroid  isthmus,  anastomoses  with  its  fellow 
of  the  opposite  side.  The  posterior  branch  (ramus  posterior)  de.scends  along  the  posterior 
border  of  the  lateral  lobe,  and  both  terminal  branches  supply  the  thyroid  body  (rami 
glandulares).  They  anastomose  with  each  other  and  with  branches  from  the  inferior 
thyroid  artery. 

(2)  Lingual  Artery. — The  lingual  artery  (a.  lingualis,  Figs.  554  and,556)  springs 
from  the  front  of  the  external  carotid,  opposite  the  tip  of  the  great  cornu  of  the 
hyoid  bone,  and  terminates,  as  the  ranine  artery,  beneath  the  tip  of  the  tongue, 
where  it  anastomoses  with  its  fellow  of  the  opposite  side. 

Course. — From  its  commencement,  and  whilst  in  the  carotid  triangle,  the  first 
part  of  the  artery  forms  a  loop  with  the  convexity  upwards.  A  second  part  passes 
forwards,  immediately  above  the  great  cornu  of  the  hyoid  bone,  to  the  anterior 
border  of  the  hyo-glossus  muscle,  where  it  gives  off  a  sublingual  branch.  A  third 
part  passes  obliquely  forwards  and  upwards  under  cover  of  the  anterior  border  of 
the  hyo-glossus,  and  a  fourth  part  runs  directly  forwards  on  the  under  surface  of 
the  tongue  to  the  tip.  The  third  and  fourth  parts  are  frequently  described  together 
as  the  ranine  artery  (a.  profunda  linguae). 

Relations. — The  first  part  of  the  lingual  artery  is  crossed  superficially  by  the  hypo- 
glossal nerve,  but  beyond  this  it  is  only  covered  by  skin,  fascia,  and  the  platysma ;  it  rests 
internally  against  the  middle  constrictor  of  the  pharynx.  In  the  rest  of  its  course  the 
artery  is  for  the  most  part  more  deeply  placed.  The  second  part,  remaining  in  contact 
internally  Avith  the  middle  constrictoi',  passes  beneath  the  hyo-glossus  muscle,  by  which  it 
is  separated  from  the  hypoglossal  nerve,  the  ranine  vein,  and  the  lower  part  of  the  sub- 
maxillary gland.  The  third  part  ascends  almost  vertically,  parallel  with  and  laider  the 
anterior  fibres  of  the  hyo-glossus,  which  is  here  covered  by  the  mylo-hyoid,  and  between  it 
and  the  genio-hyo-glossus.  The  fourth  part  runs  forwards  between  the  inferior  lingualis 
and  the  genio-hyo-glossus  muscles,  and  is  only  covered  on  its  lower  surface  by  the  mucous 
membrane  of  the  tongue.  Thus  the  lingual  artery  at  its  termination,  near  the  frtenum 
linguse,  is  again  comparatively  superficial. 

Branches. — (a)  The  supra-hyoid  (ramus  hyoideus),  a  small  branch  which  arises  in 
the  carotid  triangle  and  runs  along  the  upper  border  of  the  great  cornu  of  the  hyoid  bone. 
It  anastomoses  with  its  fellow  of  the  opposite  side  and  with  the  infrahyoid  branch  of  the 
superior  thyroid  artery. 

(h)  The  dorsalis  linguae  (ramus  dorsalis  linguae)  is  a  branch  of  moderate  size  which 
arises  from  the  second  part  of  the  artery.  It  ascends  on  the  genio-hyo-glossus  to  the 
dorsum  of  the  tongue,  where  it  branches  and  anastomoses  with  its  fellow  of  the  opposite 
side  round  the  foramen  caecum.  It  supplies  the  posterior  part  of  the  tongue  as  far  back 
as  the  epiglottis,  and  sends  branches  backwards  to  the  tonsil  which  anastomose  with  the 
tonsillar  branches  of  the  ascending  palatine  branch  of  the  facial  and  with  the  ascending 
pharyngeal  artery. 

(c)  A  sublingual  branch  (a.  sublingualis)  arises  at  the  lower  part  of  the  anterior  border 
of  the  hyo-glossus  muscle  and  runs  forwards  and  upwards,  between  the  mylo-hyoid  and 
the  genio-hyo-glossus,  to  the  sublingual  gland,  which  it  supplies  ;  it  also  supplies  the  mylo- 
hyoid, the  genio-hyo-glossus,  and  the  genio-hyoid  muscles,  and  it  anastomoses  with  its 
fellow  of  the  opposite  side,  with  the  continviation  of  the  lingual  by  a  branch  which  it 
sends  along  the  fra3num  linguse,  and  through  the  mylo-hyoid  muscle  with  the  submental 
branch  of  the  facial. 
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(3)  Facial  Artery.  —  The  facial  or  external  maxillary  artery  (a.  maxillaris 
externa,  Fig.  554)  springs  from  the  front  of  the  external  carotid  immediately 
above  the  lingual,  and  terminates  at  the  side  of  the  nose,  where  it  divides  into 
lateral  nasal  and  angular  branches. 

Course. — It  commences  in  the  carotid  triangle  and  passes  upwards  and  slightly 
forwards  through  the  submaxillary  triangle  to  the  angle  of  the  jaw.  It  then  runs 
forwards  as  far  as  the  anterior  margin  of  the  masseter,  where  it  turns  round  the 
lower  border  of  the  body  of  the  mandible,  and  is  then  continued  upwards  and 
inwards,  in  the  face,  to  its  termination. 

Relations. — In  the  carotid  triangle  the  artery,  except  just  at  its  origin,  which  is 
beneath  the  anterior  fibres  of  the  sterno-mastoid  muscle,  is  comparatively  superficial.  Its 
deep  sm-face  rests  on  the  middle  and  superior  constrictor  muscles  which  separate  it  from 
the  lower  part  of  the  tonsil.  As  it  passes  into  the  submaxillary  triangle  it  is  crossed  hj 
the  stylo-hyoid  muscle  and  by  the  posterior  belly  of  the  digastric.  In  the  submaxillary 
triangle  it  is  embedded  in  a  groove  in  the  posterior  end  of  the  submaxillary  gland,  and  it 
is  separated  by  the  gland  from  the  more  superficially-situated  facial  vein.  In  the  upper 
part  of  the  submaxillary  region  the  artery  is  just  under  cover  of  the  ramus  of  the  lower 
jaw. 

Turning  round  the  lower  border  of  the  body  of  the  jaw,  which  it  grooves  slightly,  the 
artery  becomes  more  superficial  than  in  any  other  part  of  its  course,  being  covered  only  by 
platysma,  fascia,  and  skin.  At  this  point  the  facial  vein  is  close  behind  the  artery,  and 
lies  on  the  surface  of  the  masseter.  On  the  face  the  artery  lies  between  the  platsyma, 
the  risorius,  the  zygomaticus  major  and  the  levator  labii  superioris,  which,  with  skin 
and  fascia,  are  siiperficial  to  it,  and  the  buccinator  and  levator  anguli  oris,  which  are 
deeper.  The  termination  of  the  artery  is  in  the  substance  of  the  levator  labii  superioris 
et  alse  nasi. 

The  facial  vein,  though  still  posterior  to  the  artery  in  the  face,  runs  a  somewhat 
straighter  course,  and  is  situated  at  some  little  distance  from  it. 

Branches. — Four  named  branches  are  given  off  in  the  neck,  and  seven  in  the  face. 

In  the  Neck.  —  (a)  The  ascending  palatine  (a.  palatina  ascendens.  Fig.  556)  is  a 
small  artery  which  arises  from  the  facial  as  it  enters  the  submaxillary  triangle.  It 
ascends  under  the  internal  pterygoid  and  upon  the  superior  constrictor  and,  passing 
between  the  stylo-glossus  and  the  stylo-pharyngeus  muscles,  reaches  the  apex  of  the 
petrous  portion  of  the  temporal  bone,  where  it  turns  downwards  accompanying  the  levator 
palati  muscle,  pierces  the  pharyngeal  aponeurosis,  and  enters  the  soft  palate. 

It  supplies  the  lateral  wall  of  the  upper  part  of  the  pharj-nx,'  the  soft  palate,  the 
tonsils,  and  the  Eustachian  tube,  and  it  anastomoses  with  the  tonsillar  branch  of  the  facial, 
the  dorsalis  lingute,  the  posterior  palatine  branch  of  the  internal  maxillary,  and  with  the 
ascending  pharyngeal  artery  which  sometimes  replaces  it. 

(6)  The  tonsillar  (ramus  tonsillaris),  a  small  artery  which  arises  close  to  the  ascend- 
ing palatine.  It  passes  upwards  between  the  internal  pterygoid  and  tlie  stylo-glossus, 
pierces  the  superior  constrictor,  and  tei'minates  in  the  tonsil.  It  supplies  the  middle  and 
superior  constrictor  muscles,  and  it  anastomoses  with  the  dorsalis  linguse,  with  the  ascend- 
ing palatine  branch,  and  with  the  ascending  pharyngeal  artery. 

(c)  The  submaxillary  or  glandular  branch  is  frequently  represented  by  two  or  three 
small  twigs  (rami  glandulares)  which  pass  directly  from  the  facial  trunk  into  the  sub- 
stance of  the  submaxillary  gland. 

{d)  The  submental  branch  (a.  submentalis)  arises  from  the  facial  just  as  the  latter 
vessel  turns  round  the  inferior  border  of  the  body  of  the  jaw.  It  is  the  largest  branch 
given  off  in  the  neck  and  it  runs  forwards,  on  the  outer  surface  of  the  mylo-hyoid  muscle 
and  under  the  upper  part  of  the  submaxillary  gland,  to  the  symphysis  menti,  where  it 
turns  upwards  round"  the  margin  of  the  jaw,  and  terminates  by  anastomosing  with 
branches  of  the  mental  and  inferior  labial  arteries.  In  the  neck  the  submental  artery 
supplies  the  mylo-hyoid  muscle,  and  the  submaxillary  and  sublingual  glands,  the  latter 
by  a  bi'anch  which  perforates  the  mylo-hyoid  muscle.  It  anastomoses  with  the  mylo- 
hyoid branch  of  the  inferior  dental  and  with  the  sublingual  artery.  In  the  face  it 
supplies  the  structures  of  the  lower  lip,  and  anastomoses  with  the  mental  branch  of 
the  inferior  dental,  and  with  the  inferior  labial  and  inferior  coronary  branches  of  the 
facial  artery. 

In  the  Face.  —  (e)  The  inferior  labial  branch  (a.  labialis  inferior)  arises  from 
the  front  of  the  facial  artery  immediately  above  the  lower  border  of  the  mandible. 
It  runs  forwards  beneath  the  depressor  muscles  of  the  angle  of  the  mouth  and  the 
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lower  lip,  supplying  the  skin,  muscles,  and  mucous  membrane,  and  anastomoses  with  the 
mental  branch  of  the  inferior  dental,  with  the  inferior  coronary,  Avith  the  submental,  and 
Avith  its  fellow  of  the  opposite  side. 

(/)  The  inferior  coronary  springs  from  the  front  of  the  facial  artery,  either 
together  with  or  directly  above  the  inferior  labial  branch.  It  runs  forwards  beneath  the 
depressor  anguli  oris,  and  between  tlie  fibres  of  the  orbicularis  oris  and  the  mucous  mem- 
brane of  the  lip.  It  supplies  the  adjacent  parts,  and  anastomoses  with  its  fellow  of  the 
opposite  side,  and  with  the  mental,  inferior  labial,  and  submental  arteries. 

{g)  The  superior  coronary  (a.  labialis  superior)  spi-ings  from  the  front  of  the  facial 
beneath  the  zygomaticus  major,  and  runs  forwai'ds  and  inwards  between  the  orbicularis 
oris  and  the  mucous  membrane  of  the  upper  lip  to  the  middle  line.  It  supplies 
the  skin,  muscles,  and  mucous  membrane  of  the  upper  lip,  and  the  lower  and  front  part  of 
the  septum  of  the  nose,  by  a  septal  branch  which  runs  upwards  on  the  anterior  part  of  the 
nasal  septum.  It  anastomoses  with  its  fellow  of  the  opposite  side,  with  the  lateral  nasal, 
and,  on  the  septum  nasi,  with  the  naso-palatine  branch  of  the  sj^heno-palatine  artery. 

(/i)  The  masseteric  branch,  sometimes  represented  by  several  twigs,  arises  from  the 
posterior  aspect  of  the  facial  trunk  a  short  distance  above  the  lower  margin  of  the  jaw.  It 
passes  upwards  and  backwards  across  the  masseter,  and  anastomoses  with  the  transverse 
fiicial  artery. 

(^)  The  buccal  is  an  inconstant  branch  which,  when  present,  arises  from  tlie  back  of 
the  facial  artery  above  the  masseteric  branch  and  runs  upwards  and  backwards,  across  the 
buccinator  muscle,  to  anastomose  with  the  buccal  branch  of  the  internal  maxillary  artery. 

(Ic)  The  lateral  nasal,  one  of  the  terminal  branches  of  the  facial  artery,  is  usually 
small.  It  ramifies  on  the  ala  of  the  nose,  supplying  the  skin,  muscles,  and  lower 
lateral  cartilages,  and  anastomosing  wath  the  angular  branch,  with  the  nasal  branch  of  the 
ophthalmic,  and  with  branches  of  the  spheno-palatine  artery. 

(V)  The  angular  (a.  angularis),  the  other  terminal  branch  of  the  facial,  continues 
the  direction  of  the  main  trunk  along  the  side  of  the  nose  to  the  inner  angle  of  the 
orbit.  It  supplies  the  skin  and  muscles  of  the  side  of  the  nose,  and  anastomoses  with  the 
lateral  nasal,  and  with  the  nasal  and  palpebral  branches  of  the  ophthalmic  artery. 

(4)  Occipital  Artery  (a.  occipitalis,  Figs.  554,  555,  and  582). — This  vessel  arises 
from  the  back  of  tiie  external  carotid  artery,  below  the  posterior  belly  of  the 
digastric  muscle,  and  terminates  near  the  inner  end  of  the  superior  curved  line 
of  the  occipital  bone  by  dividing  into  internal  and  external  terminal  branches. 

Course. — It  commences  in  the  carotid  triangle  and  runs  upwards  and  back- 
wards, parallel  with  and  iinder  cover  of  the  posterior  beUy  of  the  digastric,  to  the 
interval  between  the  transverse  process  of  the  atlas  and  the  base  of  the  skull,  where 
it  turns  backwards  in  a  groove  on  the  under  surface  of  the  mastoid  portion  of  the 
temporal  bone ;  as  it  leaves  the  groove  it  alters  its  direction  and  runs  upwards 
and  inwards  on  the  superior  oblique  muscle  to  the  junction  of  the  inner  and 
middle  thirds  of  the  superior  curved  line  of  the  occipital  bone,  where  it  enters  the 
superficial  fascia  of  the  scalp. 

Relations. — In  the  first  or  ascending  part  of  its  course  the  occipital  artery  crosses 
successively  the  internal  cai'otid  artery,  the  hypoglossal  nerve,  the  vagus  nerve,  the  internal 
jugular  vein,  and  the  spinal  accessory  nerve  ;  it  is  covered  by  the  lower  fibres  of  the 
posterior  belly  of  the  digastric  and  the  anterior  part  of  the  sterno-mastoid  muscle  and, 
close  to  its  origin,  it  is  crossed  by  the  hypoglossal  nerve.  In  the  second,  or  more 
horizontal  part  of  its  course,  it  is  still  under  cover  of  the  sterno-mastoid  and  digastric, 
and  lies  internally  against  the  rectus  capitis  lateralis,  which  separates  it  from  the 
vertebral  artery.  In  the  third  pai't  of  its  course  it  rests  upon  the  superior  oblique 
and  complexus,  and  is  under  cover  of  the  sterno-mastoid,  the  splenius  capitis,  and  the 
trachelo-mastoid  muscles.  At  its  termination  it  is  crossed  by  the  great  occipital  nerve ; 
it  passes  either  through  the  trapezius  or  between  the  trapezius  and  the  sterno-mastoid, 
and  pierces  the  deep  fascia  of  the  neck  before  it  enters  the  superficial  fascia  of  the  scalp. 

Branches. — («)  Muscular  branches  (rami  musculares)  go  to  the  surrounding  muscles. 
The  sterno-mastoid  branch  (a.  sternocleido-mastoidea)  is  the  most  important  of  this  grouji ; 
it  springs  from  the  commencement  of  the  occipital,  is  looped  downwards  across  the  hypo- 
glossal nerve,  and  is  continued  downwards  and  backwards,  below  and  in  front  of  the 
spinal  accessory  nerve,  into  the  sterno-mastoid  muscle  where  it  anastomoses  with  the 
sterno-mastoid  branch  of  the  superior  thyroid  artery. 

(//)  The  meningeal  are  irregular  branches  (rami  meningei)  given  off  from  the  occipital 
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behind  the  mastoid  process.  They  enter  the  posterior  fossa  of  the  skull  through  the  anterior 
condyloid  foramen,  or  through  the  foramen  lacerum  jjosterius  ;  they  supply  the  upper  part 
of  the  internal  jugular  vein,  the  lateral  sinus,  and  the  dura  mater  in  the  posterior  fossa 
of  the  skull,  and  they  anastomose  with  the  middle  meningeal  and  with  meningeal  branches 
of  the  ascending  pharyngeal  artery. 

(c)  The  mastoid,  a  small  and  irregular  branch  (ramus  mastoideus)  given  oflf  from  the 
occipital  behind  the  mastoid  process.  It  enters  the  posterior  fossa  of  the  skull  through 
the  mastoid  foramen,  supplies  the  dura  mater,  and  anastomoses  with  branches  of  the 
middle  meningeal  artery. 

(d)  The  princeps  cervicis  (ramus  descendens)  is  a  large  branch  given  off  from  the 
occipital  upon  the  surface  of  the  superior  oblique.  It  passes  inwards  to  the  outer  border 
of  the  complexus,  where  it  divides  into  superficial  and  deep  branches.  The  superficial 
branch  runs  over  the  complexus,  between  it  and  the  trapezius,  and  anastomoses  with  the 
superficial  cervical  artery.  The  deep  branch  dips  beneath  the  complexus  into  the  sub- 
occipital triangle,  where  it  anastomoses  with  branches  of  the  A'ertebral  and  profunda 
cervicis  arteries. 

(e)  The  auricular  (ramus  auricularis)  is  an  inconstant  branch  which,  as  a  rule,  is 
only  given  otf  from  the  occipital  when  the  posterior  auricular  artery  is  absent.  It 
ramifies  over  the  mastoid  process,  and  supplies  the  inner  surface  of  the  pinna. 

(/')  The  terminal  branches  (rami  occipitales)  are  internal  and  external.  They  ramify 
in  the  superficial  fascia  of  the  posterior  part  of  the  scalp,  anastomosing  with  the  posterior 
auricular  and  superficial  temporal  arteries.  They  are  both  accom^aanied  by  branches  of 
the  great  occipital  nerve,  and  the  internal  branch  gives  off  a  parietal  twig,  which  passes 
into  the  skull  through  the  parietal  foramen  to  supply  the  walls  of  the  superior  longitudinal 
sinus,  and  to  anastomose  with  the  middle  meningeal  artery. 

(5)  Posterior  Auricular  Artery  (a.  auricularis  posterior,  Figs.  554,  555). — The 
posterior  auricular  artery  springs  from  the  back  of  the  external  carotid,  im- 
mediately above  the  posterior  belly  of  the  digastric  muscle,  aud  terminates  between 
the  mastoid  process  and  the  back  of  the  pinna  by  dividing  into  mastoid  and 
auricular  branches. 

Course  and  relations. — Commencing  in  the  posterior  part  of  the  submaxil- 
lary triangle,  it  runs  upwards  and  backwards,  under  cover  of  the  posterior  part  of 
the  parotid  gland,  to  the  interval  between  the  mastoid  process  and  the  external 
aiiditory  meatus.  It  is  accompanied  in  the  terminal  part  of  its  course  by  the 
posterior  auricular  branch  of  the  facial  nerve. 

Branches. — (a)  Muscular  branches  are  given  to  the  sterno-mastoid,  the  digastric, 
and  the  styloid  group  of  muscles. 

(b)  Parotid  branches  pass  to  the  lower  and  posterior  part  of  the  parotid  gland. 

(c)  A  stylo-mastoid  branch  (a.  stylomastoidea)  is  given  off  at  the  lower  border  of  the 
external  auditory  meatus.  It  runs  upwards  by  the  side  of  the  facial  nerve,  enters  the 
stylo-mastoid  foramen,  and  ascends,  in  the  aqueduct  of  Fallopius,  to  the  upper  part  of  the 
inner  wall  of  the  tympanum  where  it  terminates  by  anastomosing  with  the  petrosal 
branch  of  the  middle  meningeal  artery.  It  supplies  branches  to  the  external  auditory 
meatus,  the  mastoid  cells,  the  vestibule,  and  semicircular  canals,  the  stapedius  muscle,  and 
the  tympanic  cavity  (a.  tympanica  posterior).  One  of  the  latter  branches,  anastomosing 
with  the  tympanic  branch  of  the  internal  maxillai-y,  forms,  in  young  subjects,  a  vascular 
circle  round  the  membrana  tympani ;  other  branches  anastomose  with  tympanic  branches 
from  the  internal  carotid  and  the  ascending  pharyngeal  arteries,  and  with  the  auditory 
branch  of  the  basilar. 

(d)  The  auricular,  or  anterior  terminal  branch  (ramus  auricularis),  ascends  beneath 
the  retrahens  aurem  muscle.  It  gives  branches  to  the  scalp  in  the  posterior  part  of  the 
temporal  region,  which  anastomose  with  the  superficial  temporal  and  occipital  arteries, 
and  to  the  pinna.  The  latter  branches  supply  both  surfaces  of  the  pinna,  piei-cing  or 
turning  round  the  margins  of  the  cartilage  to  gain  the  outer  surface,  and  they  anasto- 
mose with  the  auricular  branches  of  the  superficial  temporal  artery. 

(e)  The  mastoid,  or  posterior  terminal  branch  (ramus  occipitalis),  runs  upwards  and 
backwards  along  the  insertion  of  the  sterno-mastoid  muscle.  It  supplies  the  sterno- 
mastoid,  the  occipito  -  frontalis,  and  the  skin,  and  it  anastomoses  with  the  occipital 
artery. 

(6)  Ascending  Pharyngeal  Artery  (a.  pharyngea  ascendens,  Fig.  556). — This 
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arises  from  the  inner  surface  of  the  lower  part  of  the  external  carotid,  and 
terminates  in  the  wall  of  the  pharynx  and  in  the  soft  palate. 

Course. — Commencing  in  the  carotid  triangle,  usually  as  the  first  or  second 
branch  of  the  external  carotid,  it  ascends  on  the  wall  of  the  pharynx  to  the  apex 
of  the  petrous  portion  of  the  temporal  bone. 

Relations. — Internally  it  is  in  relation  with  the  constrictor  muscles  of  the  pharynx. 
Behind  it  are  the  transverse  processes  of  the  cervical  vertebrae,  the  sympathetic  cord, 
and  the  rectiis  capitis  anticus  major.  Externally  it  is  in  relation  with  the  internal 
carotid  artery,  and  it  is  crossed  by  the  stylo-pharyngeus  muscle,  the  glosso-pharyngeal 
nerve,  and  the  pharyngeal  branch  of  the  vagus. 

Branches. — The  branches  of  this  artery  are  very  irregular  and  inconstant,  but  the 
following  have  received  names  : — 

(a)  Pharyngeal  Branches  (rami  pharyngei). — Small  twigs  which  ramify  on  the  walls 
of  the  pharynx  and  supply  the  middle  and  superior  constrictor  muscles,  the  tonsil,  and 
the  lower  part  of  the  Eustachian  tube.  They  anastomose  with  branches  of  the  superior 
thyroid,  lingual,  and  facial  arteries. 

(6)  Prevertebral. — Small  branches  distributed  to  the  prevertebral  muscles  and  fascia, 
the  deep  cervical  glands,  and  the  large  nerve  trunks.  They  anastomose  with  the  ascending 
cervical  and  vertebral  arteries. 

(c)  Meningeal(a.  meningea  posterior)one  or  more  small  branches  which  enter  the  cranium 
by  the  anterior  condyloid,  the  posterior  lacerate,  or  the  middle  lacerate  foramen^  and 
supply  the  dura  mater.  They  anastomose  with  branches  of  the  middle  meningeal  and 
vertebral  arteries. 

{(1)  Tympanic  (a.  tympanica  inferior),  a  small  artery  which  accompanies  the  tympanic 
branch  of  the  glosso-pharyngeal  nerve  to  the  tympanic  cavity,  where  it  anastomoses  with 
the  other  tympanic  arteries. 

(e)  Palatine. — A  very  variable  artery  which  sometimes  replaces  the  ascending  palatine 
branch  of  the  facial  artery.  When  present  it  springs  from  the  upper  part  of  the  ascend- 
ing pharyngeal  artery,  pierces  the  pharyngeal  aponeurosis  above  the  upper  border  of 
the  superior  constrictor  muscle,  and  descends  into  the  soft  palate  with  the  levator  palati 
muscle.  It  supplies  the  mucous  membrane  of  the  supero-lateral  part  of  the  pharyngeal 
wall  and  the  tissues  of  the  soft  palate,  and  it  anastomoses  with  the  palatine  branches  of 
the  internal  maxillary,  the  facial,  and  the  lingual  arteries.  • 

(7)  Superficial  Temporal  Artery  (a.  temporalis  superficialis.  Fig.  554). — This 
artery,  one  of  the  terminal  branches  of  the  external  carotid,  commences  in  the 
upper  part  of  the  parotid  gland,  behind  the  neck  of  the  mandible,  and  terminates 
in  the  scalp,  from  one  to  two  inches  (25  to  50  mm.)  above  the  zygoma,  by  dividing 
into  an  anterior  and  a  posterior  terminal  branch. 

Course. — The  artery  ascends  over  the  posterior  root  of  the  zygoma,  and  passes 
into  the  superficial  fascia  of  the  temporal  region.  It  is  accompanied  by  the 
auriculo-temporal  nerve,  and  by  the  superficial  temporal  vein  which  usually  lies 
posterior  to  it.  As  it  crosses  the  zygoma  it  lies  immediately  beneath  the  skin,  and 
it  may  be  easily  compressed  against  the  subjacent  bone. 

Branches. — («)  Parotid,  small  In-anches  (rami  parotidei)  to  the  iipper  part  of  the 
parotid  gland. 

ijj)  Articular,  to  the  temporo-mandibular  articulation. 

(c)  Auricular. — Small  branches  (rami  auriculares  anteriores)  to  the  outer  surface  of 
the  pinna  and  to  the  external  auditory  meatus.  They  anastomose  on  the  surface  of  the 
pinna  with  branches  of  the  posterior  auricular  artery,  and  in  the  external  meatus  with 
branches  of  the  internal  maxillary  artery. 

(fZ)  Transverse  Facial  (a.  transversa  faciei). — A  branch  of  moderate  size  which  rises  in 
the  substance  of  the  parotid  gland.  It  emerges  from  the  upper  part  of  the  anterior 
border  of  the  gland,  runs  forwards  across  the  masseter,  below  the  zygoma  and  above 
Stensou's  duct,  accompanied  by  the  infraorbital  branches  of  the  facial  nerve  which  may 
lie  either  above  or  below  it.  It  is  distributed  to  the  parotid  gland,  the  masseter,  Sten- 
sou's duct,  and  the  skin,  and  it  terminates  in  branches  which  anastomose  with  the  infra- 
orbital and  buccal  branches  of  the  internal  maxillary  artery,  and  with  the  buccal  and 
masseteric  branches  of  the  facial  artery. 

(e)  Middle  Temporal  (a.  temporalis  media). — A  branch  which  usually  springs  from  the 
supei'ficial  temporal  in  the  parotid  gland.    It  crosses  the  zygoma,  pierces  the  temporal 


BEANCHES  OF  THE  EXTERNAL  CAROTID  ARTERY. 


765 


fascia  and  the  temporal  muscle,  and  terminates  in  the  temporal  fossa  by  anastomosing 
with  the  deep  temporal  branches  of  the  internal  maxillary  artery. 

(/)  Orbital  (a.  zygomatico-orbitalis). — Tliis  branch  may  spring  directly  from  the 
superficial  temporal,  but  it  is  frequently  a  branch  of  the  middle  temporal.  It  runs 
forwards  above  the  zygoma  between  the  two  layers  of  the  temporal  fascia.  It  supplies 
branches  to  the  orbicularis  palebrarum,  and  anastomoses,  through  the  malar  bone  and 
round  the  outer  margin  of  the  orbit,  with  the  lachrymal  and  palpebral  branches  of  the 
ophthalmic  artery. 

(ff)  The  anterior  terminal  branch  (ramus  frontalis)  runs  forwards  and  upwards,  in  a 
tortuous  course,  through  the  superficial  fascia  of  the  scalp  towards  the  frontal  eminence, 
lying  at  first  upon  the  temporal  fascia,  and  then  upon  the  epicranial  aponeurosis.  It 
supplies  the  frontalis  and  the  orbiculai'is  palpebrarum,  and  anastomoses  with  the  lachrymal 
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Fig.  555. — The  External  Carotid,  Internal  Maxillary,  and  Meningeal  Arteries. 

and  supraorbital  branches  of  the  ophthalmic  artery,  with  the  posterior  terminal  branch  of 
the  superficial  temporal,  and  with  its  fellow  of  the  opposite  side. 

(h)  The  posterior  terminal  branch  (ramus  parietalis),  less  tortuous  than  the  anterior, 
runs  ^upwai'ds  and  backwards  in  the  superficial  fascia  of  the  scalp.  It  anastomoses, 
anteriorly,  ^vith  the  antei'ior  terminal  branch,  posteriorly  with  the  posterior  auricular 
and  occipital  arteries,  and,  across  the  middle  line,  with  its  fellow  of  the  opposite  side.  It 
supplies  the  skin  and  fascia,  and  the  attrahens  and  attoUens  aurem  muscles. 

(8)  Internal  Maxillary  Artery  (a.  maxillaris  interna).— The  internal  maxillary 
artery  commences  in  the  parotid  gland  behind  the  neck  of  the  lower  jaw,  and 
terminates  in  the  spheno-maxillary  fossa. 

Course  and  Relations. — Although  the  internal  maxillary  artery  is  only  a 
short  trunk  it  has  many  important  relations,  in  the  consideration  of  which  it  is 
convenient  to  arbitrarily  divide  the  vessel  into  three  parts.  The  first  part  extends 
from  the  back  of  the  neck  of  the  mandible  forwards  into  the  zygomatic  fossa  as 
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far  as  the  lower  border  of  the  external  pterygoid  muscle.  It  hes  between  the 
spheno-mandibular  ligament  and  the  neck  of  the  jaw,  along  with  the  auriculo- 
temporal nerve  and  the  internal  maxillary  vein.  The  second  part  is  in  the  zygo- 
matic fossa,  and  ascends  upwards  and  forwards.  It  may  he  superficial  to,  or  under 
cover  of,  the  lower  head  of  the  external  pterygoid  mirscle.  In  the  former  case  it 
is  situated  between  tlie  temporal  and  external  pterygoid  muscles,  and  in  the  latter 
between  the  external  pterygoid  muscle  and  the  branches  of  the  third  division  of 
the  fifth  nerve.  The  third  part  passes  Ijetween  the  upper  and  the  lower  heads 
of  the  external  pterygoid,  through  the  pterygo-maxillary  fissure  and  into  the 
spheno-maxillary  fossa. 

Branches. — From  the  first  part. — (a)  Deep  auricular  (a.  avmcularis  profunda),  a 
small  branch  which  rises  in  the  parotid  gland  and  passes  upwards  to  enter  the  external 
auditory  meatus.  It  supplies  the  temporo-mandibular  joint,  the  parotid  gland,  and  the 
external  meatus,  and  anastomoses  with  branches  of  the  superficial  temporal  and  posterior 
auricular  arteries. 

(J))  The  tympanic  (a.  tympanica  anterior),  a  variable  and  small  branch  which  com- 
mences in  the  parotid  gland.  It  runs  upwards  and  backwards,  traverses  the  Glasseriau 
fissure,  and  enters  the  tympanum  through  its  outer  wall.  In  the  tympanic  cavity  it 
anastomoses  with  tympanic  branches  from  the  internal  carotid  and  the  ascending 
pharyngeal  arteries,  and  with  the  stylo-mastoid  branch  of  the  posterior  auricuhx?,  forming 
with  the  latter,  in  yoinig  subjects,  a  circular  anastomosis  round  the  tympanic  membrane. 

(c)  Middle  Meningeal  (a.  meningea  media). — The  largest  branch  of  the  internal 
maxillar}'.  It  ascends  between  the  external  pterygoid  muscle  and  the  spheno-mandibular 
ligament,  and  passes  between  the  two  roots  of  the  auriculo-temporal  nerve  and  through 
the  foramen  spinosum,  to  enter  the  middle  fossa  of  the  cranial  cavity.  Before  it  enters 
the  skull  it  lies  behind  the  third  division  of  the  fifth  nerve,  and  is  accompanied  by 
two  vense  comites  which  also  pass  through  the  foramen  spinosum.  In  the  middle  cranial 
fossa  it  passes  forward  and  upwards  for  a  short  distance,  in  a  groove  on  the  great  wing  of 
the  sphenoid,  between  the  dura  mater  and  the  bone,  and  divides  into  anterior  and 
posterior  terminal  branches 

Branches. — (i.)  Petrosal  (ramus  petrosus  superficialis). — A  small  branch  which  arises  from  the 
middle  meningeal  soon  after  it  enters  the  cranium.  It  passes  through  the  hiatus  Fallopii  and 
anastomoses  with  the  stylo-mastoid  branch  of  the  posterior  auricular  artery  ;  it  also  sends  some 
small  branches  into  the  tympanic  cavity. 

(ii.)  Gasserian. — Minute  branches  which  supph'  the  Gasserian  ganglion  and  the  roots  of  the 
fifth  cranial  nerve. 

(iii.)  Tympanic  (a.  tympanica  superior). — A  small  twig  which  reaches  the  tympanic  cavity 
through  the  canal  for  the  tensor  tympani  muscle,  or  through  the  petro-squamous  suture. 

(iv.)  Orbital. — An  anastomosing  branch  which  occasionally  arises  from  the  anterior  terminal 
branch.  It  passes  through  the  foramen  lacerum  anterius  into  the  orbit,  and  anastomoses  with  the 
lachrymal  artery. 

(v.)  Anterior  terminal,  the  larger  of  the  two  terminal  branches,  passes  upwards  along  the 
great  wing  of  the  sphenoid  to  the  antero -inferior  angle  of  the  parietal  bone,  where  it  is  sometimes 
enclosed  in  a  distinct  bonj'  canal ;  it  is  continued  upwards  a  short  distance  behind  the  anterior 
border  of  the  parietal  bone  almost  to  the  vertex  of  the  skull,  sending  branches  forwards  into  the 
anterior,  and  backwards  towards  the  posterior  cranial  fossa. 

(vi.)'  The  posterior  terminal  branch  passes  backwards  from  the  great  wing  of  the  sphenoid  to 
the  scpiamous  part  of  the  temporal  bone,  beyond  which  it  ascends  to  the  middle  of  the  inner 
s'urface  of  the  parietal  bone.  It  sends  branches  upwards  to  the  vertex,  and  backwards  towards 
the  posterior  cranial  fossa. 

By  means  of  its  various  branches  the  middle  meningeal  artery  anastomoses  with  its  fellow  of 
the  opposite  side,  with  meningeal  branches  from  the  occipital,  ascending  pharyngeal,  ophthalmic, 
and  lachrymal  arteries ;  also  with  the  stylo-mastoid  branch  of  the  posterior  auricular,  the  small 
meningeal  artery,  with.the  deep  temporal  arteries  through  the  substance  of  the  temporal  bone, 
and  with  its  fellow  of  the  opposite  side. 

(r/)  A  small  meningeal  branch  (ramus  meningeus  accessorius)  may  arise  either 
directly  from  the  first  part  of  the  internal  maxillary  or  from  its  middle  meningeal  branch. 
It  passes  upwards,  on  the  inner  side  of  the  external  pterygoid  muscle,  enters  the  middle 
fossa  of  the  skull  through  the  foramen  ovale,  supplies  the  Gasserian  ganglioia  and  the 
dura  mater,  and  terminates  by  anastomosing  with  branches  of  the  middle  meningeal 
artery. 

(e)  The  inferior  dental  (a.  alveolaris  inferior)  is  a  branch  of  moderate  size  which 
passes  downwards  between  the  spheno-mandibular  ligament  and  the  mandible  to  the 
mandibular  foramen.     It  is  accompanied  by  the  inferior  dental  nerve  which  lies  in  front. 
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After  entering  the  foramen  it  descends  in  the  mandibular  canal,  and  terminates  at  the 
mental  foramen  by  dividing  into  mental  and  incisive  branches. 

Branches. — Before  it  enters  the  mandibular  foiamen  it  gives  off  two  branches. 

(i.)  The  lingual,  a  small  twig  to  the  buccal  mucous  membrane  which  accompanies  the  lingual 
nerve,  (ii.)  The  mylo-hyoid  (ramus  mylohoideus),  a  small  branch  which  is  given  off  immediately 
above  the  mandibular  foramen.  It  pierces  the  spheno-mandibular  ligament,  and  descends  in  the 
mylo-hyoid  groove,  in  company  with  the  mylo-hyoid  nerve,  to  the  floor  of  the  mouth,  where  it 
anastomoses,  on  the  superficial  surface  of  the  mylo-hyoid  muscle,  with  the  submental  branch  of 
the  facial  artery. 

In  the  mandibular  canal  the  following  branches  are  given  off : — 

(i.)  Molar  branches  to  the  molar  teeth,  (ii.)  Bicuspid  branches  to  the  bicuspid  teeth,  (iii.)  The 
incisive  terminal  branch,  which  supplies  the  incisor  teeth  and  anastomoses  with  its  fellow  of  the 
opposite  side,  (iv.)  The  mental  terminal  branch  (a.  mentalis),  which  passes  through  the  mental 
foramen,  emerges  beneath  the  depressor  labii  inferioris,  and  anastomoses  with  its  felloAv  of  the 
opposite  side,  with  the  inferior  coronary,  the  inferior  labial,  and  with  the  submental  arteries. 

From  the  second  part. — {a)  The  masseteric  (a.  masseterica),  a  small  branch  which 
passes  directly  outwards,  through  the  sigmoid  notch,  to  the  deep  surface  of  the  masseter 
muscle.  It  anastomoses  in  the  substance  of  the  muscle  with  branches  of  the  transverse 
facial  and  with  the  masseteric  branches  of  the  facial  artery. 

(6)  Deep  Temporal. — Two  in  number,  anterior  (a.  temporalis  profunda  anterior) 
and  posterior  (a.  temporalis  profunda  posterior).  They  ascend  between  the  temporal 
muscle  and  the  squamous  portion  of  the  temporal  bone,  supplying  the  muscle  and 
anastomosing  with  the  temporal  and  lachrymal  arteries,  and,  through  the  substance  of 
the  temporal  bone,  with  the  middle  meningeal  artery. 

(c)  Small  pterygoid  branches  (rami  pterygoidei)  supply  the  internal  and  external 
pterygoid  muscles. 

{d)  The  buccal  (a.  buccinatoria),  a  long  slender  branch  which  jjasses  obliquely  forwards 
and  downwards  with  the  long  buccal  nerve.  It  supplies  the  buccinator  muscle,  the  skin 
and  mucous  meinbrane  of  the  cheek,  and  anastomoses  with  the  buccal  branch  of  the 
facial  artery. 

Frorii  the  third  part. — {a)  A  posterior  superior  dental  branch  (a.  alveolaris  superior 
posterior)  descends  in  the  zygomatic  fossa,  on  the  posterior  surface  of  the  superior 
maxilla,  and  ends  in  branches  which  supply  the  molar  and  bicuspid  teeth  and  the  mucous 
membrane  of  the  antrum,  they  also  give  twigs  to  the  gums  and  to  the  buccinator  muscle. 

(5)  An  infraorbital  branch  (a.  infraorbitalis)  commences  in  the  spheno-maxillary  fossa. 
It  enters  the  orbit  thi-ough  the  spheno-maxillary  fissure,  and  runs  forwards  in  the  infra- 
orbital groove  and  canal  to  the  infraorbital  foramen,  througir  which  it  passes  to  emerge  on 
the  face  beneath  the  levator  labii  superioris.  Whilst  in  the  infraorl>ital  groove  it  gives 
branches  to  the  inferior  i-ectus,  the  inferior  oblique  and  the  lachrymal  gland.  In  the  infra- 
orbital canal  it  gives  small  twigs  to  the  incisor  and  canine  teeth  (aa.  alveolares  superiores 
anteriores)  and  to  the  antrum.  In  the  face  it  sends  branches  upwards  to  the  lower 
eyelid,  to  the  lachrymal  sac,  and  to  the  nasal  process  of  the  superior  maxilla,  which 
anastomose  with  branches  of  the  ophthalmic  and  facial  arteries ;  other  branches  run 
downwards  to  the  xipper  lip,  where  they  anastomose  with  the  superior  coronary  artery ; 
lastly,  some  branches  run  outwards  into  the  cheek  to  unite  with  the  transverse  facial  and 
the  buccal  artei'ies. 

(c)  The  posterior  or  descending  palatine  (a.  palatina  descendens)  runs  downwards 
through  the  spheno-maxillarj^  fossa,  passes  through  the  posterior  palatine  canal  and  reaches 
the  mucous  membrane  of  the  roof  of  the  mouth,  where  it  runs  forwards,  internal  to  the 
alveolar  process,  to  terminate  in  a  small  branch  which  ascends  through  the  anterior 
palatine  fossa  and  Stenson's  canal,  and  anastomoses  with  the  spheno-palatine  branch  of 
the  internal  maxillary  artery.  As  it  descends  it  gives  off  several  small  twigs  which  pass 
through  the  accessory  palatine  canals  to  supply  the  soft  palate  and  to  anastomose  with 
the  ascending  palatine  and  tonsillar  branches  of  the  facial  and  -with  the  ascending 
pharyngeal  artery.  In  its  course  forwards  in  the  roof  of  the  mouth  it  supplies  the  gums 
and  the  mucous  membrane  of  the  hard  palate,  and  also  the  palate  and  superior  maxillary 
bones. 

{d)  The  Vidian  (a.  canalis  pterygoidei)  is  a  long  slender  branch  which  runs  back- 
wards through  the  Vidian  canal  with  the  Vidian  nerve.  It  supplies  branches  to  the 
upper  part  of  the  pharynx,  to  the  levator  and  tensor  palati  muscles,  and  to  the  Eustachian 
tube.  One  of  the  latter  branches  passes  along  the  wall  of  the  Eustachian  tube  to  the 
tympanic  cavity,  where  it  anastomoses  with  the  other  tympanic  arteries. 

(e)  The  pterygo-palatine  is  a  small  artery  whicli  runs  backwards,  with  the  pharyngeal 
branch  of  Meckel's  ganglion,  to  the  roof  of  the  pharynx.    It  supplies  the  upper  and  back 
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part  of  the  roof  of  the  nose,  the  roof  of  the  pharynx,  the  sphenoidal  sinus,  and  the  lower 
part  of  the  Eustachian  tube,  and  anastomoses  with  the  Vidian  branch  of  the  internal 
carotid. 

(/)  The  spheno  palatine  branch  (a.  spheno-palatina)  springs  from  the  termination  of 
the  internal  maxillary  artery.  It  passes  inwards  through  the  spheno-palatine  foramen 
into  the  nasal  cavity,  where  it  divides  into  many  branches.  One  of  these,  the  internal 
nasal  or  naso  palatine,  which  is  sometimes  looked  upon  as  the  continuation  of  the  artery, 
crosses  the  back  part  of  the  roof  of  the  nose,  and  descends  in  a  groove  on  the  vomer  to 
the  incisive  foramen  where  it  anastomoses  with  the  termination  of  the  posterior  palatine 
artery  and  with  the  septal  branch  of  the  superior  coronary.  The  outer  or  external  nasal 
branches  of  the  spheno-palatine  artery  supply  the  greater  part  of  the  outer  wall  of  the 
nasal  fossa  and  the  cavity  of  the  antrum,  anastomosing  with  branches  of  the  infraorbital, 
ethmoidal,  and  lateral  nasal  arteries.  Branches  are  also  distributed  to  the  ethmoidal  cells, 
to  the  sphenoidal  sinus,  and  to  the  upper  part  of  the  pharynx. 


THE  INTERNAL  CAROTID  ARTERY 

The  internal  carotid  artery  (a.  carotis  interna,  Figs.  554,  556,  and  559)  com- 
mences at  the  termination  of  the  common  carotid,  opposite  the  upper  border  of  the 
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Fio.  556. — The  Carotid,  Subclavian,  and  Vertebral  Arteries  and  their  Main  Branches. 

thyroid  cartilage,  and  terminates  in  the  middle  fossa  of  the  skull,  close  to  the 
commencement  of  the  fissure  of  Sylvius,  where  it  divides  into  tlie  middle  and 
anterior  cerebral  arteries. 

Course. — It  passes  through  the  carotid  and  subinaxillary  triangles,  traverses 
the  carotid  canal  of  the  temporal  bone,  crosses  the  upper  part  of  the  foramen  lacerum 
medium,  and  runs  in  the  outer  wall  of  the  cavernous  sinus  in  the  middle  fossa  of  the 
skull. 

At  its  origin  it  lies  behind  and  to  the  outer  side  of  the  external  carotid,  but  as 
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it  ascends  beneath  the  posterior  lielly  of  the  digastric  and  the  stylo-hyoid,  it  gets 
to  the  inner  side  of  that  vessel.  After  entering  the  submaxillary  triangle  it  ascends, 
in  relation  with  the  posterior  surface  of  the  parotid  gland,  to  the  carotid  canal  in 
the  temporal  bone,  through  which  it  passes  to  the  apex  of  the  petrous  portion  of 
the  temporal  bone,  where  it  turns  upwards,  through  the  upper  part  of  the  foramen 
lacerum  medium,  into  the  middle  cranial  fossa.  It  then  runs  forwards  in  the  outer 
wall  of  the  cavernous  sinus  to  the  lower  root  of  the  small  wing  of  the  sphenoid, 
where  it  turns  upwards  and  then  backwards  and  outwards  to  its  termination. 

Relations. — The  relations  of  tlie  various  parts  of  the  artery  require  separate 
consideration. 

In  the  neck. — Posterior. — The  rectus  capitis  anticus  major,  the  prevertebral  fascia  and 
the  sympathetic  cord,  separate  it  from  the  transverse  processes  of  the  cervical  vertebrae, 
and  somewhat  to  its  outer  side  are  the  internal  jugular  vein  and  the  vagus  nerve.  The 
spinal  accessory  and  the  glosso-pharyngeal  nerves  are  also  behind  and  to  the  outer  side  of 
the  artery  in  the  upper  part  of  the  neck,  and  they  intervene  between  it  and  the  internal 
jugular  vein.  Internal  or  deep  to  the  internal  carotid  is  the  external  carotid  artery  for 
a  short  distance  below,  and  afterwards  the  wall  of  the  pharynx,  the  ascending  j^haryngeal 
artery,  the  pharyngeal  plexus  of  veins,  and  the  external  and  internal  laryngeal  nerves. 
Just  before  it  enters  the  temporal  bone  the  levator  palati  muscle  is  to  its  inner  side. 
External  or  superficial  to  it  are  the  sterno-mastoid,  skin,  and  fascia,  and  it  is  crossed 
beneath  the  sterno-mastoid  from  below  upwards  by  the  hypoglossal  nerve,  the  occipital 
artery,  and  the  posterior  auricular  artery.  It  is  also  crossed  more  superficially  by  the 
digastric  and  stylo-hyoid  muscles,  and  in  the  upper  part  of  its  extent  it  is  covered  by  the 
po.sterior  p)art  of  the  parotid  gland.  Passing  obliquely  across  its  anterior  and  outer  sur-. 
face,  and  sejmruting  it  from  the  external  carotid  artery,  are  the  following  structures,  viz.  : 
the  stylo-pharyngeus,  the  tip  of  the  styloid  process  or  the  stylo-glossus  muscle,  the  glosso- 
pharyngeal nerve,  the  pharyngeal  branch  of  the  vagus,  and  some  sympathetic  twigs. 

In  the  carotid  canal. — The  artery,  as  it  passes  upwards  and  inwards,  is  in  front  of  and 
below  the  cochlea  and  the  tympanum  ;  behind  and  internal  to  the  canals  for  the  Eustachian 
tube  and  the  tensor  tymjmni ;  and  below  the  Gasserian  ganglion.  The  thin  lamina  of  bone 
which  separates  it  from  the  tympanum  is  frequently  perforated,  and  that  between  it  and 
the  Gasserian  ganglion  is  not  infrequently  absent.  In  its  course  through  the  canal  it  is 
accompanied  by  small  veins  and  nerves.  The  veins  are  tributaries  from  the  tympanum, 
which  communicate  above  with  the  cavernous  sinus  and  below  with  the  internal  jugular 
vein.  The  nerves  are  the  upward  continuations  of  the  sympathetic  cord  ;  they  form  two 
jjlexuses — one  on  the  outer  side  of  the  artery,  the  carotid  plexus,  and  one  on  the  inner 
side,  the  cavernous  plexus. 

As  it  eni:ers  the  cavity  of  the  cranium  the  internal  carotid  artery  pierces  the  external 
layer  of  the  dura  mater  and  passes  between  the  lingula  and  the  sixth  cranial  nerve 
externally,  and  the  posterior  petrosal  process  of  the  body  of  the  sphenoid  internally. 

In  the  cranial  cavity. — The  artery  funs  forwards  in  the  outer  wall  of  the  cavernous  sinus 
in  relation  with  the  third,  fourth,  the  ophthalmic  division  of  the  fifth,  and  the  sixth  cranial 
nerves  externally,  and  with  the  endothelial  wall  of  the  sinus  internally.  When  it  reaches 
the  lower  root  of  the  small  wing  of  the  sphenoid  it  turns  upwards  to  the  inner  side  of 
the  anterior  clinoid  process,  pierces  the  inner  layer  of  the  dura  mater,  and  comes  into 
close  relation  with  the  under  surface  of  the  optic  nerve  inunediately  behind  the  optic 
foramen.  It  then  turns  abruptly  backwards  beneath  the  optic  nerve,  and  on  the  inner  side 
of  the  anterior  clinoid  process  which  it  frequently  grooves ;  inclining  outwards,  it  runs 
between  the  second  and  thii'd  nerves,  and  beneath  the  anterior  perforated  space,  to  the 
inner  end  of  the  stem  of  the  Sylvian  fissure,  where  it  turns  upwards,  at  some  distance 
from  the  outer  side  of  the  optic  chiasma,  and,  after  piercing  the  arachnoid,  divides  into 
its  two  terminal  branches,  the  anterior  and  middle  cerebral  arteries. 

Branches  of  the  Internal  Carotid  Artery. 

Branches  are  given  off  from  the  internal  carotid  in  the  temporal  bone  and  in 
the  cranium,  but,  as  a  rule-,  no  branches  are  given  off  in  the  neck. 

In  the  temporal  bone. — (1)  A  tympanic  branch  (ramus  carotico-tympanicus),  very 
small,  perforates  the  posterior  wall  of  the  carotid  canal,  and  anastomoses  in  the  tympanum 
witli  the  stylo-mastoid  artery  and  with  the  tympanic  branches  of  the  internal  maxillary 
and  ascending  pharvngeal  arteries. 

49     "  ^ 
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(2)  The  Vidian  is  :i  small  and  inconstant  branch  Mhich  accompanies  the  great 
deep  petrosal  nerve  in  the  Vidian  canal  ;  it  anastomoses  with  the  Vidian  branch  of  the 
internal  maxillary  artery. 

In  the  cranium. — (1)  Cavernous,  small  branchea  to  the  walls  of  the  cavernous  sinus 
and  to  the  third,  fourth,  fifth,  and  sixth  nerves. 

(2)  Gasserian,  minute  twigs  which  supj^ly  the  Gasserian  ganglion. 

(3)  Pituitary  branches  pass  to  the  pituitary  body. 

(4)  Meningeal  branches  ramify  in  the  dura  mater  of  the  middle  cranial  fossa,  anasto- 
mosing with  the  branches  of  the  middle  and  small  meningeal  arteries. 

(5)  Ophthalmic  Artery  (a.  ophthalmica,  Eig.  556).  —  This  artery  springs 
from  the  front  aud  inner  side  of  the  internal  carotid  as  it  turns  upwards  on  the 
inner  side  of  the  anterior  clinoid  process.  It  passes  forwards  and  outwards,  heneath 
the  optic  nerve  and  through  the  optic  foramen  into  the  orbital  cavity.  In  the 
orl)it  it  runs  forwards  for  a  short  distance  on  the  outer  side  of  the  optic  nerve,  and 
it  is  in  relation  externally  with  the  lenticular  ganglion  and  the  external  rectus 
muscle ;  turning  upwards  and  inwards,  it  crosses  between  the  optic  nerve  and 

MiiUlle  internal  frontal  artery    Corpu.s  callosnm    SfiJtnni  luciiluni 


bral  artery  cerebri 

Fig.  557. — Dlstribution  of  the  Cerebral  Arteries  on  the  Mesial,  Tentorial,  and  Inferior 
Surfaces  of  the  Cerebral  Hemispheres. 

The  anterior  cerebral  artery  is  coloured  green,  the  middle  cerebral  artery  red,  and  the 
posterior  cerebral  artery  orange. 

the  superior  rectus  to  the  inner  wall  of  the  orbit,  where  it  turns  forwards  to 
terminate  at  the  inner  and  front  part  of  the  orbital  cavity  by  dividing  into  frontal 
and  nasal  branches.  It  is  accompanied  at  first  by  the  nasal  nerve,  and  in  the 
terminal  X)art  of  its  course  by  the  infra-trochlear  nerve. 

Branches. — Tlie  branches  of  tlie  oplitliahnic  artery  are  niuneroiis.  {a)  The  posterior  ciliary, 
usually  six  to  eight  in  nuinber,  run  forw  ards  at  the  sides  of  the  optic  nerve  ;  they  soou  divide 
into  numerous  branches  which  jjierce  the  back  part  of  the  sclerotic  coat ;  the  majority  terminate 
in  the  choroid  coat  of  the  eye  as  the  sliort  ciliary  arteries  (aa.  ciliares  posteriores  brev^es),  but  two 
of  larger  size,  the  hn(j  ciliary  arteries  (aa.  ciliares  posteriores  longae),  run  forwards,  one  on  each 
side,  almost  in  the  horizontal  j^lane  of  the  eyeball,  between  the  sclerotic  and  the  choroid  coats,  to 
the  base  of  the  iris,  where  tliey  divide.  The  resitlting  branches  anastomose  together  and  form  a 
circle  at  the  outer  periphery  of  the  iris,  from  which  secondary  branches  run  inwards  and  anasto- 
mose together  in  a  secon<l  circle  near  the  inner  margin  of  the  iris. 

(b)  The  central  artery  of  the  retina  (a.  centralis  retime)  arises  near  to,  or  in  common  witli,  the 
]ueceding  A'essels.  It  pierces  the  inner  and  under  side  of  tlie  optic  nerve  about  half-an-inch  (12 
mm.)  behind  the  sclera,  aud  runs  in  its  centre  to  tlie  retina,  wliere  it  Ijreaks  up  into  terminal 
)_)  ranches. 

((■)  Recurrent  (a.  meningea  anterior). — A  small  brancli  wliicli  passes  backwards  through  the 
splienoidal  fissure  into  the  middle  fossa  of  the  cranium,  where  it  anastomoses  with  the  middle  and 
small  meningeal  arteries,  and  with  the  meningeal  branches  of  the  internal  carotid  and  lachrymal 
arteries. 
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(d)  The  lachrymal  artery  (a.  lacriinalis),  arises  from  the  ophthalmic  on  the  outer  side  of 
the  optic  nerve.  It  runs  forwards  along  the  upper  border  of  the  external  rectus  to  the  upper  and 
outer  angle  of  the  orbit,  and  in  its  course  gives  off  branches  to  the  lachrymal  gland,  muscular 
branches  to  the  external  and  superior  recti,  palpebral  branches  to  the  upper  eyelid  and  the  upper 
and  outer  part  of  the  forehead,  temporal  and  malar  branches,  which  accompany  the  temporal  and 
malar  branches  of  the  temporo-malar  nerve,  to  the  face  and  the  temporal  fossa  respectively  ; 
anterior  ciliary  branches  (aa.  ciliares  anteriores),  which  perforate  the  sclera  behind  the  corneo- 
scleral junction  and  anastomose  with  the  posterior  ciliary  arteries ;  and  a  recurrent  meningeal 
brancli,  which  passes  backwards  through  the  outer  part  of  the  sphenoidal  fissure  to  anastomose  in 
the  middle  fossa  of  the  skull  with  the  middle  meningeal  artery. 

(e)  Muscular. — These  branches  are  usually  arranged  in  two  sets,  outer  and  inner.  The  former 
supply  the  upper  and  outer,  and  the  latter  the  lower  and  inner  orbital  muscles.  They  anastomose 
with  muscular  branches  from  the  lachrymal  and  the  supra-orbital  vessels,  and  they  give  off 
anterior  ciliary  branches. 

(/)  Tlie  supra-orbital  branch  (a.  sujjra-orbitalis)  is  given  off  as  the  ophthalmic  artery  crosses 
above  the  optic  nerve.  It  passes  round  the  inner  borders  of  the  superior  rectus  and  levator 
palpebrte  muscles,  and  runs  forwards  between  the  latter  and  the  j^eriosteum  to  the  supra-orbital 
notch,  accompanying  the  frontal  and  supra-orbital  nerves.  Passing  through  the  notch  it  reaches 
the  scalp,  and,  perforating  the  frontalis  muscle,  anastomoses  with  the  superficial,  temporal,  and 
frontal  arteries. 

((/)  Ethmoidal  branches,  anterior  (a.  ethmoidalis  anterior)  and  posterior  (a.  ethnioidalis 
posterior),  arise  from  the  ophthalmic  as  it  runs  forwards  along  the  inner  boundary  of  the  orbital 
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Fig.  558. — Distribution  of  Cerebral  Arteries  on  the  Outer  Surface  of  the  Cerebrum. 
Anterior  cerebral  artery  is  coloured  green,  the  middle  cerebral  red,  and  the  posterior  cerebral  orange. 

cavity.  They  pass  inwards  between  the  superior  oblique  and  the  internal  rectus.  The  posterior, 
which  is  much  the  smaller  of  the  two,  traverses  the  posterior  ethmoidal  canal,  and  supplies 
the  posterior  ethmoidal  cells  and  the  posterior  and  upper  part  of  the  outer  wall  of  the  nasal  cavity. 
The  anterior  ethmoidal  artery  passes  through  the  anterior  ethmoidal  canal  with  the  nasal  nerve, 
enters  the  anterior  fossa  of  the  skull,  and  crosses  the  cribriform  plate  of  the  ethmoid  to  the 
nasal  notch,  through  which  it  reaches  the  nasal  cavity,  where  it  descends  with  the  nasal  nerve  in 
a  groove  on  the  back  of  the  nasal  bone,  and  finally  passes  between  the  upper  lateral  cartilage  and 
the  lower  border  of  the  nasal  bone  to  the  tip  of  the  nose.  It  supplies  branches  to  the  membranes 
of  the  brain  in  the  anterior  cranial  fossa  as  well  as  to  the  anterior  ethmoidal  cells,  the  frontal 
sinus,  the  anterior  and  upper  jiart  of  the  nasal  mucous  membrane,  and  the  skin  on  the  dorsum 
of  the  nose. 

{h)  Palpebral  branches  (aa.  j^a-lpebrales),  upper  and  lower,  are  given  off  near  the  termination 
of  the  ojahthalmic.  They  are  distributed  to  the  upper  and  lower  eyelids,  and  they  anastomose  with 
tlie  lachrymal,  supra-orbital,  and  infra-orbital  arteries. 

(t)  The  nasal  terminal  branch  (a.  dorsalis  nasi)  passes  out  of  the  orbit  above  the  internal  tarsal 
ligament.  It  pierces  the  palpebral  fascia,  and  terminates  on  the  side  of  the  nose  by  anastomosing 
with  the  angular  branch  of  the  facial  arterj'. 

(/c)  The  frontal  terminal  branch  (a.  frontalis)  pierces  the  palpebral  fascia  at  the  upper  and 
inner  part  of  the  orbit,  and  ascends,  with  the  supra -trochlear  nerve,  in  the  superficial  fascia  of 
the  anterior  and  mesial  25art  of  the  scalp,  anastomosing  with  its  fellow  of  the  oi:>posite  side  and 
with  the  supra-orbital  artery. 

(6)  The  posterior  communicating  artery  (a.  communicans  posterior)  rises  from  the 
internal  carotid  near  its  termination.     It  runs  backwards  below  the  optic  tract  and  in 
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front  of  the  cms  cerebri,  and  passing  above  the  third  nerve,  joins  the  posterior  cerebral 
artery  forming  part  of  the  circle  of  Willis.  It  gives  branches  to  the  optic  tract,  the  cms 
cerebri,  the  interpeduncular  region,  and  the  uncinate  convolution  of  the  brain.  The 
posterior  communicating  artery  varies  mvich  in  size ;  it  may  be  small  on  one  or  both 
sides,  sometimes  it  is  very  large  on  one  side ;  occasionally  it  replaces  the  posterior 
cerebral  artery,  and  it  sometimes  ari^ses  from  the  middle  cerebral  artery. 

(7)  The  anterior  chorioidal  (a.  chorioidea)  is  a  small  branch,  which  also  rises  near  the 
termination  of  the  internal  carotid  ;  it  passes  backwards  and  outwards,  between  the  crus 
cerebri  and  the  uncinate  convolution,  to  the  lower  and  front  pai't  of  the  chorioidal  fissure 
which  it  enters,  and  it  tei'niinates  in  the  chorioidal  plexus  in  the  descending  cornu  of  the 
lateral  ventricle.  It  supplies  the  optic  tract,  the  crus  cerebri,  the  uncinate  convolution, 
and  the  posterior  part  of  the  internal  capsule. 

(8)  Anterior  Cerebral  Artery  (a.  cerebri  anterior).  This  is  the  smaller  . 
of  the  two  terminal  Ijrauches  of  the  internal  carotid.  It  passes  forwards  and  in- 
wards, above  the  optic  chiasma  and  immediately  in  front  of  the  lamina  cinerea,  to 
the  commencement  of  the  great  longitudinal  fissure,  where  it  turns  round  the  genu 
of  the  corpus  callosum,  and  runs  backwards  to  the  parietal  lobe  of  the  brain.  At 
the  commencement  of  the  great  longitudinal  fissure  it  ,is  closely  connected  with  its 
fellow  of  the  opposite  side  by  a  wide  but  short  anterior  communicating  artery  (a. 
communicans  anterior),  and  in  the  remainder  of  its  course  it  is  closely  accompanied 
by  its  fellow  artery  of  the  opposite  side. 

Branches. — Branches  of  all  the  cerebral  arteries  are  distributed  both  to  the  basal 
ganglionic  masses  of  the  brain  and  to  the  cerebral  cortex  ;  they  therefore  form  two  dis- 
tinct groups — {(()  central  or  ganglionic  ;  (b)  cortical. 

The  branches  of  the  anterior  cerebi'al  include  : 

(a)  Central  or  ganglionic  hranches. — The  antero-mesial  arteries,  a  small  group  of 
vessels,  constitute  the  central  branches  of  the  anterior  cerebral  artery;  they- pass  upwards 
into  the  base  of  the  brain  in  front  of  the  optic  chiasma,  and  supply  the  rostrum  of 
the  corpus  callosum,  the  lamina  cinerea,  and  the  septimi  lucidum. 

(6)  Cortical  branches.  - —  (6^)  Internal  orbital,  one  or  more  small  branches  which 
supply  the  internal  orbital  convolution,  the  gyms  rectus,  and  the  olfactory  lobe. 

(IS-)  Anterior  internal  frontal,  one  or  more  branches  which  are  distril)nted  to  the 
anterior  and  lower  part  of  the  marginal  convolution,  and  to  the  anterior  portions  of  the 
superior  and  middle  frontal  convolutions. 

(l)"^)  A  middle  internal  frontal  is  distributed  to  the  posterior  part  of  the  marginal 
convolution,  and  to  the  upper  portions  of  the  superior  and  ascending  frontal  and  ascend- 
ing parietal  convolutions. 

(6*)  The  posterior  internal  frontal  runs  backwards  to  the  quadrate  lobule.  It  sup- 
plies the  corpus  callosum,  the  quadrate  lobe,  and  the  upper  part  of  the  superior  parietal 
lobule. 

(9)  Middle  Cerebral  Artery  (a.  cerebri  media). — The  middle  cerebral  is  the 
larger  of  the  two  terminal  branches,  and  the  more  direct  continuation  of  the 
internal  carotid  artery.  It  passes  outwards  in  the  fissure  of  Sylvius  to  the  outer 
surface  of  the  island  of  Reil,  which  it  crosses ;  and  divides,  in  the  posterior 
limiting  sulcus  of  Reil,  into  parieto-temporal  and  temporal  terminal  branches. 

Branches. — (a)  Central  or  ganglionic. — Numerous  and  very  variable  in  size.  These 
branches  are  given  off  at  the  base  of  the  brain,  in  the  region  of  the  anterior  perforated 
space.  Two  sets,  known  as  the  internal  and  the  external  striate  arteries,  are  distinguisliable. ' 

(a^)  The  internal  striate  arteries  pass  upwards  through  the  two  inner  segments  of 
the  lenticular  nucleus  (globus  pallidus)  and  the  internal  capsule  to  terminate  in  the 
caudate  nucleus.  They  supply  the  anterior  portions  of  the  lenticular  and  caudate  nuclei 
and  of  the  internal  capsule. 

(a^)  The  external  striate  arteries  pass  upwards  through  the  outer  segment  (puta- 
men)  of  the  lenticular  nucleus,  or  between  it  and  the  external  capsule,  and  they  form  two 
sets,  an  anterior,  the  lenticulo-striate,  and  a  posterior,  the  lenticulo-optic ;  both  sets  tra- 
verse the  lenticular  nucleus  and  the  internal  capsule,  but  the  lenticulo-striate  arteries 
terminate  in  the  caudate  nucleus,  and  the  lenticulo-optic  in  the  optic  thalamus.  One  of 
the  lenticulo-striate  arteries,  which  passes  in  the  first  instance  round  the  outer  side  of  the 
lenticular  nucleus,  and  afterwards  through -its  substance,  is  larger  than  its  companions;  it 
frequently  ruptures,  and  is  known  as  the  artery  of  cerebral  haemorrhage. 
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{(j)  Cortical  branches  are  given  oft'  as  the  middle  cerebral  artery  pas.ses  over  the  surface 
of  the  island  of  Ileil  at  the  bottom  of  tbe  Sylvian  fissure,  as  follows  : — 

{b^)  The  inferior  external  orbital  runs  forwards  and  outwards,  and  is  distributed  to 
the  outer  part  of  the  orbital  surface  of  the  frontal  lobe  and  to  the  inferior  frontal  con- 
volution. 

(6-)  The  ascending  frontal  branch  turns  round  the  upper  margin  of  the  Sylvian 
fissure,  and  is  distributed  to  the  ascending  frontal  convolution  and  to  the  posterior  part 
of  the  middle  frontal  convolution, 

{¥)  The  ascending  parietal  branch  emerges  from  the  Sylvian  fissure  and  passes  up- 
wards along  the  posterior  border  of  the  ascending  parietal  convolution,  supplying  that 
convolution  and  the  superior  parietal  lobule. 

(b^)  The  temporal  branch  passes  out  of  the  Sylvian  fissure,  and  turns  downwards  to 
supply  the  superior  and  middle  temporal  convolutions. 

(Jp)  The  parieto-temporal  branch  continues  backwards,  in  the  direction  of  the  main 
stem,  and  emei-ges  from  the  posterior  end  of  the  Sylvian  fissure  ;  it  supplies  the  inferior 
parietal  lobule,  the  external  occipital  convolutions,  and  the  posterior  part  of  the  temporo- 
sphenoidal  lobe. 

Vertebral  Artery. 

The  vertebral  artery  (a.  vertebralis,  Figs.  556  and  559)  is  the  first  braucli 
given  off  from  the  subclavian  trunk ;  it  arises  from  the  upper  and  back  part  of  the 
parent  stem,  opposite  the  interval  betv^^een  tlie  anterior  scalene  and  the  longus 
colli  muscles,  and  terminates  at  the  lower  border  of  the  pons  Varolii  by  uniting 
with  its  fellow  of  the  opposite  side  to  form  the  basilar  artery. 

Course  and  Relations. — The  vertebral  artery  is  divisible  into  four  parts. 

The  first  part  runs  upwards  and  backwards,  between  the  scalenus  anticus  and 
the  outer  border  of  the  longus  colli,  to  the  foramen  in  tlie  transverse  process  of  the 
sixth  cervical  vertebra.  It  is  surrounded  by  a  plexus  of  sympathetic  nerve  fibres, 
covered  anteriorly  by  the  vertebral  and  internal  jugular  veins,  and  crossed  in  front 
by  the  inferior  thyroid  artery.  On  the  left  side  the  termiiial  part  of  the  thoracic 
duct  also  passes  in  front  of  it.  The  second  part  runs  upwards  through  the  foramina 
in  the  transverse  processes  of  the  upper  six  cervical  vertebrse.  As  far  as  the 
second  cervical  vertebra  its  course  is  almost  vertical ;  as  it  passes  through  the 
transverse  process  of  the  axis,  however,  it  is  directed  obliquely  upwards  and 
outwards  to  the  atlas.  It  is  surrounded  by  a  plexus  of  sympathetic  nerve  fibres, 
and  also  by  a  plexus  of  veins.  The  artery  lies  in  front  of  the  trunks  of  the 
cervical  nerves,  and  internal  to  the  intertransverse  muscles.  The  third  part  emerges 
from  the  foramen  in  the  transverse  process  of  the  atlas,  between  the  anterior  primary 
division  of  the  suboccipital  nerve  internally  and  the  rectus  capitis  lateralis  exter- 
nally, and  runs  almost  horizontally  backwards  and  inwards  round  the  outer  side 
and  back  of  the  superior  articular  process  of  the  atlas.  In  this  course  it  enters 
the  suboccipital  triangle,  where  it  lies  in  the  groove  on  the  upper  surface  of  the 
posterior  arch  of  the  atlas  (sulcus  arterife  vertebralis).  It  is  separated  from  the 
bone  by  the  suboccipital  nerve,  and  is  overlapped  superficially  by  the  adjacent 
borders  of  the  superior  and  inferior  obhque  muscles.  Finally,  this  part  of  the 
artery  passes  beneath  the  obhque  ligament  of  the  atlas  and  enters  the  spinal  canal. 

The  fourth  part  pierces  the  spinal  dura  mater  and  runs  upwards  into  the  cranial 
cavity.  It  passes  between  the  roots  of  the  hypoglossal  nerve  above  and  the  first 
dentation  of  the  hgamentum  denticulatum  below,pierces  the  arachnoid, and, gradually 
inclining  inwards  in  front  of  the  medulla,  reaches  the  lower  border  of  the  pons 
Varolii,  where  it  unites  with  its  fellow  of  the  opposite  side  to  form  the  basilar  artery. 

Branches. — From  the  fii'st  jmrt. — As  a  rule  there  are  only  a  few  small  muscular 
twigs  from  this  portion  of  the  artery. 

From  the  second  jmrt. — (1)  Muscular  branches  which  vary  in  number  and  size.  They 
supply  the  deep  muscles  of  the  neck,  and  anastomose  with  the  profunda  cervicis,  the 
ascending  cervical,  and  the  occipital  arteries. 

(2)  Spinal  branches  (rami  spinales)  pass  from  the  inner  side  of  the  second  part  of  the 
vertebral  artery  through  the  intervertebral  foramina  into  the  spinal  canal,  where  they 
give  off  twigs  which  pass  along  the  roots  oi  the  spinal  nerves  to  reinforce  the  anterior  and 
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posterior  spinal  arteries ;  they  supply  the  bodies  of  the  vertebrffi  and  the  intervertebral 
discs,  and  they  anastomose  with  corresponding  arteries  above  and  below. 

From  the  third  part. — (1)  Muscular  branches  to  the  sub-occipital  nuiscles. 

(2)  Anastomotic  branches  which  unite  with  the  princeps  cervicis  branch  of  the  occi- 
pital and  with  the  profunda  cervicis  artery. 

From  the  fourth  part, — (1)  Meningeal  (rami  meningei). — One  or  two  small  branches 
given  off  before  the  vertebral  artery  pierces  the  dura  mater.  They  ascend  into  the  pos- 
terior fossa  of  the  skull,  where  they  anastomose  with  meningeal  branches  of  the  occipital 
and  ascending  pharyngeal  arteries,  and  occasionally  with  branches  of  the  middle  meningeal 
artery. 

(2)  Posterior  Spinal  (a.  spinalis  posterior). — The  posterior  spinal  branch  springs  from 
the  vertebral  directly  after  it  has  pierced  the  dura  mater.    It  runs  downwards  upon  the 
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side  of  the  medulla  and  the  spinal  cord  in  front  of  the  posterior  nerve  roots.  It  is  a 
slender  artery,  which  is  continued  to  the  lower  jjart  of  the  cord  by  means  of  reinforce- 
ments from  the  spinal  branches  of  the  vertebral  and  intercostal  arteries.  It  gives  off 
branches  to  the  pia  mater,  which  form  more  or  less  regular  anastomoses  on  the  inner 
sides  of  the  posterior  nerve  roots,  and  it  terminates  below  by  joining  the  anterior  spinal 
artery. 

(3)  The  anterior  spinal  branch  (a.  spinalis  anterior)  arises  near  the  termination  of  the 
vertebral.  It  runs  obliquely  downwards  and  inwards,  in  front  of  the  medulla,  and  unites 
with  its  fellow  of  the  o])posite  side  to  form  a  single  anterior  spinal  artery,  which  descends 
in  front  of  the  anterior  fissure  of  the  spinal  cord,  and  is  continued  as  a  fine  vessel  along 
the  filum  terminale.    The  anterior  spinal  artery  is  reinforced  as  it  descends  by  anastomos- 
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ing  twigs  from  the  spinal  branches  of  the  vertebral,  intercostal,  and  lumbar  arteries.  It 
gives  oft'  branches  which  pierce  the  pia  mater  and  supply  the  cord,  and  it  unites  below 
with  the  posterior  spinal  arteries. 

(4)  The  posterior  inferior  cerebellar  (a.  cerebelli  inferior  posterior)  is  the  largest 
branch  of  the  vertebral  artery.  It  arises  a  short  distance  below  the  pons  and  passes 
obliquely  backwards  round  the  medulla,  at  first  between  the  roots  of  the  hypoglossal 
nerve,  and  then  between  the  roots  of  the  spinal  accessory  and  vagus  nerves,  into  the 
vallecula  of  the  cerebellum,  where  it  divides  into  external  and  internal  terminal  branches. 

The  trunk  of  the  artery  gives  branches  to  the  medulla  and  to  the  chorioid  plexus  of 
the  fourth  ventricle.  The  internal  terminal,  or  vermiform  branch,  runs  backwards 
between  the  inferior  vermiform  process  and  the  lateral  lobe  of  the  cerebellum  ;  it  supplies 
principally  the  former  structure,  and  anastomoses  with  its  fellow  of  the  opposite  side.  The 
external  or  hemispheric  branch  passes  outwards  on  the  lower  surface  of  the  hemisphere 
and  anastomoses  with  the  superior  cerebellar  artery. 

Basilar  Artery  (a.  basilaris). — This  artery  is  formed  by  the  junction  of 
the  two  vertebral  arteries ;  it  commences  at  the  lower  border  and  terminates  at  the 
upper  border  of  the  pons  Varolii,  bifurcating  at  its  termination  into  the  two 
posterior  cerebral  arteries. 

Course  and  Relations. — It  rims  upwards  in  a  shallow  groove  on  the  front  of 
the  pons  Varolii,  behind  the  sphenoidal  section  of  the  basi-cranial  axis  and  between 
the  sixth  nerves. 

Branches. — (1)  The  transverse,  a  series  of  small  arteries  wliich  pass  round  the  sides 
of  the  pons,  supplying  it  (rami  ad  pontem),  the  middle  peduncles  of  the  cerebellum,  and 
the  roots  of  the  fifth  cranial  nerve. 

(2)  The  auditory  (a.  auditiva  interna),  a  pair  of  long  but  slender  branches  which 
accompany  the  eighth  cranial  nerves.  Each  enters  the  corresponding  internal  auditory 
meatus  with  the  seventh  and  eighth  nerves,  and,  passing  through  the  lamina  cribrosa,  is 
distributed  to  the  internal  ear. 

(3)  The  anterior  inferior  cerebellar  (a.  cerebelli  inferior  anterior),  two  branches  which 
arise,  one  on  eacli  side,  from  the  middle  of  the  basilar  artery.  They  pass  backwards  on  the 
lower  surfaces  of  the  lateral  lobes  of  the  cerebellum,  and  anastomose  with  the  posterior 
inferior  cerebellar  branches  of  the  vertebral  arteries. 

(4)  The  superior  cerebellar  (aa.  cerebelli  superiores)  branches,  two  in  number,  arise  near 
the  termination  of  the  basilar.  Each  passes  outwards  at  the  upper  border  of  the  pons, 
directly  below  the  third  nerve  of  the  same  side,  and  turning  round  the  outer  side  of  the 
crus  cerebri  below  the  fourth  nerve,  reaches  the'  upper  surface  of  the  cerebellum,  where  it 
divides  into  an  internal  and  an  external  branch.  The  internal  branch  supplies  the  upper 
surface  of  the  vermiform  process  and  the  valve  of  Vieussens.  The  external  branch  is 
distributed  over  the  upper  surface  of  the  lateral  hemisphere,  anastomosing  at  its  margin 
with  the  inferior  cerebellar  arteries. 

(5)  Posterior  Cerebral  Arteries  (aa.  cerebri  posteriores,  Figs.  557  and  559). — 
These  are  the  two  terminal  branches  of  the  basilar.  They  run  backwards  and 
upwards,  between  the  crura  cerebri  and  the  uncinate  convolutions  and  parallel 
to  the  superior  cerebellar  arteries,  from  which  they  are  separated  by  the  third 
and  fourth  cranial  nerves.  Each  posterior  cerebral  artery  is  connected  with  the 
internal  carotid  by  the  posterior  communicating  artery ;  it  gives  branches  to  the 
tentorial  surface  of  the  cerebrum,  and  is  continued  backwards,  beneath  the  splenium 
of  the  corpus  callosum,  to  the  calcarine  fissure,  where  it  divides  into  calcarine  and 
parieto-occipital  branches,  which  pass  to  the  outer  surface  of  the  occipital  lobe  and 
supply  the  inner  and  tentorial  surfaces  of  the  occipital  lobe  and  the  posterior  part 
of  its  outer  surface. 

Branches. — (A)  Central  or  <ianf/lioyiic. — This  group  includes  («i)  A  postero-mesial 
set  of  small  vessels  which  pass  on  the  inner  side  of  tlae  crus  cerebri  to  tlie  posterior 
perforated  space.  They  supply  the  crus,  the  posterior  part  of  the  optic  thalamus,  the 
corpora  albicantia,  and  the  walls  of  the  third  ventricle: 

{d^)  A  postero-lateral  set  of  small  vessels  which  pass  round  the  outer  side  of  the  crus 
cerebri.  They  supply  the  corpora  quadrigemina,  the  brachia,  the  crus,  the  posterior  part 
of  the  optic  thalamus,  and  the  corpora  geniculata. 

{<t^)  A  posterior  chorioidal  set  of  small  branches  which  pass  through  the  upper  part  of 
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the  chorioidiil  fissure,  and,  after  entering  the  posterior  part  of  the  velum  interpositum,  end 
in  the  chorioid  plexus  in  the  body  of  the  lateral  ventricle  and  the  upper  j^firt  of  its 
descending  cornu. 

(B)  Cortical. — (l^)  The  anterior  temporal,  frequently  a  single  branch  of  variable  size, 
is  not  uncommonly  replaced  by  several  small  branches.  It  supplies  the  anterior  parts  of 
the  uncinate  and  the  occipito-temporal  convolutions. 

(6^)  The  posterior  temporal  is  a  larger  branch  than  the  anterioi-.  It  supplies  the 
posterior  part  of  the  uncinate  gyrus,  the  greater  part  of  the  occipito-temporal  convolution, 
and  the  lingual  lobule. 

{h")  The  calcarine  branch  is  the  continuation  of  the  posterior  cerebi'al  ai'tery  along 
the  calcarine  fissui'e.  It  supplies  the  cuneate  lobe,  the  lingual  lobule,  and  the  posterior 
part  of  the  outer  surface  of  the  occipital  lobe. 

{¥)  The  parieto-occipital  branch,  smaller  than  the  calcarine,  passes  along  the 
corresponding  fissure  to  the  cnneus  and  precuneus. 

Circle  of  Willis. — The  cerebral  arteries  of  opposite  sides  are  intimately  con- 
nected together  at  the  base  of  the  brain  by  anastomosing  channels.  Thus  tlie 
two  anterior  cerebral  arteries  are  connected  with  one  another  by  the  anterior 
communicating  artery,  whilst  the  two  posterior  cerebrals  are  in  continuity  through 
the  basilar  artery  from  which  they  rise.  There  is  also  a  free  anastomosis  on  each 
side  between  the  carotid  system  of  cerebral  arteries  and  the  vertebral  system  by 
means  of  the  posterior  communicating  arteries,  which  connect  the  internal  carotid 
trunks  and  posterior  cerebral  arteries. 

The  vessels  referred  to  form  the  so-called  circle  of  Willis  (circulus  arteriosus 
[WiUisi]).  This  is  situated  at  the  base  of  the  brain,  in  the  region  of  the  inter- 
peduncular space,  and  encloses  the  following  structures :  the  posterior  perforated 
space,  the  corpora  albieantia,  the  tuber  cinereum,  the  infundilnilum,  and 
the  optic  commissure.  The  "  circle "  is  irregularly  polygonal  in  outline,  and  is 
formed  posteriorly  by  the  termination  of  the  basilar  and  by  the  two  posterior 
cerebral  arteries,  postero-laterally  by  the  posterior  communicating  arteries  and  the 
internal  carotids,  antero-laterally  by  the  anterior  cerebral  arteries,  and  in  front  by 
the  anterior  commxmicating  artery. 

It  is  stated  that  this  free  anastomosis  equalises  the  flow  of  blood  to  the  various 
parts  of  the  cerebrum,  and  pi'ovides  for  tlie  continuation  of  a  regular  blood-supply 
if  one  or  more  of  the  main  trunks  of  the  basal  vessels  should  lie  obstructed. 

AKTEEIES  OF  THE  UPPER  EXTREMITY. 

The  main  arterial  stem  of  each  upper  extremity  passes  through  the  root  of  the 
neck,  traverses  the  axillary  space,  and  is  continued  through  the  upper  arm  to  the 
forearm.  In  the  latter  it  only  runs  a  short  distance,  terminating  just  below  the 
bend  of  the  elbow  by  bifurcating  into  the  radial  and  ulnar  arteries  which  descend 
through  the  forearm  to  the  hand.  That  portion  of  the  common  trunk  which  lies 
in  the  root  of  the  neck  is  known  as  the  subclavian  artery,  the  part  in  the  axillary 
space  is  termed  the  axillary  artery,  whilst  the  remaining  part  is  called  the  brachial 
artery. 

THE  SUBCLAVIAN  ARTERIES. 

On  the  right  side  the  subclavian  artery  (a.  subclavia,  Figs.  552  and  554)  com- 
mences at  the  termination  of  the  innominate  artery  behind  the  sterno-clavicular 
articidation,  whilst  that  on  the  left  side  arises  from  the  arch  of  the  aorta  behind 
the  lower  part  of  the  manubrium  sterni. 

The  right  artery  is  about  three  inches  long  (75  mm.),  and  it  lies  in  the  root  of 
the  neck.  The  left  artery  is  about  four  inches  (100  mm.)  long,  and  is  situated  not 
only  in  the  root  of  the  neck,  l)ut  also  in  the  superior  mediastinal  part  of  the  thorax. 
In  the  root  of  the  neck  each  artery  arches  outwards  across  the  apex  of  the  lung  and 
behind  the  anterior  scalene  muscle,  and  is  divided  into  three  parts,  which  lie 
respectively  to  the  inner  side,  behind,  and  to  the  outer  side  of  the  muscle.  The 
extent  to  which  the  arch  rises  above  the  level  of  the  clavicle  varies  considerably, 
and  not  uncommonly  it  reaches  the  level  of  the  lower  "[lart  of  the  thyroid  body. 


THE  SUBCLAVIAN  AETERIES. 


777 


The  first  parts  of  the  subclavian  arteries  differ  materially  froru  each  other  both  in 
extent  and  relations.  The  relations  of  the  second  and  third  parts  are  similar  on 
both  sides. 

The  first  part  of  the  left  subclavian  artery  springs  from  the  arch  of  the 
aorta  to  the  left  of  and  behind  the  commencement  of  the  left  common  carotid  and 
on  the  left  side  of  the  trachea.  It  ascends,  almost  vertically,  in  the  superior 
mediastinum  to  the  root  of  the  neck,  where  it  arches  upwards  and  outwards  to  the 
inner  border  of  the  scalenus  anticus. 

Relations. — Posterior. — In  the  superior  mediastinum,  from  below  upwards,  it  is  in 
relation  behind  and  with  the  left  margin  of  the  oesophagus,  the  thoracic  duct,  and  the  left 
longus  colli  muscle. 

Anterior. — In  front  and  to  the  right  of  the  artery  are  the  vagus,  the  left  superior 
cardiac  branch  of  the  sympathetic,  the  left  inferior  cardiac  branch  of  the  vagus,  the  left 
phrenic  nerve,  and  the  left  common  carotid  artery.  It  is  also  crossed  obliquely  by  the 
left  innominate  vein  above  and  by  the  left  vagus  nerve  below,  and  it  is  overlapped  on 
the  left  side  by  the  left  lung  and  pleura. 

Lateral. — Internally  it  is  in  relation,  from  below  upwards,  with  the  trachea,  the  left 
recurrent  laryngeal  nerve,  the  oesophagus,  and  the  thoracic  duct. 

Externally  it  is  closely  invested  by  the  left  pleura,  and  it  ascends  in  a  groove  on  the 
inner  aspect  of  the  left  lung. 

As  it  turns  outwards  at  the  root  of  the  neck  it  lies  behind  the  terminations  of  the 
internal  jugular,  vertebral,  and  subclavian  veins,  the  phrenic  nerve,  the  sterno-thyroid  and 
sterno-hyoid  muscles,  the  anterior  jugular  vein,  and  more  superficially  the  sterno-mastoid 
muscle,  and  the  deep  cervical  fascia ;  the  thoracic  duct  arches  obliquely  over  it,  and  it 
lies  in  front  of  the  apex  of  the  pleural  sac. 

The  first  part  of  tlie  riglit  subclavian  artery  (Fig.  552)  extends  from  the 
back  of  the  right  sterno-clavicular  articulation  to  the  inner  border  of  the  scalenus 
anticus.    It  is  thus  limited  to  the  root  of  the  neck. 

Relations. — Posterior. — Behind  this  pai't  of  the  artery,  and  intervening  between  it 
and  the  upper  two  dorsal  vertebr;e,  are  the  recurrent  laryngeal  nerve,  the  posterior  part 
of  the  annulus  Vieusseni,  and  the  apex  of  the  right  pleural  sac.  Anterior. — In  front  it  is 
in  relation  with  the  right  vagus,  the  cardiac  branches  of  the  vagus  and  the  sympathetic, 
the  anterior  portion  of  the  annulus  Vieusseni,  the  internal  jugular  and  vertebral  veins, 
and  more  superficially  the  sterno-hyoid  and  sterno-thyroid  muscles,  the  anterior  jugular 
vein,  the  sternal  end  of  the  clavicle,  the  sterno-clavicular  ligaments,  and  the  sterno- 
mastoid  muscle.  The  recurrent  laryngeal  nerve  passes  beloiv  it  and  intervenes  between  it 
and  the  apex  of  the  pleural  sac. 

The  second  part  of  the  subclavian  artery,  on  each  side,  extends  from  the 
inner  to  the  outer  border  of  the  scalenus  anticus,  behind  which  it  lies. 

Relations. — Behind  and  heloiv  it  is  in  relation  with  the  pleiu'al  sac.  In  front  it  is 
covered  by  the  anterior  scalene  and  the  sterno-mastoid  muscles.  The  anterior  scalene 
separates  it  from  the  subclavian  vein,  which  also  lies  at  a  slightly  lower  level,  from  the 
transverse  cervical  and  suprascapular  arteries,  from  the  anterior  jugular  vein,  and,  on  the 
right  side,  from  the  phrenic  nerve. 

The  third  part  of  the  subclavian  artery  is  the  most  superficial  portion. 
It  extends  from  the  outer  border  of  the  anterior  scalene  to  the  outer  border  of 
the  first  rib,  lying  partly  in  the  clavicitlar  portion  of  the  posterior  triangle  and 
partly  l)ehind  the  clavicle  and  the  subclavius  muscle. 

Relations. — It  rests  upon  the  upper  surface  of  the  first  rib.  Inunediately  behind  it 
is  the  lowest  trunk  of  the  brachial  plexus,  which  separates  it  from  the  middle  scalene. 
In  front  of  it  and  at  a  slightly  lower  level  lies  the  subclavian  vein.  The  external 
jugular  vein  crosses  the  inner  part  of  this  portion  of  the  artery  in  its  course  to  the  sub- 
clavian vein,  and  just  before  its  termination  receives  the  transverse  cervical  and  supra- 
scapular veins ;  these  vessels  also  pass  superficial  to  the  artery,  which  is  thus  covered  by 
venous  trunks  ;  it  is  also  crossed  vertically,  behind  the  veins,  by  the  nerve  to  the  subclavius 
muscle.  The  outer  section  of  this  part  of  the  artery  lies  behind  the  clavicle  and  the 
subclavius  muscle,  and  it  is  crossed  from  within  outwards  by  the  suprascapular  artery. 
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which  is  separated  from  it  by  the  layer  of  deep  cervical  fascia  which  binds  the  posterior 
belly  of  the  omo-hyoid  to  the  posterior  border  of  the  subclavian  groove.  More  superficially 
the  third  part  of  the  artery  is  covered  by  the  superficial  layer  of  the  deep  fascia,  the 
descending  clavicular  branches  of  the  cervical  nerves,  the  platysma,  and  the  skin. 

Branches  oe  the  Subclavian  Artery. 

(1)  The  vertebral  artery  is  distril)uted  almost  entirely  to  the  head  and  neck, 
and  its  chief  function  is  to  supply  the  posterior  part  of  the  brain.  Its  description 
has  therefore  been  given  with  that  of  the  other  cerebral  arteries  (see  p.  773). 

(2)  Thyroid  Axis  (truncus  thyreo-cervicalis,  Figs.  552  and  554). — This  branch 
arises  close  to  the  inner  border  of  the  scalenus  anticus,  and  directly  above  the  origin 
of  the  internal  mammary  artery,  from  the  upper  and  front  part  of  the  subclavian 
artery.  After  a  short  upward  course  of  al)Out  two  lines  (4  mm.),  it  ends  under 
cover  of  the  internal  jugular  vein  by  dividing  into  three  branches — viz.  the  inferior 
thyroid,  the  transverse  cervical,  aiul  the  suprascapular. 

(A)  The  inferior  thyroid  artery  (a.  thyreoidea  inferior,  Eig.  552)  ascends 
along  the  anterior  border  of  the  scalenus  anticus,  and  turns  inwards  opposite  the 
cricoid  cartilage  to  the  middle  of  the  posterior  border  of  the  lateral  lobe  of  the 
thyroid  body ;  it  then  curves  inwards  and  downwards,  and  descends  to  the  lower 
end  of  the  lolie,  where  it  divides  into  ascending  and  inferior  terminal  liranches. 

Relations. — Behind  it  is  the  vertebral  artery  externally  and  the  longus  colli  muscle 
internally  ;  the  recurrent  laryngeal  nerve  passes  either  in  front  of  or  behind  the  vessel, 
opposite  the  lower  border  of  the  thyroid  body.  It  is  covered  in  front  by  the  carotid 
sheath,  which  contains  the  common  carotid  artery,  the  into'nal  jugular  vein,  and  the 
vagus  nerve  ;  the  middle  cervical  ganglion  of  the  s^'uipathetic  lies  in  front  of  the  artery 
as  it  bends  inwards,  and  on  the  left  side  the  thoracic  duct  also  passes  in  front  of  it. 

Branches. — It  gives  off  the  following  branches  : — 

(")  Muscular. — Numerous  small  branches  pass  to  the  scalenus  anticus,  the  longus 
colli,  the  infra-liyoid  muscles,  and  the  inferior  constrictor  of  the  pharynx. 

(Jj)  The  ascending  cervical  branch  (a.  cervicalis  ascendens)  usually  springs  from  the 
inferior  thyroid  near  its  origin,  though  not  uncommonly  it  rises  separately  from  the  thyroid 
axis.  It  ascends  parallel  with  and  internal  to  the  phrenic  nerve,  in  the  angle  between  the 
rectus  capitis  anticus  major  and  the  scalenus  anticus,  to  both  of  wiiich  it  gives  branches. 
It  also  gives  off  spinal  branches  which  pass  through  the  intervertebral  foramina  to  the 
spinal  canal,  and  it  anastomoses  with  bi-anches  of  the  vertebral,  occipital,  ascending 
pharyngeal,  and  deep  cervical  arteries. 

(c)  (Esophageal  (rami  oesophagei)  are  small  branches  given  to  the  walls  of  the 
cosophagus,  which  anastomose  with  the  oesophageal  branches  of  thCj^thoracic  aorta. 

\d)  Tracheal  branches  (rami  tracheales)  are  distributed  to  the  trachea ;  they  anasto- 
mose with  In'anches  of  the  superior  thyroid  and  with  the  bronchial  arteries. 

(e)  An  inferior  laryngeal  branch  (a.  laryngea  inferior)  accompanies  the  recurrent 
laryngeal  nerve  to  the  lower  part  of  the  larynx.  It  enters  the  laiynx,  beneath  the  lower 
border  of  the  inferior  constrictor,  gives  branches  to  its  muscles  and  mucous  membrane, 
and  anastomoses  with  the  laryngeal  branch  of  the  superior  thyroid. 

(/)  The  ascending  terminal  branch  supplies  the  posterior  and  lower  part  of  the 
thyroid  body,  and  anastomoses  with  branches  of  the  superior  thyroid  artery. 

{g)  The  inferior  terminal  branch  is  distributed  to  the  lower  and  inner  part  of  the 
thyroid  body.  It  anastomoses  with  its  fello\y  of  the  opposite  side  and  with  brunches  of 
the  superior  thyroid  artery. 

(B)  The  transverse  cervical  artery  (a.  transversa  colli,  Figs.  552  and  554) 
runs  upwards,  outwards,  and  backwards  from  the  thyroid  axis  across  the  posterior 
triangle  of  the  neck  to  the  anterior  border  of  the  trapezius,  where  it  divides  into 
superhcial  cervical  (ramus  ascendens)  and  posterior  scapular  (ramus  descendens) 
1  tranches.  It  is  very  variable  in  size,  and  not  infreqtiently  the  posterior  scapular 
arises  separately  from  the  third  part  of  the  subclavian. 

Immediately  after  its  origin,  under  cover  of  the  internal  jugular  vein,  it  crosses 
the  scalenus  anticus,  lying  superficial  to  the  phrenic  nerve  and  under  cover  of  the 
sterno-mastoid  muscle  ;  on  the  left  side  it  is  also  crossed  superficially  by  the  terminal 
part  of  tlie  tlioracic  duct.    Passing  from  Iteneath  tlie  sterno-mastoid,  it  enters  the 
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lower  part  of  the  posterior  triangle  of  the  neck,  where  it  lies  upon  the  trunks  of 
the  brachial  plexus,  and,  as  it  runs  upwards  and  backwards  to  its  tennination,  it 
passes  beneath  the  posterior  belly  of  the  omo-hyoid. 

Branches. — («)  Small  muscular  branches  to  the  surrounding  muscles. 
[b)  The  superficial  cervical  artery  (a.  cervicalis  superficialis),   usually  a  slender 
branch,  passes  beneath  the  trapezius ;  it  runs  upwards  over  the  levator  anguli  scapulae 


Levator  anguli  scapiilic 


Suprascapulav  artery 


RhomboiJeus  minor- 


Posterior  scapular 
artery 


RhomboiJeus  major 

V, 

Infraspinatns  \  .\  \ — 

Long  head  of  triceps 
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Latissimus  dorsi 
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Deltoid 
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Triceps  (ext.  head) 
.Superior  profunda 
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-Triceps  (ext:  head) 


-Brachialis  anticus 


Fig.  560. — Dissection  of  the  B.\ck  of  the  Shoulder  and  Upper  Aum,  showing  the  anastomosing 
vessels  on  the  dorsum  of  the  scapula,  anil  the  posterior  circumflex  and  superior  profunda  arteries. 

and  upon  the  splenius,  and  anastomoses  with  the  arteria  prineeps  cervicis,  a  branch  of 
the  occipital  artery,  and  it  sends  branches  downwards  which  accompany  the  spinal 
accessory  nerve  and  anastomose  with  the  posterior  scapular  and  suprascapular  arteries. 

(c)  The  posterior  scapular  artery  descends  beneath  the  levator  anguli  scajjula)  and 
the  rhomboid  muscles,  close  to  the  posterior  border  of  the  scapula.  It  runs  parallel 
with,  and  a  short  distance  away  from,  the  nerve  to  the  rhomboid  nuiscles,  and  it  sends 
branches  into  the  supraspinous,  the  infraspinous,  and  the  sutiscapular  fossa*,  which 
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anastomose  with  branches  of  the  suprascapular  and  subscapular  arteries.  It  also  sends 
branches  backwards  through  and  between  the  rhomboid  muscles,  which  anastomose  with 
the  superficial  cervical  artery  and  with  the  dorsal  branches  of  the  intercostal  arteries. 

(C)  The  suprascapular  artery  (a.  transversa  scapulas)  springs  from  the  thyroid 
axis,  and  terminates  in  the  infraspinous  fossa  of  the  scapula.  As  a  .  rule  it  is 
smaller  than  the  transverse  cervical  artery. 

Commencing  behind  the  internal  jugular  vein,  it  crosses  the  scalenus  anticus 
and  phrenic  nerve,  and  is  covered  in  front  by  the  sterno-mastoid  and  the  anterior 
jugular  vein ;  on  the  left  side  it  lies  behind  the  termination  of  the  thoracic 
duct  also.  Continuing  outwards  and  backwards  behind  the  clavicle,  and  crossing 
superficially  to  the  third  pa.rt  of  the  subclavian  artery  and  the  cords  Of  the  brachial 
plexus,  it  reaches  the  suprascapular  notch  and  passes  over  the  suprascapular  liga- 
ment. From  this  point  it  descends  with  the  suprascapular  nerve  through  the 
supraspinous  fossa  and  beneath  the  supraspinatus  muscle,  and  passing  through 
the  great  scapular  notch  under  the  spino-gleuoid  ligament,  enters  the  infraspinous 
fossa,  where  it  anastomoses  with  the  dorsal  branch  of  the  subscapular  and  with 
branches  of  the  posterior  scapular  arteries. 

Branches. — (")  Muscular,  to  the  sterno-mastoid,  the  subclavius,  and  the  muscles  on 
the  dorsum  of  the  scapula. 

(i)  The  medullary,  a  small  branch  to  the  clavicle. 

(r)  The  suprasternal,  to  the  sternal  end  of  the  clavicle  and  the  sterno-clavicular 
joint.  , 

(d)  Acromial  branches,  which  ramify  over  the  acromion  process,  anastomosing  with 
the  acromial  branches  of  the  aci'omio-thoracic  and  the  posterior  circumflex  arteries. 

(e)  Articular,  to  the  acromio-clavicidar  and  shoulder  joints. 

(/')  'i'he  subscapular,  which  is  given  off  as  the  artery,  passes  over  the  transverse  supra- 
scapular ligament.  It  passes  down  into  the  subscapular  fossa,  gives  branches  to  the 
subscapularis,  and  anastomoses  with  the  branches  of  the  subscaiudar  and  posterior 
scapular  arteries. 

((/)  Supraspinous,  which  ramify  in  the  supraspinous  fossa,  supplying  the  muscle,  and 
anastomosing  with  the  posterior  scapular. 

(h)  Terminal  branches  ramify  in  the  infraspinous  fossa,  and  anastomose  with  the 
dorsalis  scapuhe  and  with  branches  of  the  posterior  scapular  artery. 

(3)  Internal  Mammary  Artery  (a.  mammaria  interna,  Fig.  552). — This  arises 
from  the  lower  and  front  part  of  the  subclavian  at  the  inner  border  of  the  scalenus 
anticus  and  immediately  below  the  origin  of  the  thyroid  axis.  It  terminates 
behind  the  inner  extremity  of  the  sixth  intercostal  space  by  dividing  into  the 
musculo-phrenic  and  the  superior  epigastric  arteries. 

The  artery  passes  at  first  downwards,  forwards,  and  inwards,  lying  upon  the 
pleura,  and  behind  the  subclavian  vein,  the  sternal  end  of  the  clavicle,  and  the 
cartilage  of  the  first  rib :  it  is  crossed  obliquely  from  without  inwards  by  the 
phrenic  nerve,  which  usually  passes  in  front  of  it.  From  the  cartilage  of  the  first 
rib  it  descends  vertically,  about  half-an-inch  from  the  border  of  the  sternum,  and 
lies  in  the  upper  part  of  its  course  upon  the  pleura,  and  in  the  lower  part  upon  the 
triangularis  sterni.  It  is  covered  in  front  by  the  cartilages  of  the  upper  six  ribs, 
the  intervening  intercostal  muscles,  and  the  terminal  portions  of  the  intercostal 
nerves,  and  it  is  accompanied  by  two  vena  comites,  which  unite  together  above  and 
on  its  inner  side  to  form  a  single  trunk  which  terminates  in  the  innominate  vein. 

Branches. — («)  The  comes  nervi  phrenici  (a.  pericardiaco-phrenica),  or  superior 
phrenic  artery,  is  a  long  slender  brancli  which  is  given  off  from  the  upper  part  of  the 
internal  mammary.  It  accompanies  the  phrenic  nerve  through  the  superior  and  middle 
mediastinal  spaces  to  the  diaphragm,  where  it  anastomoses  with  the  inferior  phrenic  and 
musculo-phrenic  arteries.  In  its  course  downwards  the  artery  gives  oft'  numerous  small 
branches  to  the  pleura  and  pericardium,  which  anastomose  with  oft'sets  of  the  mediastinal 
and  pericardial  branches  of  the  aorta  and  internal  mammaiy  arteries,  and  also  with  the 
bronchial  arteries,  forming  the  wide-meshed  subpleural  plexus  of  Turner. 

(6)  Mediastinal  branches  (aa.  mediastinales  anteriores),  small  and  numerous,  pass  to 
the  areolar  tissue  of  the  anterior  mediastinal  space  and  supply  the  remains  of  the  thymus 
gland  and  the  sternum. 


BEANCHES  OF  THE  SUBCLAVIAN  AETEEY. 


781 


(c)  Pericardial. — These  are  several  small  Ijranclies  which  ramify  on  the  anterior  aspect 
of  the  pericardium. 

(fZ)  The  anterior  intercostal  (rami  intercostales),  are  two  in  number  in  each  of  the 
upper  six  intercostal  spaces.  They  pass  outwards  for  a  short  distance  either  between  the 
pleura  or  the  triangularis  sterni  and  the  internal  intercostal  muscles ;  they  then  pierce 
the  internal  intercostal  muscles,  and  ramify  between  them  and  the  external  intercostal 
umscles,  anastomosing  with  the  aortic  and  superior  intercostal  arteries  and  their  collateral 
branches. 

(e)  'i'he  anterior  perforating  branches  (rami  perforantes),  one  in  each  of  the  upper  six 
intercostal  spaces,  are  small  vessels  which  pass  forwards  with  the  intercostal  nerves, 
piercing  the  internal  intercostal  muscle,  the  anterior  intercostal  membrane,  and  the 
pectoralis  major,  to  terminate  in  the  skin  and  subcutaneous  tissue.  They  supply  twigs 
to  the  sternum,  and  those  in  the  third  and  fourth  spaces,  usually  the  largest  of  the  series, 
give  off  branches  to  the  mammary  gland. 

(/)  The  musculo  phrenic  (a.  musculo-phrenica),  or  external  terminal  branch  of  the 
internal  mammary  artery,  runs  downwards  and  outwai'ds  fi'om  the  sixth  intercostal  space 
to  the  tenth  costal  cartilage.  In  the  upper  part  of  its  course  it  lies  upon  the  thoracic 
surface  of  the  diaphragm,  but  it  pierces  the  muscle  about  tlie  level  of  the  eighth  costal 
cartilage,  and  terminates  on  its  abdominal  surface.    Its  branches  are  :  — 

(i.)  Muscular,  wliicli  supply  the  diaphragm  and  anastomose  with  the  superior  and  inferior 
phrenic  arteries. 

(ii.)  Anterior  intercostal  branches,  two  in  each  of  the  seventh,  eighth,  and  ninth  intercostal 
spaces ;  tliey  are  distributed  in  tlie  same  manner  as  the  corresponding  Ijranclies  of  the  internal 
mammary  artery,  and  terminate  by  anastomosing  with  tlie  aortic  intercostals  and  their  collateral 
branches. 

(g)  The  superior  epigastric  (a.  epigastrica  superior),  or  internal  terminal  branch  of  the 
internal  mammary  arter}-,  descends  into  the  anterior  wall  of  the  abdomen.  It  leaves  the 
thorax,  between  the  sternal  and  costal  origins  of  the  diaphragm,  and  enters  the  sheath  of 
the  rectus,  lying  first  behind,  and  then  in  the  substance  of  the  rectus  muscle.  It  termi- 
nates by  anastomosing  with  branches  of  tlie  deep  epigastric  artery.     Its  branches  are  : — 

(i.)  Muscular,  to  tlie  rectus,  to  the  flat  nuiscles  of  the  abdominal  wall,  and  to  the  diaphragm. 

(ii.)  Anterior  Cutaneous. — These  branches  pierce  the  rectus  and  the  anterior  portion  of  its 
sheath.  They  accompany  the  anterior  terminal  branches  of  the  lower  six  intercostal  nerves,  and 
terminate  in  the  subcutaneous  tissues  and  skin  of  the  middle  portion  of  the  anterior  abdominal 
wall. 

(iii.)  Ensiform,  a  small  branch  which  crosses  the  front  of  the  ensiform  process  to  anastomose 
with  its  fellow  of  the  opposite  side.    It  supplies  the  adjacent  muscles  and  skin. 

(iv.)  Hepatic  branches  of  small  size  pass  backwards  in  the  falciform  ligament  to  the  liver, 
where  they  anastomose  with  branches  of  the  hepatic  artery. 

(4)  Superior  Intercostal  Artery  (truncus  costo-cervicalis,  Fig.  556). — The 
superior  intercostal  artery  springs  from  the  back  of  the  second  part  of  the  sub- 
clavian artery  on  the  right  side  and.  from  the  first  part  on  the  left  side.  It  runs 
upwards  and.  backwards  from  its  origin,  over  the  apex  of  the  pleural  sac,  to  the 
neck  of  the  first  rib  in  front  of  which  it  descends,  between  the  first  thoracic 
ganghon  of  the  sympathetic  cord  and  the  first  dorsal  nerve,  to  the  first  intercostal 
space,  where  it  divides  into  two  branches  which  are  distributed  to  the  upper  two 
intercostal  spaces. 

Branches. — (a)  The  profunda  cervicis  (a.  cervicalis  profunda). — This  branch  some- 
times arises  from  the  subclavian  artery  directly  ;  but  more  commonly  it  springs  from  the 
superior  intercostal  at  the  upper  border  of  the  neck  of  the  first  rib.  It  runs  backwards,  like 
the  dorsal  branch  of  an  intercostal  artery,  passes  between  the  fii'st  dorsal  and  last  cervical 
nerves,  and  between  the  transverse  process  of  the  last  cervical  vertebra  and  the  neck  of  the 
first  rib  to  the  back  of  the  neck,  where  it  ascends  between  the  complexus  and  the  semi- 
spinalis  colli  muscle  to  terminate  by  anastomosing  with  the  deep  branch  of  the  princeps 
cervicis  artery.  It  also  anastomoses  with  branches  of  the  ascending  cervical  and  vertebral 
arteries,  supplies  the  adjacent  muscles,  and  sends  a  spinal  branch  through  the  inter- 
vertebral foramen  between  the  last  cervical  and  the  first  dorsal  vertebrae  into  the  spinal 
canal,  which  anastomoses  with  the  sjainal  branches  of  the  vertebral  and  intercostal 
arteries.  .  . 

(6)  Terminal. — The  two  terminal  branches  run  outwards,  one  in  the  first  and  one 
in  the  second  intercostal  space.  Each  runs  near  the  upper  border  of  its  space,  passing  at 
first  between  the  pleuKi  and  the  posterior  intercostal  membrane,  and  then  between  the 
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internal  and  external  intercostal  muscles.  The  branches  terminate  by  anastomosing  with 
anterior  intercostal  branches  of  the  internal  mammarj-  artery.  Each  gives  off'  muscular 
branches  to  the  intercostal  muscles,  a  nutrient  In'anch  to  the  rib  below  which  it  lies,  and" a 
collateral  branch  which  runs  along  the  lower  border  of  the  space  and  terminates  by 
anastomosing  with  an  anterior  intercostal  branch  of  the  internal  mammary  arterj'. 

THE  AXILLARY  ARTERY. 

The  axillary  artery  (a.  axillaris)  lies  in  the  axillary  space.  It  is  the  direct 
continuation  of  the  sul)clavian  artery,  and  it  becomes  the  brachial  artery. 

The  axillary  artery  commences  at  the  outer  border  of  the  first  rib,  at  the  apex 
of  tlie  axillary  space.    It  descends,  with  an  outward  inclination,  along*  the  external 
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wall  of  the  space,  i.e.  to  the  inner  side  of  the  shoulder-joint  and  the  humerus,  to  the 
lower  border  of  the  teres  major,  where  it  becomes  the  brachial  artery.  A  line 
drawn  from  the  middle  of  the  clavicle  to  the  inner  border  of  fhe  prominence  of  the 
coraco-braehiaUs  and  l)icei)S  muscles,  when  the  arm  is  abducted  until  it  is  at  right 
angles  with  the  side,  indicates  the  position  and  direction  of  the  artery. 

The  position  and  direction,  however,  and  to  a  certain  extent  th&  relations  also 
'  of  the  axillary  artery,  are  modified  by  changes  in  the  position  of  the  upper 
extremity.  With  the  arm  hanging  1)}'  the  side  the  axillary  artery  describes  a 
curve  wdtli  the  concavity  directed  downwards  and  inwards,  and  the  vein  is  to  its 
inner  side.  When  the  arm  is  at  right  angles  with  the  side,  the  axillary  artery  is 
almost  straight,  it  lies  closer  to  the  outer  wall  of  the  axilla,  and  the  vein  overlaps 
it  in  front  and  on  the  inner  side.    When  the  arm  is  raised  above  the  level  of  the 
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shoulder  the  axillary  artery  is  curved  over  the  head  of  the  humerus,  and  the  vein 
lies  still  more  in  front  of  it. 

For  descriptive  purposes  the  artery  is  divided  into  three  parts ;  the  first  part 
lies  above,  the  second  behind,  and  the  third  part  below  the  pectoralis  minor 
muscle. 

Though  we  have  followed  the  usual  custom  in  describing  three  parts  of  the 
axillary  artery,  a  division  which  is  perhaps  of  practical  interest  in  so  far  as  it 
emphasises  the  fact  that  the  axillary  artery  is  surgically  accessible  above  the 
pectoralis  minor,  it  is  to  be  noted  that  the  upper  border  of  the  pectoralis  minor  is 
usually  exactly  opposite  the  outer  border  of  the  first  rib,  at  the  point  where  the 
axillary  arten^"  begins.  In  tlie  strict  sense,  tlierefore,  no  part  of  the  artery  is 
above  the  pectoralis  minor. 

Relations  of  the  first  part. — Posterior. — The  first  part  of  the  artery  is  enclosed, 
together  with  the  vein  and  the  cords  of  the  bi'achial  plexus,  in  a  prolongation  of  the 
cervical  fascia  known  as  the  axillary  sheath,  behind  which  is  the  upper  serration  of  the 
serratus  magnus  muscle,  the  contents  of  the  first  intercostal  space,  the  internal  anterior 
thoracic  and  the  posterior  thoracic  nerves,  the  latter  descending  vertically  between  the 
artery  and  the  serratus  magnus.  Anterior. — It  is  covered  in  front  by  the  costo-coracoid 
membrane,  the  upper  part  of  which  splits  to  enclose  the  subclavius  muscle.  Tlie  mem- 
brane intervene^  between  the  artery  and  the  cephalic  vein,  the  branches  of  the  external 
anterior  thoracic  nerve,  the  branches  of  the  acromio-tlioracic  artery  with  their  accom- 
panying veins,  aiid  the  clavicular  part  of  the  pectoralis  major  muscle,  superficial  to  which 
are  the  deep  fascia,  the  platysma,  the  descending  clavicular  branches  of  the  cei'vical 
plexus,  and  the  superficial  fascia  and  the  skin.  Behind  the  costo-coi'acoid  membrane  the 
artery  is  crossed  by  a  loop  of  communication  between  the  external  and  internal  anterior 
thoracic  nerves.  Lateral. — Above  and  to  the  outer  side  ai-e  the  cords  of  the  brachial 
plexus  and  the  external  anterior  thoracic  nerve.  Below  and  to  the  inner  side  is  the 
axillary  vein,  the  internal  anterior  thoracic  nerve  intervening. 

Relations  of  the  second  part. — Posterior. -^-^ehiwdL  this  portion  of  the  artery  is 
the  posterior  cord  of  the  brachial  jDlexus  and  a  layer  of  fascia  which  separates  it  from  the 
subscajjularis  muscle.  Anterior. — In  front  is  the  pectoralis  minor,  and  more  superficially 
the  pectoralis  major,  the  fascite  and  skin.  Lateral.  —  To  the  outer  side  lies  the  outer  cord 
of  the  l)rachial  plexus.  On  the  inner  side  the  inner  cord  of  the  plexus  lies  in  close  relation 
to  the  artery,  and  intervenes  between  it  and  the  axillary  vein. 

Relations  of  the  third  part. — Posterior.  —  The  third  part  of  the  artery  rests 
posteriorly  upon  the  lower  border  of  the  subscapularis,  the  latissimus  dorsi,  and  the 
teres  major.  It  is  sepai-ated  from  the  fibres  of  the  subscapularis  by  the  circumflex  and 
musculo-spiral  nerves,  and  from  the  latissimus  dorsi  and  teres  major  by  the  musculo- 
spiral  nerve  alone.  Anterior. — It  is  crossed  in  front  by  the  inner  head  of  the  median 
nerve.  In  its  upper  half  it  lies  under  cover  of  the  lower  part  of  the  pectoralis  major, 
the  fascia  and  skin,  whilst  its  lower  part,  which  is  superficial,  is  covered  by  skin  and 
fascia  only.  Lateral. — To  the  outer  side  lie  the  median  and  musculo  cutaneous  nerves 
and  the  coraco-brachialis  muscle.  To  the  inner  side  is  the  axillary  vein.  The  two  vessels 
are,  however,  separated  by  two  of  the  chief  branches  of  the  inner  cord  of  the  brachial  plexus. 
In  the  angle  between  the  vein  and  the  artery,  and  somewhat  in  front  of  the  latter,  lies 
the  internal  cutaneous  nerve ;  in  the  angle  behind  is  the  ulnar  nerve.  The  lesser 
internal  cutaneous  nerve  lies  internal  to  the  vein,  and  the  vense  comites  of  the  brachial 
artery  ascend  along  the  inner  side,  to  terminate  in  the  axillai'y  vein  at  the  lower  border 
of , the  subscapularis  muscle. 

Branches  of  the  Axillary  Artery. 

(1)  The  superior  thoracic  (a.  thoracalis  suprema.  Fig.  561),  a  small  branch 
which  arises  from  the  first  part  of  the  axillary  at  the  lower  border  of  the  sub- 
clavius. It  runs  downwards  and  inwards  across  the  first  intercostal  space,  pierces 
the  inner  part  of  the  costo-coracoid  membrane,  and  supplies  branches  to  the  sub- 
clavius, the  pectoralis  major  and  minor,  and  to  the  serratus  magnus  and  the  inter- 
costal muscles ;  it  anastomoses  with  branches  of  the  suprascapular,  the  internal 
mammary,  and  the  acromio-thoracic  arteries. 

(2)  The  acromio-thoracic  (a.  thoraco-acromialis.  Fig.  561)  arises  near  the  upper 
border  of  the  pectoralis  minor,  from  the  second  part  of  the  axillary  artery.    It  is  a 
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very  short  trunk,  of  considerable  size,  which  passes  forwards,  pierces  the  costo- 
eoracoid  membrane,  and  terminates  beneath  the  clavicular  portion  of  the  pectoralis 
major  by  dividing  into  four  terminal  branches — clavicular,  pectoral,  humeral,  and 
acromial. 

(a)  The  clavicular  branch  (ramus  clavi&ularis)  is  a  long  slender  artery  which  runs 
upwai'ds  and  inwards  to  the  steruo-clavicular  joint,  anastomosing  with  tlie  superior  tlioracic, 
with  branches  of  the  suprascapular,  and  with  the  first  perforating  branch  of  the  internal 
mammaiy  artery.  It  supphes  the  adjacent  muscles  and  the  sterno  -  ckxvicular 
articulation. 

'{b)  The  pectoral  (ramus  pectoralis),  or  tlioracic,  is  a  large  branch  which  descends 
between  the  two  pectoral  muscles,  to  both  of  which  it  gives  branches,  and  anastomoses  with 
the  intercostal  and  long  thoracic  arteries. 

(c)  The  humeral  branch  (ramus  deltoideus)  runs  outwards  to  the  groove  between  the 
pectoralis  major  and  the  deltoid,  in  which  it  descends  in  company  with  the  cephalic  vein 
to  the  insertion  of  the  deltoid.  It  anastomoses  with  the  acromial  branch  and  with  the 
anterior  circumflex  arterj',  and  it  gives  branches  to  the  pectoralis  major  and  deltoid 
muscles  and  to  the  skin. 

{d)  The  acromial  branch  (ramus  acromiabs)  runs  uinvards  and  outwards  across  the  tip 
of  the  coracoid  process  to  the  acromion,  where  it  anastomoses  with  the  last-described 
branch,  with  the  acromial  branches  of  the  suprascapular,  and  with  the  posterior  circiunflex 
arteries.    It  gives  lirauches  to  the  deltoid. 

(3)  The  long  thoracic  (a.  thoracalis  lateraUs)  arises  from  the  second  part  of 
the  axillary,  and  descends  along  the  lower  l)order  of  the  pectoralis  minor  to 
anastomose  with  the  intercostal  and  subscapular  arteries,  and  with  the  pectoral 
branch  of  the  acromio  -  thoracic.  It  supplies  the  adjacent  muscles,,  and  sends 
branches  to  the  outer  part  of  the  luiunniary  gland,  hence  it  is  not  infrequently 
called  the  external  mammary  artery. 

(4)  The  alar  thoracic  is  only  occasionally  present  as  a  distinct  branch,  but  it 
is  frequently  represented  by  a  number  of  small  irregular  branches,  which  may 
either  arise  from  the  axillary  or  from  the  thoracic  and  subscapular  branches.  It  is 
distributed  to  the  glands  and  areolar  tissue  in  the  axilla. 

(5)  The  subscapular  artery  (a.  subscapularis)  is  the  largest  branch  of  the 
axillary  artery.  It  arises  from  the  third  part  of  the  artery,  opposite  the  lower 
border  of  the  subscapularis,  along  which  it  descends  to  the  lower  angle  of  the 
scapula  and  to  the  inner  wall  of  the  axillary  space.  It  is  accompanied  by  the 
second  or  long  subscapular  nerve  ;  it  supplies  the  adjacent  muscles,  and  it  anasto- 
moses with  the  posterior  scapular,  the  suprascapular,  the  long  thoracic,  and  the 
lateral  branches  of  the  intercostal  arteries,  and  gives  off  one  named  branch,  the 
dorsalis  scapulie. 

The  dorsalis  scapulae  artery  (a.  circumflexa  scapuhe)  is  frequently  larger  than  the 
continuation  of  the  subscapular  artery.  It  arises  about  one  and  a  half  inches  (37  mm.) 
from  the  commencement  of  the  subscapular  trunk,  and  passes  backwards  into  the 
triangular  space  between  the  subscapularis  above,  the  teres  major  below,  and  tlie  long- 
head of  the  triceps  externally.  Turning  round,  and  usually  grooving  the  axillary  border 
of  the  scapula,  under  cover  of  the  teres  minor,  it  enters  tlie  infraspinous  fossa,  where  it 
breaks  up  into  branches  which  anastomose  with  branches  of  the  posterior  scapular  and 
sujjrascapular  arteries.  Whilst  it  is  in  the  triangular  space  the  dorsal  artery  gives  off  an. 
infra scajmlar  branch  which  passes  into  the  subscapular  fossa  beneath  the  subscapularis, 
and  terminates  by  anastomosing  with  the  branches  of  the  posterior  and  suprascapular 
arteries.  It  also  gives  ofi"  in  the  same  situation  a  descending  branch,  which  runs  down- 
wards to  the  lower  angle  of  the  scapula  between  the  teres  major  and  minor  muscles,  and 
small  branches  are  given  to  the  deltoid  and  scapular  head  of  tricejjs. 

(6)  The  posterior  circumflex  (a.  circumflexa  humeri  posterior)  arises  from 
the  third  part  of  the  axillary  artery  and  passes  backwards,  acconipanied  by 
the  circumflex  nerve,  through  the  quadrilateral  space,  which  is  bounded  by  the 
teres  minor  above,  the  teres  major  below,  the  long  head  of  the  triceps  internally, 
and  the  humerus  externally.  It  turns  round  the  surgical  neck  of  the  humerus 
under  cover  of  the  deltoid  muscle,  and  terminates  in  numerous  branches  which 
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supply  the  deltoid.  As  a  rule  it  is  an  artery  of  large  size,  only  slightly  smaller 
than  the  subscapular. 

Branches. — {a)  Muscular  to  the  teres  major  and  minor,  the  triceps  heads,  long 
and  external,  '  and  the  deltoid ;  (b)  An  acromial  branch,  which  ascends  to  the 
acromial  process,  where  it  anastomoses  with 
the  acromial  branches  of  the  suprascapular  and 
the  acromio-thoracic  arteries  ;  (c)  A  descending 
branch,  which  runs  downwards  along  the  external 
head  of  the  triceps  to  anastomose  with  the 
superior  profunda  artery ;  (d)  Articular  to  the 
shoulder-joint;  (e)  Nutrient  to  the  head  of 
the  humerus;  (/)  Terminal,  which  supply  a 
large  portion  of  the  deltoid,  and  anastomose 
with  the  anterior  circumflex  and  acromio-thoracic 
artei'ies. 

(7)  The  anterior  circumflex  artery 

(a.  circumhexa  humeri  anterior)  is  a  small 
branch  which  is  given  off  from  the  third 
part  of  the  axillary  close  to,  or  in  common 
with,  the  posterior  circumflex.  It  passes 
outwards  beneath  the  coraco-brachialis  and 
the  two  heads  of  the  biceps,  round  the  front 
of  the  surgical  neck  of  the  humerus,  and 
terminates  by  anastomosing  with  the  posterior 
circumflex..  At  the  bicipital  groove  it  giA^es 
a  well-marked  ascending  bicipital  branch 
which  ascends  along  the  long  head  of  the 
biceps,  supplying  the  sheath  of  the  tendon, 
and  giving  branches  to  the  shoulder-joint. 
It  also  gives  muscular  branches  to  the 
adjacent  muscles,  one  of  which  descends 
along  the  tendon  of  insertion  of  the  pectoralis 
major. 

THE  BEACHIAL  ARTERY. 

The  brachial  artery  (a.  brachialis)  is 
the  direct  continuation  of  the  axillary.  It 
commences  at  the  lower  border  of  the  teres 
major,  and  terminates  in  the  ante-cubital 
fossa  at  the  level  of  the  neck  of  the  radius, 
by  dividing  into  the  radial  and  ulnar  arteries. 

The  general  course  of  the  brachial  artery 
is  downwards  and  outwards,  along  the  inner 
side  of  the  arm.  Its  position  may  be  indicated 
on  the  surface  by  a  line  drawn  from  the  lower 
part  of  the  axillary  space  at  the  junction  of 
its  anterior  and  middle  thirds  to  the  centre 
of  the  bend  of  the  elbow. 


Fig.  562.- 


Bicipital 
fascia 

Supinator 
lons'us 


-The  Brachial  Artery  and  its 
Branches. 


Relations. — Posterior. — It  rests  successively  upon  the  long  head  of  the  triceps,  the 
musculo-spiral  nerve  and  the  superior  profunda  artery  intervening,  the  internal  head  of 
the  triceps,  the  insertion  of  the  coraco-brachialis  and  the  brachialis  anticus.  Anterior. — 
It  is  overlapped  in  front  by  the  inner  border  of  the  biceps,  is  crossed  at  its  centre  by  the 
median  nerve,  and  in  addition  is  covered  by  deep  and  superficial  fascia  and  by  skin.  In 
the  ante-cubital  fossa  a  thickened  portion  of  the  deep  fascia,  the  semilunar  or  bicipital 
fascia,  separates  it  from  the  median  basilic  vein  and  the  anterior  branch  of  the  internal 
cutaneous  nerve,  both  of  which  lie  in  the  superficial  fascia.  Lateral. — To  the  outer  side 
it  is  in  relation  above  with  the  median  nerve,  and  below  with  the  biceps.  To  the  inner 
side  it  is  in  relation  in  the  upper  part  of  its  extent  with  the  basilic  vein,  the  internal 
50 
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cutaneous,  lesser  internal  cutaneous,  and  ulnar  nerves,  and  in  the  lower  part  with  the 
median  nerve.  Two  vena  comites,  one  on  each  side,  accompany  the  artery,  and  com- 
munications between  these  pass  across  the  vessel. 

Bkanches  of  the  Brachial  Artery. 

(1)  The  superior  profunda  (a.  prdfunda  brachii)  is  a  large  branelj  which 
arises  from  the  inner  and  back  part  of  the  brachial  soou  after  its  commencement. 
It  runs  downwards  and  outwards,  with  the  musculo-spiral  nerve,  in  the  musculo- 
spiral  groove,  and  divides  at  the  back  of  the  humerus  into  two  terminal  branches, 
the  anterior  and  the  posterior.  Not  infrequently  this  division  takes  }ilace  at  a 
higher  level,  and  the  artery  appears  double.  The  anterior  terminal  branch 
accompanies  the  musculo-spiral  nerve  through  the  external  intermuscular  septum, 
and  descends  between  the  supinator  longus  and  the  brachialis  anticus  to  the  front 
of  the  external  condyle,  where  it  anastomoses  with  the  radial  recurrent  artery. 
The  posterior  terminal  branch  descends  behind  the  external  intermuscular  septum, 
and  anastomoses  behind  the  external  condyle  with  the  posterior  interosseous 
recurrent  artery  and  with  the  anastomotic  artery. 

Whilst  they  are  lying  at  the  back  of  the  humerus  one  of  the  terminal  branches 
gives  off — (a)  a  slender  twig,  which  descends  in  the  substance  of  the  internal  head 
of  the  triceps  to  the  back  of  the  elbow,  where  it  anastomoses  with  the  anastomotic 
artery  ;  (b)  a  nutrient  branch,  which  enters  a  foramen  ou  the  posterior  surface  of  the 
humerus ;  and  (c)  an  ascending  branch,  which  anastomoses  with  the  descending- 
branch  of  the  posterior  circumflex  artery. 

(2)  Muscular  branches  are  given  to  the  Ijiceps,  coraco-brachialis,  brachialis 
anticus,  triceps,  and  pronator  radii  teres. 

(o)  Nutrient. — A  small  artery  which  arises  from  the  middle  of  the  brachial  and 
enters  the  nutrient  foramen  on  the  inner  side  of  the  shaft  of  the  humerus. 

(4)  The  inferior  profunda  (a.  coUateralis  ulnaris  superior)  is  smaller 
than  the  superior  profunda,  with  which  it  sometimes  rises  by  a  common  trunk : 
usually,  however,  it  springs  from  the  inner  and  back  part  of  the  middle  of  the 
brachial.  It  runs  downwards  and  l)ackwards,  with  the  ulnar  nerve,  through  the 
internal  intermuscular  septum,  and  then,  descending  more  vertically,  reaches  the 
back  of  the  internal  condyle  of  the  humerus,  where  it  terminates  by  anastomosing 
with  the  posterior  ulnar  recurrent  and  anastomotic  arteries. 

(5)  The  anastomotic  (a.  collateralis  ulnaris  inferior)  rises  from  the  inner 
side  of  the  brachial  artery  about  two  inches  (50  mm.)  above  its  termination. 
It  runs  inwards  behind  the  median  nerve  and  in  front  of  the  brachialis  anticus,  it 
then  pierces  the  internal  intermuscular  septum,  and  turns  outwards  between  the 
inner  head  of  the  triceps  and  the  posterior,  surface  of  the  bone  to  the  external  con- 
dyle. It  supplies  the  adjacent  muscles  and  anastomoses,  in  front  of  the  internal 
condyle,  with  the  anterior  ulnar  recurrent,  behind  the  internal  condyle  with  tlie 
posterior  ulnar  recurrent  and  the  inferior  profunda,  at  the  middle  of  the  back  of  tlie 
humerus  with  a  branch  of  the  superior  profunda,  and  behind  the  external  condyle 
with  the  posterior  terminal  branch  of  the  superior  profunda  and  the  posterior 
interosseous  recurrent  artery. 

The  Radial  Artery. 

Tlie  radial  artery  (a.  radialis,  Figs.  563,  564,  and  5G5)  is  tlie  smaller  of  the 
two  terminal  branches  of  the  brachial  artery  but  it  is  the  more  direct  continuation 
of  the  parent  trunk.  It  commences  in  the  ante-cubital  fossa  opposite  the  neck  of 
the  radius,  and  terminates  in  the  palm  of  the  hand,  by  anastomosing  with  the 
deep  branch  of  the  ulnar  artery,  and  tlius  completing  the  deep  pahuar  arch. 

The  trunk  is  divisible  into  three  parts. 

The  Jirst  part  lies  on  the  front  of  the  forearm.  It  runs  downwards  and  some- 
what outwards  to  the  apex  of  the  styloid  process  of  the  radius.  The  second  part 
curves  round  the  outer  side  of  the  wrist  and  across  the  back  of  the  trapezium  to 
reach  the  proximal  end  of  the  first  interosseous  space.     The  third  fart  pavsses. 
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forwards  through  the  first  interosseous  space  to  the  pahn  of  the  hand,  where  it 
joins  the  deep  branch  of  the  ulnar  artery. 


-Posterior.- 
of 


-It  passes  successively  in  front  of  tlie 
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Supinator  brevi.'L 
Radial  recurrent 
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Flexor  subliniis 
digitorum- 

Radial  artery 


Relations  of  the  first  part. 

following  structures :  the  tendon 
insertion  of  the  biceps,  the  supinator 
brevis,  the  pronator  radii  teres,  the 
radial  portion  of  the  flexor  subliniis 
digitorum,  the  flexor  Ibngus  pollicis,  the 
pronator  quadratus,  and  the  anterior 
ligament  of  the  wrist-joint.  Anterior. — 
The  artery  is  overlapped  in  the  upper 
half  by  the  anterior  border  of  the 
supinator  longus ;  in  .the  remainder  of 
its  extent  it  is  covered  only  by  skin  and 
fascia.  Lateral. — To  the  outer  side  is 
the  supinator  longus  and  the  radial 
nerve.  This  latter  lies  quite  near  to 
the  artery  in  its  middle  third.  To  the 
inner  side  is  the  pronator  radii  teres 
above  and  the  flexor  carpi  radialis  below. 
Two  vena  comites,  one  on  each  side, 
accompany  the  arterj'. 

Branches  of  the  first  part. — 
(1)  The  radial  recurrent  (a.  rectu-rens 
radialis)  arises  in  the  ante-cubital  fossa. 
It  springs  from  the  outer  side  of  the 
radial  in  front  of  the  supinator  brevis. 
It  runs  outwards,  passes  between  the 
radial  and  posterior  interosseous  nerves, 
and  then  ascends  to  the  external  condyle 
of  the  humerus,  where  it  anastomoses 
with  the  anterior  terminal  branch  of 
tlie  superior  profunda.  The  radial  re- 
current supplies  numerous  muscular 
branches  to  the  supinator  longus,  the 
supinator  brevis,  the  extensor  carpi 
radialis  longior,  and  the  extensor  carpi 
radialis  brevior. 

(2)  Muscular  branches  (rami 
musculares)  to  the  muscles  on  the 
radial  side  of  the  anterior  aspect  of  the 
forearm. 

(3)  The  superficialis  volse  (ramus 
volaris  superficialis.  Fig.  563)  is  a 
slender  vessel  which  arises  a  short 
distance  above  the  wrist  and  runs  down- 
wards across  the  ball  of  the  thumb.  It 
usually  pierces  the  superficial  muscles 
of  the  thenar  eminence,  and  terminates 
either  in  their  substance  or  by  uniting 
with  the  ulnar  artery  and  completing 
the  superficial  palmar  arch  of  the 
hand. 

(4)  An  anterior  radial  carpal  branch 

(ramus  carpeus  volaris)  passes  inwards 
beneath  the  flexor  tendons  and  their 
synovial  sheaths,  and  crosses  the  anterior 
carpal  ligaments.  It  anastomoses  with 
the  anterior  carpal  branch  of  the  ulnar 
artery  to  form  the  anterior  carpal  arch, 

and  it  receives  communications  from  the  anterior  interosseous  artery  and  from  the  deep 
palmar  arch. 


Radialis  indieis_ 
artery 


Flexor  longus  pollicis  


Superlicialis  voUe- 


Superticial 
palmar  arch 


Digital 
'  arteries 


Fig.  563.— Superficial  Dissection  of  the 
THE  FoiiBARM  AND  HAND,  showing  the 


Front  of 
radial  and 


ulnar  arteries  and  the  superficial  palmar  arch  with  its 
branches. 


788 


THE  VASCULAR  SYSTEM. 


Relations 

the  wrist,  the  r 

and  upon  the  back  of  the  trapezium.     It  is 


Biceps 


of  the  second  part. — As  it  curves  round  the  outer  side  and  the  back  of 
adial  artery  lies  upon  the  external  lateral  ligament  of  the  intercarpal  joint 

crossed  by  the  extensor  ossis  metacarpi 
pollicis,  the  extensor  brevis  poUicis,  and 
the  extensor  longus  pollicis  ;  more  super- 
ficially it  is  covered  by  fascia,  in  which 
are  some  filaments  of  the  radial  nerve 
and  the  commencement  of  the  radial  vein, 
and  by  skin. 

Branches  of  the  second  part. 
—  (1)  Dorsales  Pollicis.  —  Two  small 
arteries  which  run  along  the  borders  of 
the  dorsal  aspect  of  the  thumb ;  they 
supply  the  skin,  tendons,  and  joints,  and 
anastomose  with  the  palmar  digital 
arteries. 

(2)  Dorsalis  Indicis.  —  A  slender 
artery  which  runs  downwards  on  the 
ulnar  head  of  the  first  dorsal  interosseous 
muscle  and  along  the  dorsal  aspect  of 
the  radial  border  of  the  index-finger. 

(3)  and  (4)  The  metacarpal  or  first 
dorsal  interosseous  and  posterior  radial 
carpal  arise  by  a  common  trunk  which 
crosses  beneath  the  extensor  longus 
pollicis. 


-  Brachial 
artery 

Anastomotic 
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_Brachialis 
anticus 

.^Pronator 
teres 


Ulnar 
-recurrent 
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Flexor 
profunclns 
digitornm 


Ulnar  artery 


Anterior 
interosseous 
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Anterior 
-communicating 
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(rt)  The  metacarjjal  branch  (a.  metacarpea 
dorsalis)  descends  on  the  dorsal  asi^ect  of  the 
second  dorsal  interosseous  muscle,  and  divides 
op230site  the  heads  of  the  metacarpal  Ijones 
into  two  digital  Ijranches  which  supply  the 
adjacent  sides  of  the  index  and  middle' 
fingers.  (6)  The  posterior  carpal  branch 
(ramus  carpeus  dorsalis)  runs  inwards  on ' 
the  dorsal  carpal  ligaments,  and  beneath  the 
extensor  tendons,  to  anastomose  with  the 
posterior  carj^al  branch  of  the  idnar  artery, 
and  to  comj^lete  the  dorsal  carpal  arch  which 
receives  the  terminations  of  the  anterior  and 
posterior  interosseous  arteries.  The  dorsal 
carpal  arch  gives  off  the  second  and  third 
dorsal  interosseous  arteries  (aa.  metacarpie 
dorsales),  A'S'hich  descend  on  the  dorsal  aspects 
of  the  third  and  fourth  dorsal  interosseous 
muscles  as  far  as-the  heads  of  the  metacarpal 
bones,  where  each  divides  into  two  branches 
(aa.  digitales  dorsales),  for  the  adjacent  sides 
of  the  third  and  fourth  and  the  fourth  and 
fifth  fingers  respectively. 

Each  dorsal  interosseous  artery  is  con- 
nected with  the  deep  palmar  arch  by  a 
superior  perforating  branch  which  passes 
through  the  upper  part  of  the  corresponding 
interosseous  space,  and  with  a  digital  branch 
from  the  superficial  palmar  arch  by  an 
inferior  perforating  branch  which  passes 
through  the  lower  2)ai't  of  the  space. 

Relations  of  the  third  part. — 

Fig.  564.— Deep  Dissection  of  the  Front  of  the  The  third  part  of  the  radial  artery  passes 
Forearm  and  Hand,  sliowing  the  radial  and  ulnar  forwards  between  the  two  heads  of  the 
arteries  and  their  branches  and  the  deep  palmar  arch    n    .    i        ^  ■   ,  i     .  i 

J     1 ..  „„i,„„  first  dorsal  interosseous  muscle  to  reach 

and  its  branches.  i         i         i        •  ■  i  i 

the  palm,  where  it  turns  inwards  beneath 

the  upper  part  of  the  oblique  adductor  muscle  of  the  thumb,  and,  after  passing  through 
the  upper  fibres  of  the  transverse  adductor,  or  between  the  adjacent  borders  of  the  oblique 
and  transverse  adductors,  unites  with  the  deep  branch  of  the  ulnar  artery,  completing  the 
•deep  palmar  arch. 
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Branches  of  the  third  part. — (1)  The  princeps  pollicis  (a.  princeps  pollicis) 
branch  is  given  oft'  as  soon  as  the  radial  artery  enters  the  pahn.  It  runs  downwards 
in  front  of  the  first  metacarpal  bone,  between  the  oblique  adductor  and  the  opponens 
pollicis,  and  under  cover  of  the  long  flexor  tendon,  and  divides  near  the  lower  end  of  the 
bone  into  collateral  branches  which  run  along  the  sides  of  the  thumb  and  anastomose 
with  the  dorsales  pollicis  arteries. 

(2)  The  radialis  indicis  (a.  volaris  indicis  radialis)  is  a  branch  which  descends 
between  the  ulnar  head  of  the  first  dorsal  interosseous  muscle  and  the  transverse  adductor 
of  the  thumb,  and  runs  along  the  radial  side  of  the  index-finger  to  its  tip,  supplying  the 
adjacent  tissues ;  not  uncommonly  it  anastomoses  with  the  superficial  palmar  arch. 

The  Ulnar  Artery. 

The  ulnar  artery  (a.  ulnaris,  Figs.  563  and  564)  is  the  larger  terminal  branch,  but 
the  less  direct  continuation  of  the  brachial.  It  commences  in  the  ante-cubital  fossa, 
opposite  the  neck  of  the  radius,  and  terminates  in  the  palm  of  the  hand,  where  it 
anastomoses  v^ith  the  superficiaKs  volse  to  form  the  superficial  pahnar  arch. 

From  its  origin  it  runs  obliquely  downwards  and  inwards,  beneath  the  muscles 
arising  from  the  internal  condyle,  to  the  junction  of  the  upper  and  middle  thirds  of 
the  forearm,  where  it  comes  into  relation  with  the  ulnar  nerve ;  it  then  descends 
vertically,  on  the  radial  side  of  the  uhiar  nerve,  to  the  wrist,  crosses  in  front  of  the 
main  part  of  the  annular  ligament  to  the  radial  side  of  the  pisiform  bone,  and 
enters  the  palm  of  the  hand  to  form  the  main  part  of  the  superficial  palmar  arch. 

Relations. — Posterior. — It  rests,  from  above  downwards,  upon  the  lower  part  of  the 
brachialis  anticus,  the  flexor  profundus  digitoruni,  and  the  deep  portion  of  the  anterior 
annular  ligament.  Anterior. — In  fi'ont  it  is  crossed,  in  the  oblique  part  of  its  course,  by 
the  pronator  radii  teres,  the  median  nerve,  which  is  separated  from  the  artery  by  the  deep 
head  of  the  pronator,  the  flexor  sublimis  digitorum,  the  flexor  carpi  radialis,  and  the 
palmaris  longus.  In  the  middle  third  of  the  foi-eai-m  it  is  overlapped  by  the  anterior 
border  of  the  flexor  carpi  ulnaris,  and  in  the  lower  third  it  is  covered  by  skin  and  fascia 
.only.  A  short  distance  above  the  wrist  the  palmar  cutaneous  branch  of  the  median  nerve 
lies  in  front  of  it,  and  as  it  crosses  the  anterior  annular  ligament,  it  is  bound  down  by  a 
fascial  expansion  from  the  tendon  of  the  flexor  carpi  ulnaris.  Two  venae  comites,  which 
frequently  communicate  with  one  another,  lie  one  on  either  side  of  the  artery.  Lateral. — 
On  the  radial  side  there  is  also,  in  its  lower  two-thirds,  the  flexor  sublimis  digitorum.  On 
its  idnar  side  there  is  the  flexor  carpi  ulnaris,  from  which,  however,  it  is  partially  separated 
in  its  lower  two-thirds  by  the  ulnar  nerve. 

Branches.  —  (1)  The  anterior  ulnar  recurrent  is  a  small  branch  which  arises 
in  the  ante -cubital  fossa,  frequently  in  common  with  the  posterior  ulnar  recurrent. 
It  passes  upwards  to  the  front  of  the  internal  condyle,  inider  cover  of  the  pronator 
radii  teres,  and  anastomoses  with  branches  of  the  anastomotic  and  inferior  profunda 
arteries. 

(2)  The  posterior  ulnar  recurrent  branch,  larger  than  the  anterior,  arises  in  the 
ante-cubital  fossa,  from  the  outer  side  of  the  ulnar  artery,  and  ascends  on  the  brachialis 
anticus,  and  under  cover  of  the  muscles  which  rise  from  the  internal  condyle  to  the  back 
of  that  prominence,  where  it  passes  between  the  humeral  and  olecranoid  heads  of  the  flexor 
carpi  ulnaris,  and  anastomoses  with  the  inferior  profunda  and  anastomotic  arteries.  It 
gives  branches  to  the  adjacent  muscles  and  to  the  elbow-joint. 

(3)  The  common  interosseous  artery  (a.  interossea  communis),  a  short  trunk 
which  springs  from  the  inner  and  back  part  of  the  ulnar  artery  in  the  lower  part  of  the 
ante-cubital  fossa.  It  passes  backwards  towards  the  Tipper  border  of  the  interosseous 
membrane,  and  divides  into  anterior  and  posterior  interosseous  branches. 

(3a)  The  anterior  interosseous  artery  (a.  interossea  volaris)  descends  in  front  of  the 
interosseous  membrane,  between  the  adjacent  borders  of  the  flexor  longus  pollicis  and  the 
flexor  profundus  digitorum,  to  the  upper  border  of  the  pronator  quadratus,  where  it  pierces 
the  interosseous  membrane,  and  continues  its  descent,  first  on  the  posterior  surface  of  the 
membrane,  under  cover  of  the  extensor  longus  pollicis  and  extensor  indicis,  and  then  on 
the  radius,  in  the  groove  for  the  extensor  communis  digitorum,  to  the  back  of  the  carpus, 
where  it  terminates  in  the  posterior  carpal  arch.  Whilst  in  front  of  the  interosseous 
memV;rane  it  is  accompanied  by  the  anterior  interosseous  nerve,  and  afterwards  by  the 
posterior  interosseous  nerve. 
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Branches.— I (()  Nutrient  to  the  radius  and  ulna;  {!>)  Muscular  to  the  adjacent  muscles; 

(c)  Tlic  anterior  communiciting,  a  slender  branch  which  descends  behind  the  pronator  quadratus 
and  in  front  of  tlie  interosseous  membrane  to  anastomose  with  the  anterior  carpal  arch  ; 

(d)  Siiiall  anastomotic  branches  are  given  off  at  the  back  of  the  forearm  to  anastomose  with  the 

posterior  or  interosseous  artery  ; 
(e)  The  comes  nervi  mediant  (a. 
mediana)  is  a  long  slender  branch 
which  rises  from  the  upper  part  of 
the  artery  and  descends  in  the  front 
of  the  median  nerve  to  the  palm, 
where  it  anastomoses  with  recurrent 
branches  of  the  superficial  palmar 
arcli. 


Aiicoiieus 


Supinator  brevis 

Posterior  inter- 
osseous recurrent 
artery 

Posterior  inter- 
osseous artery 

Flexor  carpi 
ulnaris 


Extensor  carpi 
ulnaris 


Anterior  inter- 
osseous artery 

Posterior  inter- 
osseous artery- 


Posterior  carpal 
arch 


Superior  per- 
forating artery 

Dorsal  inter- 
osseous arteries 


Supinator  longus 


Extensor  carpi 
lailialis  longior 


Extensor  carpi 
ulnaris 

Extensor  communis 
(ligitoruni 


Extensor  carpi 
radialis  brevior 
Posterior 

interosseous  nerve 


Pronator  radii  teres 


Extensor  ossis 
metacarpi  pollicis 


(36)  The  posterior  inter- 
osseous trunk  (a.  interossea 
dorsalis)  is  usually  smaller  than 
the  anterior  interosseous.  It 
passes  backwards  between  the 
upper  border  of  the  interosseous 
membrane  and  the  oblique  liga- 
ment, and  then  between  the 
supinator  brevis  and  the  extensor 
ossis  metacarpi  pollicis,  after 
which  it  descends  between  the 
superficial  and  deep  muscles  on 
the  back  of  the  forearm  to  the 
wrist,  where  it  anastoniioses  with 
the  anterior  interosseous  artery 
and  with  the  posterior  carpal 
arch.  As  it  crosses  the  extensor 
ossis  metacarpi  pollicis  it  is 
accompanied  by  the  posterior 
interosseous  nerve,  but  in  the 
remainder  of  its  course  it  is 
separated  from  the  nerve  by  the 
dec  J)  muscles. 

Branches.  —  («)  A  posterior 
interosseous  recurrent  (a.  intero.ssea 
recuri'eus)  branch  is  given  off  as 
soon  as  tlie  posterior  interosseous 
artery  has  passed  beneath  the  lower 
border  of  the  supinator  brevis.  It 
ascends  on  tlie  jiosterior  surface  of 
the  supiitator  brevis,  under  cover 
of  the'auconeus,  to  the  back  of  the 
external  condyle  of  the  humerus, 
where  it  anastomoses  with  the 
2)osterior  terminal  branch  of  the 
stiperior  profunda  and  with  liranches 
of  the  anastomotic  artery.  (6) 
Muscular  branches  to  l)oth  super- 
ficial and  deep  muscles  on  the  back 
of  the  forearm.  (c)  Cutaneous 
branches  to  the  skin  on  the  back 
of  the  forearm  and  the  liack  of  the 
wrist. 

(d)  The  anterior  ulnar  carpal 

(ramus  carpeus  volaris),  a  small 
branch  given  off  above  the 
anterior  annular  ligament,  passes 
outwards  lieneath  the  flexor 
tendons  and  their  sheaths  on  the  anterior  surface  of  the  carpal  ligaments,  and  anastomoses 
with  the  anterior  carpal  branch  of  the  radial  to  form  the  anterior  carpal  arch. 

(fi)  The  posterior  ulnar  carpal  branch  (ramus  carpeus  dorsalis)  arises  from  the 
back  of  tlie  inner  side  of  the  ulnar  artery  just  above  the  pisiform  bone.  It  passes 
backwards  beneath  the  flexor  and  extensor  carpi  ulnaris  muscles  to  the  back  of  the 


Extensor  longus 
pollicis 

Extensor  brevis 
pollicis 


Extensor  indicis 


Radial  arteiy 


Dor.salis  pollicis 
arteries 


Dorsalis  indicis 


Fic.  5t)5. — The  Posterior  Interosseous  Artery  .\nd  the 
Second  Part  of  the  Radial  Artery,  with  their  Branches. 
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carpus,  wlieve  it  unites  with  the  posterior  carpal  branch  of  the  radial  to  form  the  posterior 
carpal  arch. 

(/')  Profunda  (ramus  volaris  profundus).  —  This  branch  descends  between  the 
abductor  and  flexor  brevis  minimi  digiti,  and,  turning  outwards  beneath  the  fle.Kor  brevis, 
the  opponens  minimi  digiti,  and  the  flexor  tendons  and  their  sheaths,  joins  the 
termination  of  the  radial  artery  to  complete  the  deep  palmar  arch. 

The  Arterial  Arches  of  the  Wrist  and  Hand. 

Anterior  Carpal  Arch  (Fig.  564).  —  The  anterior  carpal  arch  hes  on  the 
front  of  the  carpus  l)ehiiid  the  Bexor  tendons  and.  their  synovial  sheaths.  It  is 
formed  by  the  union  of  the  anterior  carpal  branches  of  the  radial  and  ulnar 
arteries,  and  it  receives  the  communicating  branch  from  the  anterior  interosseous 
artery  above  and  recurrent  branches  from  the  deep  palmar  arch  below.  The 
branches  of  distriliution  which  pass  from  it  are  distril)uted  to  the  ligaments  and 
synovial  membranes  of  the  wrist  and  of  the  intercarpal  and  carpo-metacarpal 
joints. 

Posterior  or  Dorsal  Carpal  Arch  (Fig.  565). — This  arch  lies  on  the  posterior 
carpal  ligaments  under  cover  of  the  extensor  tendons  and  their  sheaths.  It  is 
formed  1  )y  the  union  of  the  dorsal  carpal  branches  of  the  radial  and  ulnar  arteries, 
and  receives  the  terminations  of  the  anterior  and  posterior  interosseous  arteries. 

Branches. — («)  Articular  to  the  adjacent  articulations,    (b)  Dorsal  interosseous, 

two  slender  branches  which  run  downwards  on  the  third  and  fourth  dorsal  interosseous 
muscles  to  the  clefts  of  the  fingers,  where  each  divides  into  collateral  branches.  They 
communicate  near  their  origins  with  the  deep  palmar  arch  by  the  superior  perforating 
arteries,  and  near  their  terminations  with  the  palmar  digital  vessels  through  the  inferior 
perforating  arteries.  Their  collateral  terminal  branches  run  downwards  on  the  dorso- 
lateral aspects  of  the  fingers  which  bound  the  third  and  fourth  interosseous  spaces,  and 
they  anastomose  with  the  collateral  digital  branches  of  the  palmar  digital  arteries. 

Superficial  Palmar  Arch  (arcus  volaris  superficialis,  Fig.  563). — This  arterial 
arch  includes  the  terminal  portion  of  the  ulnar  artery,  and  is  usually  completed 
externally  by  the.  superficialis  vo1;b,  or  sometimes  by  the  radialis  indicis,  or  the 
princeps  poUicis.  It  extends  from  the  ball  of  the  little  finger  to  the  inner  border 
of  the  superficial  head  of  the  flexor  brevis  pollicis,  and'  reaches  as  low  down  as  a 
line  drawn  across  the  palm  at  the  level  of  the  lower  border  of  the  fully  alxlucted 
thuml).  It  is  covered  by  the  integuments  and  the  central  portion  of  the  palmar 
fascia,  and,  on  the  ulnar  side  of  the  palm,  l;)y  the  palmaris  brevis,  and  it  is 
accompanied  by  venae  comites.  It  is  in  contact  behind  with  the  flexor  brevis  and 
opponens  minimi  digiti,  and  with  the  digital  branches  of  the  ulnar  and  median 
nerves,  as  well  as  with  the  flexor  tendons  and  the  lumbrical  muscles. 

Branches. — Four  digital  arteries  (aa.  digifales  volares  communes)  arise  from  the 
convexity  of  the  ai'ch.  The  innermost  descends  along  the  ulnar  border  of  the  little  finger, 
accompanied  by  the  internal  digital  branch  of  the  ulnar  nerve  ;  the  outer  three  pass  down- 
wards superficial  to  the  digital  nerves,  along  the  middle  of  the  three  inner  interosseous 
spaces  towards  the  interdigital  clefts,  just  above  which  each  digital  artery  divides  into 
two  collateral  digital  arteries  (aa.  digitales  volares  proprite),  which  supply  the 
contiguous  sides  of  the  fingers  bounding  the  cleft.  As  the  collateral  digital  branches 
descend  along  the  sides  of  the  fingers  they  lie  superficial  to  the  corresponding  digital 
nerves,  and  supply  branches  to  the  joints,  to  the  flexor  tendons  with  their  sheaths,  and  to 
the  skin  and  subcutaneous  tissues  on  the  palmar  surface ;  they  also  send  backwards  dorsal 
branches  which  anastomose  with  the  dorsal  digital  arteries  and  supply  the  tissues  on  the 
dorsal  aspects  of  the  second  and  terminal  phalanges.  Some  of  the  backwardly-directed 
branches  form  a  plexus  in  the  matrix  of  the  nail.  In  the  pulp  of  the  fingei'-tips  anasto- 
mosing twigs  join  to  form  arclies  from  which  numerous  branches  are  given  off  to  the  skin 
and  subcutaneous  fat. 

Each  of  the  outer  three  digital  arteries  is  joined  immediately  above  its  division  by  a 
palmar  interosseous  branch  from  the  deep  palmar  arch  and  an  inferior  communicating 
artery  from  the  dorsal  interosseous.  The  innermost  digital  artery  is  joined  by  a  brancii 
which  comes  either  from  the  inner  palmar  intei'osseous  artery  or  from  the  deep  palmar 
arch. 
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Deep  Palmar  Arch  (arcus  volaris  profundus,  Fig.  564). — The  deep  palmar 
arch  extends  from  the  base  of  the  metacarpal  bone  of  the  little  finger  to  the  upper 
end  of  the  first  interosseous  space,  and  is  formed  by  the  terminal  part  of  the  radial 
artery,  anastomosing  with  the  deep  branch  of  the  ulnar.  It  is  from  half  to  three 
quarters  of  an  inch  (12  to  18  mm.)  above  the  level  of  the  superficial  palmar  arch,  and 
it  lies  deeply  in  the  palm,  in  contact  with  the  bases  of  the  metacarpal  bones  and 
ligaments  and  on  the  origin  of  the  interossei  muscles  ;  it  is  under  cover  of  the  flexor 
tendons  and  their  synovial  sheaths. 

Branches. — (a)  The  superior  perforating  (rami  perforantes) ;  three  small  arteries 
which  pass  backwards  through  the  inner  three  interosseous  spaces,  and  between  the  origins 
of  the  dorsal  interossei  muscles.  They  anastomose  on  the  dorsum  of  the  hand  with  the 
dorsal  interosseous  arteries. 

(b)  Small  irregular  recurrent  branches  pass  upwards  and  unite  with  the  anterior 
carpal  arch. 

(c)  The  articular  to  the  adjacent  articulations. 

(d)  The  palmar  interosseous  arteries  (aa.  metacarpese  volares)  are  three  vessels  which 
pass  downwards  on  the  interosseous  muscles  of  the  three  inner  spaces  and  under  cover  of 
the  flexor  tendons.  They  terminate  by  anastomosing  with  the  palmar  digital  arteries  just 
before  the  latter  vessels  divide  into  collateral  branches. 

(e)  The  communicating,  a  small  irregular  branch  which  passes  inwards  between  the 
flexor  tendons  and  the  short  muscles  of  the  little  finger  to  anastomose  with  the  innermost 
palmar  digital  artery. 

BRANCHES  OF  THE  DESCENDING  THORACIC  AORTA. 

The  branches  given  off  from  the  thoracic  portion  of  the  descending  aorta  are 
distributed  chiefly  to  the  walls  of  the  thorax  and  to  tlie  thoracic  viscera.  They 
contribute  also  to  the  supply  of  the  spinal  cord  and  its  membranes,  and  to  that 
of  the  vertebral  column  and  of  the  upper  part  of  the  abdominal  wall.  The 
branches,  which  are  numerous  and  for  the  most  part  arranged  in  pairs,  are  as 
follows : — 

/'Intercostal.  ABronchiab 

T,    •  .  1  I  Subcostal.  „.        ,  Oesophageal. 

Parietal.-;  y^.    ,  ..  Visceral.  <      ■  , 

j  Diaphragmatic.  |  pericardial. 

\_The  vas  aberrans.  \^  Mediastinal. 


Parietal  Branches  of  the  Descending  Thoracic  Aorta. 

1.  Intercostal  Arteries  (a.  intercostales).  —  There  are  nine  pairs  of  aortic 
intercostal  arteries.  They  usually  arise  separately,  though  not  uncommonly  a 
pair  may  take  origin  by  a  common  trunk  from  the  back  of  the  aorta,  and  are 
distributed  to  the  lower  nine  intercostal  spaces,  to  the  spinal  column,  to  the 
contents  of  the  spinal  canal,  and  to  the  muscles  and  skin  of  the  back.  The 
third,  fourth,  and  fifth  on  each  side  also  give  branches  to  the  mammary  gland. 
The  arteries  of  opposite  sides  closely  correspond,  but,  since  the  aorta  in  the 
thoracic  region  lies  on  the  left  side  of  the  spinal  column,  the  right  intercostal 
arteries  cross  the  front  of  the  vertebral  column,  behind  the  oesophagus,  the  thoracic 
duct,  and  the  vena  azygos  major,  and  are  longer  than  the  left  arteries.  In  other 
respects  the  course  of  all  the  aortic  intercostal  arteries  is  almost  identical.  They 
run  outwards  and  backwards  on  the  sides  of  the  bodies  of  the  vertebra;  to  the  inter- 
costal spaces,  passing  behind  the  pleura,  and  being  crossed,  opposite  the  heads  of 
the  ribs,  by  the  sympathetic  cord.  The  lower  arteries  are  also  crossed  by  the 
splanchnic  nerves,  and  those  on  the  left  side  are  in  addition  crossed  by  the  smaller 
azygos  veins.  On  reaching  an  intercostal  space  each  artery  runs  upwards,  some- 
times behind,  sometimes  in  front  of  the  corresponding  intercostal  nerve,  to  the 
upper  border  of  the  space,  along  which  it  is  continued  in  the  subcostal  groove.  It 
Kes  at  first  between  the  pleura  and  the  posterior  intercostal  membrane,  immediately 
below  the  intercostal  nerve ;  it  then  pierces  the  intercostal  membrane,  and  runs 
between  it  and  the  external  intercostal  muscle  as  far  as  the  angle  of  the  rib, 
beyond  which  it  is  continued  forward  between  the  internal  and  external  intercostal 
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muscles.  lu  the  subcostal  groove  the  artery  lies  between  the  corresponding  vein 
above  and  the  intercostal  nerve  below,  and  it  terminates  in  front  by  anastomosing 
with  an  anterior  intercostal  branch  of  the  internal  mammary  or  of  the  musculo- 
phrenic artery.  The  lower  two  intercostal  arteries  on  each  side  extend  beyond 
their  spaces  to  the  abdominal  wall,  and  anastomose  with  branches  of  the  superior 
epigastric,  subcostal,  and  lumbar  arteries. 

Branches. — (a)  Dorsal  (ramus  postei-ior). — As  each  artery  enters  its  intercostal 
space  it  gives  off  a  posterior  or  dorsal  branch  which  passes  backwards  accompanied  by 
tlae  posterior  primary  division  of  a  spinal  nerve,  internal  to  the  superior  costo-transverse 
bgamenfc,  between  the  necks  of  the  ribs  which  bound  the  space,  and  between  the 
adjacent  transverse  processes,  to  the  vertebral  groove,  where  it  divides  into  internal  and 
external  terminal  branches.  The  internal  branch  (ramus  cutaneus  medialis)  passes  back- 
wards and  inwards  either  over  or  through  the  multifidus  spinje,  giving  branches  to  the 
muscles  between  which  it  passes  and  to  the  vertebral  column.  The  external  branch  (ramus 
cutaneus  lateraUs)  runs  outwards  beneath  the  longissimus  dorsi  to  the  interval  between  it 
and  the  musculus  accessorius.  It  terminates  in  the  skin  of  the  back,  after  giving 
branches  to  the  adjacent  muscles.  A  spinal  branch  (ramus  spinalis)  from  each  dorsal 
artery  passes  thimigh  the  corresponding  intervertebral  foramen,  and  enters  the  spinal 
canal,  to  the  contents  and  walls  of  which  it  is  distributed.  It  divides  into  three  branches 
— neural,  post-central,  and  pre-laminar.  The  neural  branch  runs  inwards  on  the  roots  of 
the  spinal  nerve,  pierces  the  dura  mater  and  arachnoid,  and  divides  into  branches  some 
of  which  pass  to  the  membranes  of  the  cord,  whilst  others  are  continued  on  to  reinforce 
the  dorsal  and  ventral  spinal  arteries.  The  post-central  branch  divides  into  ascending 
and  descending  branches  which,  anastomosing  with  similar  branches  above  and  below, 
form  a  sei'ies  of  vertical  arches  on  the  back  of  the  bodies  of  the  vertebr£e.  The  arches  of 
ojjposite  sides  are  connected  by  short  transverse  anastomoses.  The  pn-e-laminar  branch  is 
small,  and  its  ascending  and  descending  branches  are  distributed  in  a  similar  though  less 
regular  manner  on  the  posterior  wall  of  the  spinal  canal. 

(b)  A  collateral  branch  springs  from  the  trunk  of  each  intercostal  artery  near  the 
angle  of  the  rib.  It  descends  to  the  lower  border  of  the  intercostal  space,  along  which  it 
runs  forwards  to  anastomose  in  front,  like  the  intercostal  artery  itself,  with  a  separate 
anterior  intercostal  branch  of  the  internal  mammary  or  musculo-phrenic  artery.  The 
collateral  branches  of  the  lower  two  intercostal  arteries  on  each  side  are  inconstant ; 
when  present  they  are  small,  and  terminate  in  the  abdominal  wall. 

(c)  Muscular  branches  (rami  musculares)  to  the  adjacent  muscles  are  given  off  both 
by  the  main  trunk  and  its  collateral  branch. 

{d)  A  lateral  cutaneous  (ramus  cutaneus  lateralis)  offset  from  the  intercostal  artery 
accompanies  the  lateral  cutaneous  branch  of  the  intercostal  nerve.' 

In  addition  to  the  above-named  branches  the  first  aortic  intercostal  on  each  side 
anastomoses  with  the  supei-ior  intercostal,  and  may  supply  the  whole  or  the  greater  part  of 
the  second  intercostal  space,  and  the  first  right  aortic  intercostal  frequently  gives  origin  to 
the  right  bronchial  artery.  The  upper  three  or  four  aortic  intercostals  on  each  side  give 
branches  to  the  mammary  gland  which  anastomose  with  branches  of  the  long  thoracic  and 
internal  mammary  arteries.  Longitudinal  anastomoses  between  adjacent  intercostal  arteries 
and  their  dorsal  branches  sometimes  exist  near  the  necks  of  the  ribs,  or  near  the  transverse 
processes.    These  longitudinal  anastomoses  are  of  considerable  morphological  interest. 

2.  The  subcostal  arteries  are  the  last  pair  of  parietal  branches  given  off  from 
the  thoracic  aorta.  They  are  in  series  with  and  very  similar  to  the  aortic  intercostal 
arteries,  but  are  situated  below  the  last  ribs.  Each  runs  along  the  lower  border  of 
the  twelfth  rib  in  company  with  the  last  dorsal  nerve.  It  passes  beneath  the  liga- 
mentum  arcuatum  externum  to  the  abdomen,  and  there  crosses  in  front  of  the  quad- 
ratus  lumborum,  and  behind  the  kidney  and  the  adjacent  part  of  the  colon.  It 
next  pierces  the  aponeurosis  of  origin  of  the  transversalis  abdominis,  and  runs 
between  the  transversalis  and  the  internal  oblique  muscles,  anastomosing  with  the 
lower  intercostals,  with  the  lumbar  arteries,  and  with  branches  of  the  superior 
epigastric  artery. 

3.  Diaphragmatic  branches  (aa.  phrenicae  superiores)  are  given  off  from  the 
lower  part  of  the  thoracic  aorta.  They  are  small  vessels  which  ramify  on  the 
upper  surface  of  the  diaphragm,  and  anastomose  with  branches  of  the  superior 
phrenic  and  musculo-phrenic  arteries. 

4.  The  vas  aberrans  is  a  variable  and  inconstant  branch  of  the  thoracic  aorta ; 
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it  represents  the  dorsal  roots  of  the  fourth  and  fifth  right  aortic  arches  of  the 
embryo.  When  present  it  arises  from  tlie  front  and  right  side  of  the  upper  part  of 
the  main  trunk  near  tlie  upper  bronchial  artery,  and  passes  upwards  and  to  the 
right  behind  the  cesophagus ;  it  frequently  anastomoses  with  the  right  superior 
intercostal  artery,  and  it  may  be  enlarged  and  form  the  first  part  of  the  right 
subclavian  artery. 

Visceral  Branches  of  the  Descending  Thoracic  Aorta. 

1.  The  bronchial  branches  (aa.  bronchiales)  of  the  thoracic  aortfc  are  usually  two 
in  number — an  upper  and  a  Lnver — and  both  pass  to  the  left  lung.  The  v/p'pe.r  left 
hronchial  artery  arises  from  the  front  of  tlie  main  trunk  opposite  the  bifurcation 
of  the  trachea ;  the  inferior  left  hronchial  artery  usually  takes  origin  near  the 
lower  border  of  the  left  bronchus.  Both  vessels  are  directed  downwards  and  out- 
wards to  the  back  of  the  bronchus,  which  they  accompany,  and,  dividing  similarly, 
they  follow  its  ramifications  in  the  lung.  They  not  only  supply  the  walls  of  the 
bronchial  tubes  and  the  sul)Stance  of  the  lungs,  but  also  give  branches  to  the 
bronchial  glands,  the  pulmonary  vessels,  the  pericardium,  and  the  oesophagus. 

As  a  rule  there  is  only  one  rigid  hronchial  artery,  and  it  arises  from  the  firvSt 
right  aortic  intercostal  artery ;  but  it  not  uncommonly  arises  from  the  upper  left 
bronchial  artery,  and  more  rarely  it  springs  directly  from  the  aorta.  In  its  course 
and  distribution  it  corresponds  to  the  bronchial  arteries  of  the  left  side. 

2.  The  oesophageal  branches  (aa.  oesophage;Te)  are  variable  ;  usually  four  or  five 
small  branches  spring  from  the  front  of  the  aorta  and  pass  forwards  to  the 
cesophagus,  in  the  walls  of  which  they  ramify,  anastomosing  above  with  branches 
of  the  left  bronchial  and  inferior  thyroid  arteries,  and  l)elow  with  oesophageal 
branches  of  the  coronary  and  phrenic  arteries. 

3.  The  pericardial  branches  (rami  pei'icardiaci)  consist  of  three  or  four  small 
irregular  vessels  which  are  distributed  on  the  surface  of  the  pericardium. 

4.  Small  mediastinal  branches  (rami  mediastinales)  pass  to  the  areolar  tissue 
and  glands  in  tlie  posterior  mediastinal  space,  and  to  the  posterior  part  of  the 
diaphragm. 

l^KANCHES  OF  THE  ABDOMINAL  AOR'J'A. 

The  brandies  of  the  abdominal  portion  of  the  aorta  are  distributed  almost 
entirely  to  the  walls  and  contents  of  the  abdominal  cavity,  Init  some  also  supply 
small  branches  to  tlie  vertebral  column,  and  to  the  contents  of  the  spinal  canal,  and 
others  are  prolonged  into  the  pelvis.  They  are  divisible  into  parietal  and  visceral 
groups,  botli  of  wliieh  include  paired  and  single  (unpaired)  vessels. 
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Parietal  Branches  of  the  Abdominal  Aorta. 

1.  The  inferior  phrenic  arteries  (aa.  phrenicie  inferiores.  Fig.  566)  are  two 
in  number,  and  are  of  small  size ;  they  arise,  either  separately  or  by  a  common 
trunk,  from  the  aorta  immediately  below  the  diaphragm,  on  the  under  surface 
of  which  they  are  distributed.  Diverging  from  one  another,  each  artery  runs 
upwards  and  outwards  on  the  corresponding  crus  of  the  diaphragm — that  on  the 
right  side  passing  behind  the  inferior  vena  cava,  that  on  the  left  behind  the  oeso- 
phagus— and  just  before  reaching  the  central  tendon  of  the  diaphragm  it  divides 
into  iwterual  and  external  terminal  branches.  The  internal  branch  of  each  artery 
runs  forward  and  anastomoses  with  its  fellow  of  the  opposite  side,  forming  an  arch, 
convex  forwards,  along  the  front  of  the  central  tendon  of  the  diaphragm.  Offsets 
from  this  arch  anastomose  with  the  superior  phrenic,  inusculo-phrenic,  and  internal 
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mammary  arteries.  Tlie  external  branch  passes  outwards  towards  the  lower  ribs 
and  anastomoses  with  the  musculo-phrenic  and  lower  intercostal  arteries. 

In  addition  to  supplying  the  diaphragm  each  inferior  phrenic  artery  frequently 
gives  a  superior  capsular  branch  to  the  suprarenal  l^ody  of  its  own  side,  and  occasion- 
ally small  ]\epatic  branches  pass  through  the  coronary  ligament  to  the  liver. 
Further,  the  left  artery  gives  branches  to  the  resophagus  which  anastomose  with 
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Fic.  566. — The  Abdominal  Aouta  and  its  Bhanches. 


oesophageal  brandies  of  the  aorta  and  of  the  coronary  artery,  whilst  from  the  artery 
of  the  right  side  minute  branches  pass  to  the  inferior  vena  cava. 

2.  The  lumbar  arteries  (aa.  lumbales)  correspond  to  the  intercostal  branches  of 
the  thoracic  aorta.  They  are  in  series  with  them,  their  distribution  is  very  similar, 
and,  like  the  intercostals,  they  arise,  either  separately  or  by  common  trunks,  from 
the  back  of  the  aorta. 

Tliere  are  usually  four  pairs  oi'  lumbar  arteries,  but  occasionally  a  fifth  pair 
arises  from  the  middle  sacral  artery. 

From  their  origins  the  lumbar  arteries  pass  backwards  and  outwards  on  the 
front  and  sides  of  the  bodies  of  the  upper  four  lumliar  vertelirfe  to  the  interval 
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between  the  adjacent  transverse  processes,  beyond  which  they  are  continued  in  the 
abdominal  wall. 

They  lie  on  tlie  bodies  of  the  corresponding  lumbar  vertebrae.  In  their  back- 
ward course,  and  while  still  in  relation  with  the  vertebral  bodies,  each  artery  is 
crossed  by  the  sympathetic  cord,  and  then,  passing  under  and  being  protected  by 
the  fibrous  arches  from  which  the  muscle  arises,  it  runs  behind  the  psoas  muscle 
and  the  lumbar  plexus.  The  upper  two  arteries  on  each  side  also  pass  behind  the 
crura  of  the  diaphragm.  Beyond  the  interval  between  the  transverse  processes  of 
the  vertebrae  each  artery  turns  outwards  and  crosses  the  quadratus  lumborum — the 
last  usually  passing  in  front,  and  the  others  behind  the  muscle ;  it  then  pierces  the 
aponeurosis  of  origin  of  the  transversalis,  and  proceeds  forwards  in  the  lateral 
abdominal  wall  in  the  interval  between  the  transversalis  and  internal  obhque 
muscles.  The  lumbar  arteries  anastomose  with  one  another,  with  the  lower  inter- 
costal and  subcostal  arteries,  and  with  liranches  of  the  superior  and  deep  epigastric 
and  of  the  deep  circumflex  iliac  and  iho-lumbar  arteries. 

Fine  twigs  also  pass  from  the  lumbar  arteries  to  the  extra-peritoneal  fat,  and 
anastomose  with  corresponding  branches  from  the  inferior  phrenic  and  ilio-lumbar 
arteries,  and  with  small  branches  from  the  hepatic,  renal,  and  colic  arteries,  to  form 
the  subperitoneal  plexus  of  Turner. 

The  al:)dominal  aorta  lies  somewhat  to  the  left  of  the  middle  line,  and  con- 
sequently the  right  lumbar  arteries  are  a  little  longer  than  the  left,  but  the  differ- 
ences between  the  arteries  of  opposite  sides  are  limited  to  the  first  parts  of  the  main 
trunks.  On  the  right  side  the  arteries,  which  near  their  origins  lie  more  in  front 
of  the  vertebral  bodies,  pass  behind  the  inferior  vena  cava,  the  upper  two  arteries 
being  separated  from  this  vessel  by  the  right  cms  of  the  diaphragm.  The  upper 
two  right  arteries  also  pass  behind  the  receptaculum  chyli  and  the  lower  end  of  the 
large  azygos  vein. 

Branches. — Dorsal  (ramus  dorsalis). — Each  himbar  artery  gives  off,  opposite  the 
interval  between  tlie  vertebral  transverse  processes,  a  dorsal  branch  of  considerable  size. 
It  is  analogous  with  and  distributed  like  the  corresponding  branch  of  an  aortic  intercostal 
artery  (p.  793).  Muscular  branches  are  given  off,  both  from  the  main  trunk  and  its  dorsal 
branch,  to  the  adjacent  muscles. 

3.  The  middle  sacral  artery  (a.  sacralis  media.  Fig.  566)  is  a  single  median 
vessel.  It  is  commonly  regarded  as  a  caudal  aorta  and  as  the  direct  continuation 
of  the  abdominal  aorta.  It  is,  however,  of  small  size,  and  almost  invariably  arises 
from  the  back  of  the  aorta  about  half-an-inch  above  its  bifurcation.  It  descends 
in  front  of  the  two  lower  lumbar  vertebra  and  of  the  sacrum  and  coccyx,  and  ends 
opposite  the  tip  of  the  last-named  bone  by  anastomosing  with  the  lateral  sacral  arteries 
to  form  a  loop  from  which  branches  pass  to  the  coccygeal  body.  In  its  course  it 
passes  at  first  behind  the  lower  part  of  the  abdominal  aorta.  Opposite  the  fifth 
lumbar  vertebra  it  is  crossed  by  the  left  common  iliac  vein,  below  which  it  is 
covered  by  peritoneum  and  coils  of  small  intestine  as  far  as  the  third  sacral  seg- 
ment, and  in  the  rest  of  its  extent  by  the  rectum.  It  is  accompanied  below  by 
venae  coniites,  which,  however,  unite  above  to  form  a  single  middle  sacral  vein. 

Small  parietal  branches  pass  transversely  outwards  on  each  side  to  the  last 
lumbar  vertebra  and  to  the  sacrum.  They  anastomose  with  the  lateral  sacral 
arteries,  and  they  usually  give  off  small  spinal  offsets  which  enter  the  anterior 
sacral  foramina.  Small  and  irregular  visceral  branches  pass  to  the  rectum  and 
anastomose  with  the  superior  and  middle  hfemorrhoidal  arteries. 

COMMON  ILIAC  ARTERIES. 

4.  The  common  iliac  arteries  (aa.  iliacse  communes.  Figs.  566  and  572)  are 
the  terminal  branches  of  the  abdominal  aorta.  They  are  formed  by  the  bifurcation 
of  the  main  trunk,  and  commence  opposite  the  middle  of  the  body  of  the  fourth 
lumbar  vertebra  a  httle  to  the  left  of  the  middle  Hue.  Each  artery  passes  down- 
wards and  outwards  across  the  bodies  of  the  fourth  and  fifth  lumbar  vertebrae 
and  the  intervening  intervertebral  disc,  and  terminates  in  front  of  the  correspond- 
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ing  lumbo-sacral  articulation  by  becoming  the  internal  iliac  artery ;  at  the  same 
time  it  gives  off  the  external  iliac  artery  to  the  lower  extremity. 

The  direction  of  each  common  iliac  is  well  indicated  by  a  line  drawn  from  the 
bifurcation  of  the  aorta  to  a  point  midway  between  the  symphysis  pubes  and  the 
anterior  superior  spine  of  the  ihum. 

The  angle  included  between  the  two  diverging  trunks  is  about  60°  in  the  male 
and  about  68°  in  the  female. 

The  right  artery  is,  for  obvious  reasons,  a  httle  longer  than  the  left ;  the  former 
is  about  two  inches,  and  the  latter  one  and  three-quarter  inches  in  length. 

Relations. — Anterior. — Both  arteries  are  covered  by  peritoneum,  and  are  separated 
by  it  from  coils  of  the  small  intestine.  Communicating  branches  between  the  aortic  and 
hypogastric  plexuses  of  tlie  sympathetic  pass  in  front  of  the  arteries,  each  of  which  is  also 
crossed  near  its  termination  by  the  corresponding  ureter. 

The  left  artery  is  in  addition  crossed  in  front  by  the  superior  hfemorrhoidal  vessels. 

Posterior. — Behind  the  artery  of  each  side  are  the  bodies  of  the  fourth  and  fifth  lumbar 
vertebrte,  with  the  intervertebral  disc  above  and  below  the  latter,  the  psoas  muscle,  and 
the  sympathetic  cord.  These  relationships,  however,  are  much  closer  on  the  left  side  than 
on  the  right.  Tlie  right  common  iliac,  except  at  its  lower  end,  where  it  is  in  contact  with 
the  psoas,  is  separated  from  the  structures  named  by  the  terminations  of  the  right  and 
left  common  iliac  veins  and  the  commencement  of  the  inferior  vena  cava.  The  left 
■  common  iliac,  which  is  not  so  separated,  lies  on  the  inner  border  of  the  psoas.  Somewhat 
deeply  placed  in  the  areolar  tissue  between  the  psoas  and  the  lumbar  vertebra,  the 
obturator  nerve,  the  lumbo-sacral  cord,  and  the  ilio-lunibar  artery  form  posterior  relations 
to  the  artery  on  both  sides. 

Lateral. —  On  both  sides  of  each  arteiy  ai'e  coils  of  small  intestine.  The  commence- 
ment of  the  inferior  vena  cava  lies  to  the  outer  side  of  the  upper  part  of  the  right  artery, 
and  on  the  inner  side  of  this  vessel  are  the  right  common  iliac  vein  below  and  the  left 
common  iliac  vein  above.    The  last-named  vein  lies  on  the  inner  side  of  the  left  artery. 

The  Paired  Visceral  Branches  of  the  Abdominal  Aorta. 

1.  Suprarenal  or  Capsular  Arteries  (aa.  suprarenales,  Fig.  566). — There  are 
three  sets  of  suprarenal  arteries — the  superior,  middle,  and  inferior.  Of  these  the 
middle  only  arise  from  the  aorta  direct ;  the  superior  spring  from  the  inferior 
phrenic,  and  the  inferior  from  the  renal  arteries. 

The  middle  suprarenal  arteries  are  two  small  branches  which  arise,  behind  the 
pancreas,  from  the  sides  of  the  aorta,  close  to  the  origin  of  the  superior  mesenteric 
artery.  They  run,  one  on  each  side,  outwards  and  upwards  upon  the  crura  of  the 
diaphragm,  and  just  above  the  renal  arteries,  to  the  suprarenal  bodies  to  which  they 
are  distributed,  and  they  anastomose  with  the  superior  and  inferior  suprarenal 
arteries. 

2.  Renal  Arteries  (aa.  renales.  Fig.  566). — -The  renal  arteries  arise,  one  on 
each  side,  from  the  aorta,  about  half-an-inch  below  the  origin  of  the  superior 
mesenteric  artery  and  opposite  the  first  lumbar  vertebra. 

Both  arteries  are  of  large  size,  and  the  right,  which  is  a  httle  longer  than  the 
left,  is  frequently  shghtly  lower  in  position.  Each  artery  runs  almost  transversely 
outwards  to  the  hilus  of  the  corresponding  kidney.  It  passes  in  front  of  the  crus 
of  the  diaphragm  and  of  the  upper  part  of  the  psoas  muscle.  The  left  artery  lies 
behind  the  pancreas ;  the  right  vessel  passes  behind  the  inferior  vena  cava,  the 
head  of  the  pancreas,  and  the  second  part  of  the  duodenum.  The  renal  vein 
usually  hes  below  and  in  front  of  the  artery,  but  near  the  kidney  the  vein  not  un- 
frequently  occupies  a  posterior  position. 

On  reaching  the  hilus  of  the  kidney  each  artery  divides  into  three  branches, 
two  of  which  pass  in  front  of  the  pelvis  of  the  ureter,  and  between  it  and  the  renal 
vein,  and  the  third  behind  the  pelvis.  In  the  renal  sinus  these  primary  branches 
break  up  into  numerous  secondary  branches  which  enter  the  kidney  substance 
between  the  pyramids. 

Branches. — The  following  branches  are  given  off  by  each  renal  artery,  in  addition  to  the 
terminal  brandies : — 
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(a)  Inferior  suprarenal  (a.  yui)rar«ialis  iufei  ioi),  pas.sc-s  upwards  to  tlu-  lower  part  of 
the  suprare'iial  body. 

{h)  Ureteral. — Small  brandies  to  the  upper  part  of  the  ureter,  which  anastomose  with  branches 
of  the  spermatic  or  oA'arian  arteries. 

(c)  Peri-renal. — Small  branches  to  the  fatty  capsule  of  the  kidney,  which  anastomose  with  the 
lumbar  arteries. 

{d)  Glandular  offsets,  either  from  the  main  trunk  or  from  some  of  its  branches,  pass  to  the 
renal  and  lumbar  glands. 

.'>«.  Spermatic  Arteries  (aa.  spenuaticie  internee). — The  .spermatic  arteries  in 
the  male,  and  tlie  corresponding  ovarian  arteries  (aa.  ovaricie)  in  the  female,  are  two 
long  slender  vessels,  one  on  the  right  side  and  one  on  the  left,  which  arise  from  the 
front  of  the  al)dominal  aorta,  a  short  distance  below  the  origins  of  the  renal  arteries. 

Each  spermatic  artery  runs  downwards  and  outwards  to  the  internal  aljdominal 
ring ;  it  then  traverses  the  inguinal  canal,  and  consequently  takes  a  downward  and 
inward  course.  On  emerging  from  the  canal,  through  the  external  al)dominal  ring, 
it  enters  the  scrotum,  in  which  it  descends,  almost  vertically,  but  in  a  tortuous 
manner,  to  end  immediately  above  the  testicle  by  dividing  into  testicular  and 
epididymal  branches. 

Relations. — In  tlie  abdominal  cavity  the  arteries  lie  behind  the  peritoneum,  to 
wliicli  tliey  are  closely  attached,  and  in  front  of  the  psoas  muscles.  The  right  artery  is 
also  in  front  of  the  inferior  vena  cava.  Each  artery  descends  in  front  of  the  ureter,  the 
genito-crural  nerve,  and  the  lower  end  of  the  external  iliac  artery  of  its  own  side,  and  is 
acconii)auie(l  by  two  spermatic  veins  which  unite  above  into  a  single  trunk.  The  anterior 
relations  differ  on  the  two  sides.  The  right  artery  lies  behind,  and  is  crossed,  by  the  ileo- 
eolic,  the  right  colic,  and  the  terminal  branches  of  the  sujaerior  mesenteric  artery,  and  by 
the  third  part  of  the  duodenum,  the  termination  of  the  ileum,  and  the  vermiform  appendi.x. 
The  left  artery  is  crossed  in  front  by  the  left  colic  and  sigmoid  branches  of  the  inferior 
mesenteric  artery  and  by  the  iliac  cf)lon. 

At  tlic  internal  abdominal  ring  the  spermatic  artery  comes  into  relation,  at  its  inner 
side,  with  the  vas  deferens.  The  two  structures  run  together  round  tiic  outer  and  anterior 
aspects  of  the  deep  epigastric  artery  to  the  inguinal  canal. 

In  the  inguinal  canal  the  spermatic  artery,  along  with  the  other  constituents  of  the 
spermatic  cord,  is  enclosed  in  tlie  infundibular  and  cremasteric  fasciae,  the  intercolumnar 
fascia  being  added  at  the  external  abdominal  ring.  In  this  part  of  its  course  the  artery 
lies  in  front  of  the  vas  deferens,  and  behind  the  anterior  part  of  the  pampiniform  plexus 
and  the  spermatic  veins  which  arise  from  it. 

Branches. — («)  Ureteral  branches,  small  in  size,  are  distril)uted  to  the  middle  part  of  the 
ureter,  anastomosing  above  with  branches  from  the  renal  and  below  with  branches  from  the 
vesical  arteries.' 

(6)  Cremasteric  branches,  given  off  in  the  inguinal  canal  and  u])per  jjart  of  the  scrotum, 
supply  tlie  creniaster  muscle,  and  anastomose  with  the  cremasteric  branch  of  the  deep  epigastric. 

((■)  Terminal  Branches. — (i.)  The  tj-u/ic/t  runsdovvnwards  to  theepididyinis,  w-hich 

it  supplies.  It  also  gi\'es  twigs  to  the  vas  al>errans,  the  coni  ^'asculosi,  and  the  tunica  vaginalis, 
and  anastomoses  with  the  artery  of  the  vas  deferens,  (ii.)  The  tedicular  branch  descends  on  the 
upper  and  back  f)art  of  the  testicle,  and  breaks  up  into  numerous  peripheral  and  central  branches. 
The  peripheral  branches  ])ass  through  the  tunica  albuginea  and  ramify  on  its  inner  surface  ;  they 
anastomose  with  one  another  and  with  the  central  branches.  The  central  branches  pass  through 
the  mediastinum  testis  and  along  the  surfaces  of  the  septa. 

'ob.  The  ovarian  arteries  (aa.  ovaricje.  Fig.  5GG)  in  the  female  closely  corre- 
spond to  the  spermatic  arteries  in  the  male.  They  are,  however,  much  shorter, 
and,  instead  of  passing  through  the  al)dominal  wall,  descend  into  the  pelvis,  where 
they  run  between  the  layers  of  the  1)road  ligament  to  terminate  between  the  ovaries 
and  the  uterus  l)y  anastomosing  with  the  uterine  arteries. 

Relations. — In  the  upper  part  of  their  course  the  relations  of  the  ovarian  arteries  are 
like  those  of  the  spermatic  arteries,  but  about  the  level  of  the  anterior  superior  spine  of 
the  ilium  each  ovarian  arteiy  turns  inwards,  and,  crossing  the  upper  part  of  the  external 
iliac  vessels  (artery  and  vein),  descends  in  the  anterior  border  of  the  fossa  ovarii,  on  the 
lateral  wall  of  the  pelvis,  to  the  broad  ligament,  where  it  is  placed  below  the  Fallopian 
tube. 

Branches. — («)  Ureteral,  to  the  middle  part  of  the  ureter. 

(b)  Tubal,  to  the  Fallopian  tube,  which  anastomose  with  branches  of  the  uterine. 
{(■)  Ligamentous,  to  the  round  ligament,  as  far  as  the  inguinal  canal. 
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(d)  Ovarian  branches,  imiuerous,  pass  to  the  hilus  of  the  ovary,  and  thence  to  the  substance 
of  the  organ. 

"  (e)  A  uterine  branch  is  formed  by  the  continuation  of  the  trunk  to  its  anastomoses  with  the 
uterine  branch  of  the  internal  iliac. 

The  Unpaired  or  Single  Visceral  Branches  of  the  Abdominal  Aorta 

1.  The  cceliac  artery  or  cceliac  axis  (a.  coeliaca,  Figs.  566  and  567)  arises  from  the 
front  of  the  abdominal  aorta,  immediately  Ijelow  the  aortic  oritice  of  the  diaphragm 
and  between  its  crura.  It  is  a  short  but  wide  vessel  which  runs  almost  horizontall}' 
forwards  for  a  distance  of  about  half-an-inch  and  then  terminates  by  dividing  into 
three  large  branches — the  coronary  or  gastric,  the  hepatic,  and  the  splenic. 

Relations. — The  short  trunk  extends  from  the  aorta  behind  the  lesser  sac  of 
peritoneum,  by  which  it  is  separated  from  the  stomach,  or  from  the  small  omeutum, 
in  front.  It  runs  below  the  right  lobe  of  the  liver,  and  above  the  upper  border  of  the 
pancreas  and  the  splenic  vein,  and  it  is  surrounded  by  the  solar  and  cceliac  plexuses  of  the 


Pyloric  artery 

Fic.  567. — The  Cceliac  Axis  and  its  Branches. 

sympathetic;  the  right  semilunar  ganglion  and  Spigelian  lobe  of  the  liver  are  on  its  right 
side,  and  the  left  semilunar  ganglion  and  cardiac  end  of  the  stomach  are  on  its  left  side 

Branches. — (a)  The  coronary  or  gastric  artery  (a.  gastrica  sinistra)  is  the 
smallest  branch  of  the  coeliac  axis.  It  runs  obliquely  upwards  and  to  the  left, 
and  reaches  the  smaller  curvature  of  the  stomach  close  to  the  oesophagus.  It  then 
turns  sharply  forwards,  downwards,  and  to  the  right,  and  runs  towards  the  pyloric 
end  of  the  stomach  to  anastomose  with  the  pyloric  branch  of  the  hepatic  artery. 
In  the  first  part  of  its  course  the  artery  lies  behind  the  lesser  sac  of  the  peritoneum  ; 
it  then  passes  into  the  right  pancreatico-gastric  fold,  and  is  continued  Ijetween  the 
layers  of  the  small  omentum. 

Branches. — (i.)  (Esophageal  (rami  cesopliagei). — When  the  artery  reaches  the  stomach  a  large 
oesophageal  branch  is  given  off,  wliich  passes  iijjwards  on  tlie  cesophagus,  and  gives  offsets  to  it 
which  anastomose  with  oesophageal  branches  of  the  tlioracic  aorta  and  with  branches  of  the 
inferior  phrenic,  (ii.)  Gastric  branches  are  distriljuted  to  both  surfaces  of  the  stomach.  They 
anastomose  with  branches  of  the  vasa  brevia  of  tlie  splenic,  and  with  branches  of  the  gastro- 
epiploic arterial  arch  on  the  greater  curvature  of  the  stomach. 

(b)  The  splenic  artery  (a.  henalis,  Fig.  567)  is  the  largest  branch  of  the 
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coeliac  axis.  It  runs  a  more  or  less  tortuous  course  behind  the  stomach  and  the 
lesser  sac  of  the  peritoneum,  and  along  the  upper  border  of  the  pancreas.  It  lies  in 
front  of  the  left  suprarenal  capsule  and  the  upper  end  of  the  left  kidney,  and 
passes  forwards  between  the  two  layers  of  the  lieno-renal  ligament,  where  it  divides 
into  from  five  to  eight  terminal  Ijranches  (rami  lienales),  which  enter  the  hilus  of  the 
spleen  and  supply  the  splenic  substance.  It  is  accompanied  by  the  splenic  vein, 
which  lies  Ijelow  it. 

Branches. — (i.)  Pancreatic  (rami  pancrcatici). — Numerous  small  branches  (pancreatica 
parvse)  are  given  off  to  the  pancreas.  One  large  branch  (pancreatica  magna),  occasionally 
present,  enters  the  upper  border  of  the  pancreas,  about  the  junction  of  its  middle  and 
left  thirds,  and  runs  from  left  to  right  in  the  substance  of  the  pancreas,  a  little  above  and 
behind  tlie  jjancreatic  duct.  Both  the  small  and  large  arteries  supply  the  substance  of 
the  pancreas,  and  anastomose  witli  one  another  and  with  branches  of  the  pancreatico- 
duodenal arteries. 

(ii.)  The  vasa  brevia  (aa.  gastricje  breves),  or  short  gastric  branches,  four  or  five  in 
number,  are  given  oft'  either  from  the  end  of  the  main  vessel  or,  more  commonly,  from 
some  of  its  terminal  branches.  They  pass  between  the  layers  of  the  gastro-splenic 
omentum  to  the  left  end  of  great  curvature  of  the  stomach,  and  anastomose  with  the 
oesophageal,  the  gastric,  and  the  left  gastro-epiploic  arteries. 

(iii.)  The  left  gastro-epiploic  branch  (a.  gastro-epiploica  sinistra)  arises  from  the 
front  of  the  splenic,  close  to  its  termination,  and  passes  forwards  between  the  layers  of  the 
gastro-splenic  omentum  to  the  left  end  of  the  great  curvature  of  the  stomach,  along  which 
it  is  continued,  from  left  to  right,  between  the  layers  of  the  gastro-colic  or  great  omentum. 
It  ends  by  anastomosing  with  the  right  gastro-epiploic  artery,  and  it  gives  off  numerous 
gastric  branches  to  both  surfaces  of  the  stomach,  which  anastomose  with  the  vasa  brevia 
and  with  branches  of  the  coronary  and  pyloric  arteries.  Long  slender  omental  branches 
pass  to  the  omentum  and  anastomose  with  branches  of  the  colic  arteries. 

(c)  The  hepatic  artery  (a.  hepatica,  Fig.  567)  runs  along  the  upper  border  of 
the  head  of  the  pancreas  to  the  right  pancreatico-gastric  fold  of  peritoneum,  in 
which  it  turns  forwards  to  the  upper  border  of  the  first  part  of  the  duodenum.  It 
then  passes  upwards,  between  the  layers  of  the  small  omentum,  in  front  of  the 
portal  vein  and  to  the  left  of  the  common  bile  duct,  and  reaches  the  transverse 
fissure  of  the  liver,  where  it  divides  into  right  and  left  branches. 

Branches.  —  (i.)  The  pyloric  artery  (a.  gastrica  dextra)  is  a  small  branch  which 
arises  opposite  the  upper  border  of  the  first  part  of  the  duodenum.  It  descends  to 
the  pylorus,  running  between  the  layers  of  the  small  omentum,  and  then  turns  to  the  left 
along  the  smaller  curvature  of  the  stomach.  It  gives  branches  to  both  surfaces  of  the 
stomach,  and  terminates  by  anastomosing  with  the  coronary  artery. 

(ii.)  The  gastro-duodenal  artery  (a.  gastro-duodenalis). — This  branch  of  the  hepatic 
arises  just  above  the  upper  border,  descends  behind,  and  terminates  opposite  the  lower 
liorder  of  the  first  jiart  of  the  duodenum.  In  its  course  it  lies  between  the  neck  of 
the  pancreas  and  the  first  part  of  the  duodenum,  and  it  is  in  front  of  the  portal  vein.  The 
common  bile  duct  is  on  its  right  side.  The  vessel  ends  by  dividing  into  the  right  gastro- 
epiploic and  the  superior  pancreatico-duodenal  arteries.  The  right  gastro-epiploic  artery 
(a.  gastro-epiploica  dextra)  is  the  larger  of  the  two  terminal  branches  of  the  gastro- 
duodenal  ;  it  passes  from  right  to  left  along  the  greater  curvature  of  the  stomach,  between 
the  layers  of  the  gastro-colic  omentum,  and  unites  with  the  left  gastro-epiploic  branch 
of  the  splenic  artery.  From  the  arterial  arch  so  formed  branches  pass  upwards  on  both 
surfaces  of  the  stomach,  and  anastomose  with  branches  of  the  pyloric  and  coronary  arteries. 
Other  branches  pass  downwards  to  the  omentum,  and  anastomose  with  branches  of  the 
colic  arteries.  The  superior  pancreatico-duodenal  artery  (a.  pancreatico-duodenalis 
superior)  runs  a  short  course  to  the  riglit,  between  the  duodenum  and  the  head  of  the 
pancreas,  and  divides  into  anterior  and  posterior  terminal  branches  which  descend,  the 
former  in  front  of  and  the  latter  behind  the  head  of  the  pancreas,  to  anastomose  with 
similar  branches  of  the  inferior  jmncreatico-duodenal  artery.  They  supply  the  head 
of  the  pancreas,  anastomosing  in  it  with  the  pancreatic  branches  of  the  splenic  artery  ; 
branches  are  also  given  to  the  second  part  of  the  duodeimm  and  to  the  common  bile  duct. 

(iii.)  Terminal  branches. — The  right  hepatic  artery  (ramus  dexter)  passes  either  in 
front  of  or  behind  the  hepatic  duct  and  behind  the  cystic  duct,  to  the  right  end  of  the 
transverse  fissure  of  the  liver,  where  it  divides  into  two  or  more  branches  which  enter  the 
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substance  of  the  liver  and  accompany  tlie  branches  of  the  portal  vein  and  the  hepatic 
duct.  As  it  crosses  just  above  the  junction  of  the  hepatic  and  cystic  ducts,  the  right 
hepatic  artery  gives  off  a  cystic  branch.  The  cystic  artery  (a.  cystica)  runs  downwards 
and  forwards  along  the  cystic  duct  to  the  gall-bladder,  where  it  divides  into  upjjer  and 
lower  branches ;  the  upper  passes  downwards  between  the  gall-bladder  and  the  under 
surface  of  the  liver,  to  both  of  which  it  gives  offsets;  the  lower  branch  is  distributed  on 
the  under  surface  of  the  gall-bladder,  between  it  and  the  peritoneum.  The  left  hepatic 
artery  (ramus  sinister)  is  longer  and  narrower  than  the  right.  It  runs  to  the  left  end 
of  the  transverse  fissure,  gives  one  or  two  branches  to  the  Spigelian  lobe,  crosses  the 


Fig.  568. — The  Suterior  Mesenteric  Artery  and  its  Branches. 

longitudinal  fissure,  and  breaks  up  into  branches  which  terminate  in  the  substance  of  the 
left  lobe  of  the  liver. 

2.  The  superior  mesenteric  artery  (a.  mesenterica  superior,  Figs.  566,  568, 
and  591)  springs  from  the  front  of  the  aorta,  about  half-an-inch  below  the  origin 
of  the  cceliac  axis  and  opposite  the  first  lumbar  vertebra. 

It  passes  obliquely  downwards  and  forwards,  crossing  in  front  of  the  left  renal 
vein,  the  lower  part  of  the  head  of  the  pancreas,  and  the  third  part  of  the  duo- 
denum; opposite  the  latter  it  enters  the  root  of  the  mesentery,  in  which  it 
continues  to  descend,  curving  obliquely  from  above  downwards  and  to  the  right,  to 
51 
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the  right  ihac  fossa,  and  crossing  in  this  part  of  its  course  obliquely  iu  front  of  the 
aorta,  the  lower  part  of  the  inferior  vena  cava,  the  right  ureter,  and  the  right  psoas 
muscle.  At  its  origin  it  lies  behind  the  body  of  the  pancreas  and  the  splenic  vein ; 
where  it  passes  in  front  of  the  duodenum  it  is  crossed  anteriorly  by  the  transverse 
colon,  and  in  the  lower  part  of  its  extent  it  is  concealed  l)y  coils  of  small  intestine. 

Branches. — It  gives  oft"  numerous  branches  which  supply  the  duodenum  and  the 
pancreas  iu  part,  the  whole  of  the  small  intestine  below  the  duodenum,  and  the  large 
intestine  nearly  as  far  as  the  splenic  flexure. 

The  branches  are  as  follows  : — 

(a)  Rami  intestini  tenuis  (aa.  intestinales),  or  branches  to  the  small  intestine, 
varying  from  ten  to  sixteen  in  number ;  they  spring  from  the  convexity  of  the  superior 
mesenteric  artery-,  and  pass  obliquely  forwards  and  downwards  between  the  layers  of  the 
mesentery,  each  dividing  into  two  branches  which  anastomose  with  adjacent  branches  to 
form  a  series  of  ai'cades  from  which  secondary  branches  are  given  off".  This  process  of 
division  and  union  is  repeated  three  or  four  times;  thus  four  or  five  tiers  of  arches  are 
formed,  from  the  most  distal  of  which  terminal  branches  are  given  off  to  the  walls  of  the 
jejunum  and  ileum.  Branches  from  the  successive  arcades  are  also  given  off  to  the 
mesenteric  glands.  The  terminal  branches  anastomose  together  in  the  walls  of  the  gut, 
forming  a  vascular  network  which  communicates  above  with  the  inferior  pancreatico- 
duodenal artery  and  below  with  the  terminal  branch  of  the  superior  mesenteric  trunk. 
The  vascular  loops  and  branches  are  accompanied  by  corresponding  veins,  Ij'mphatics,  and 
nerves. 

(6)  The  inferior  pancreatico-duodenal  artery  (a.  pancreatico-duodenalis  inferior).  It 
arises  either  from  the  trunk  of  the  superior  mesenteric,  at  the  upper  border  of  the  third  part 
of  the  duodenum,  or  from  the  first  of  the  rami  intestini.  It  runs  to  the  right,  between 
the  head  of  the  pancreas  and  the  third  part  of  the  duodenum,  and  terminates  by  dividing 
into  two  branches,  anterior  and  posterior,  which  ascend,  the  former  in  front  and  the  latter 
behind  the  head  of  the  pancreas ;  they  supply  tlie  head  of  the  pancreas,  the  third  jmrt  of 
the  duodenum,  and  they  anastomose  with  tlie  similar  branches  of  the  superior  pancreatico- 
duodenal artery. 

(c)  The  middle  colic  artery  (a.  colica  media)  is  a  large  branch  which  springs  from  the 
front  of  the  superior  mesenteric  as  it  enters  the  root  of  the  mesentery.  It  runs  down- 
wards and  forwards  iu  the  transverse  mesocolon,  and  terminates  by  dividing  into  two 
branches,  right  and  left,  which  anastomose  respectively'  with  the  right  and  left  colic 
arteries,  forming  arcades  from  which  secondary  and  tertiary  loops  are  derived,  the  terminal 
branches  being  distributed  to  the  walls  of  the  transverse  colon. 

(d)  The  right  colic  artery  (a.  colica  dextra)  springs  from  the  right  or  concave  side  of 
the  superior  mesenteric,  either  alone  or  in  the  form  of  a  common  trunk  which  divides 
into  right  and  ileo-colic  branches.  It  runs  to  the  right,  behind  the  peritoneum  on  the 
posterior  wall  of  the  abdomen,  and  in  front  of  the  right  psoas,  the  ureter,  and  the 
spermatic  or  ovarian  vessels,  tov.ards  the  ascending  colon,  near  which  it  divides  into  an 
ascending  and  a  descending  branch.  The  former  passes  upwards,  and  anastomoses  in  the 
transverse  mesocolon  with  the  middle  colic  artery.  The  latter  descends  to  anastomose 
with  the  upper  branch  of  the  ileo-colic,  and  from  the  loops  thus  formed  branches  are  dis- 
tributed to  the  walls  of  the  ascending  colon  and  the  beginning  of  the  transverse  colon. 

(c)  The  ileo  colic  artery  (a.  ileo-colica)  arises  by  a  common  trunk  with  the  right  colic, 
or  separately  from  the  right  side  of  the  superior  mesenteric,  and  jmsses  downwards  and 
outwards,  behind  the  peritoneum,  towards  the  lower  part  of  the  ascending  colon,  where 
it  terminates  by  dividing  into  an  ascending  branch  which  anastomoses  with  the  lower 
branch  of  the  right  colic,  and  a  descending  branch  which  communicates  with  the  ileo-ctecal 
terminal  branches  of  the  superior  mesenteric  trunk. 

(/)  Terminal. — The  lower  end  of  the  superior  mesenteric  artery  divides  into  five 
branches — (i.)  ileal,  (ii.)  appendicular,  (iii.)  anterior  ileo-caecal,  (iv.)  posterior  ileo-csecal, 
and  (v.)  colic. 

The  ileal  branch  (a.  ilea)  turns  upwards  and  to  the  k'ft  iu  the  lowest  part  of  the  niesenterj', 
and  anastomoses  with  the  rami  intestini.  The  appendicular  branch  (a.  appendicularis)  j^asses 
behind  the  terminal  portion  of  the  ileum,  and  through  the  nieso-appendix  to  the  vermiform  pro- 
cess, iipon  which  it  ends.  The  anterior  ileo-csecal  crosses  the  front  of  the  ileo-caical  junction  in 
a  fold  of  peritoneum  ;  the  posterior  ileo-csecal  crosses  the  ileo-ciecal  junction  posteriorly,  and  the 
colic  runs  upwards  to  the  ascending  colon.  The  ileo-csecal  hranches  supply  the  walls  of  the 
caecum,  and,  like  the  colic  branch,  anastomose  with  branches  of  the  ileo-colic  artery. 

3.  The  inferior  mesenteric  artery  (a.  mesenterica  inferior,  Fig.  566)  arises 
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from  the  front  and  towards  the  left  side  of  the  aorta  au  inch  and  a  half  above  the 
bifurcation ;  it  passes  downwards  and  slightly  outwards,  lying  behind  the  periton- 
eum and  on  the  front  of  the  left  psoas  muscle,  to  the  upper  and  outer  border  of 
the  left  common  iliac  artery,  where  it  becomes  the  superior  hsemorrhoidal. 

Branches. — (a)  The  left  colic  artery  (a.  coUca  sinistra)  arises  from  the  left  side  of 
the  inferior  mesenteric  near  its  origin.  It  runs  upwards  and  to  the  left  towards  the  splenic 
flexure  of  the  colon,  where  it  divides  into  ascending  and  descending  branches.  The 
ascending  branch  crosses  in  front  of  the  lower  end  of  the  left  kidney,  passes  between  the 
layers  of  the  transverse  mesocolon,  and,  turning  inwards,  terminates  by  joining  the  left 
branch  of  the  middle  colic  artery.  The  descending  branch  passes  downwards  behind  the 
peritoneum  to  the  iinier  side  of  the  descending  colon  to  unite  with  the  superior  sigmoid 
artery,  and  from  the  loops  thus  formed  branches  are  distributed  to  the  descending  colon. 

In  the  whole  of  its  course  the  left  colic  artery  lies  behind  the  peritoneimi,  and  on  the 
posterior  abdominal  wall ;  it  crosses  in  front  of  the  left  psoas,  the  left  ureter,  and  the 
lower  end  of  the  left  kidney. 

(b)  The  sigmoid  branches  (aa.  sigmoidese),  usually  two  in  number,  arise  from  the 
convexity  of  the  inferior  mesenteric,  and  pass  downwards  and  outwards  to  the  iliac 
colon.  They  lie  behind  the  peritoneum,  and  in  front  of  the  psoas,  the  ureter,  and  the 
upper  part  of  the  iliacus.  They  terminate  by  dividing  into  branches  which  anastomose 
with  the  left  colic  above  and  with  branches  of  the  superior  haemorrhoidal  below,  forming 
a  series  of  arches  from  which  branches  are  distributed  to  tlie  lower  part  of  the  descending 
colon,  the  iliac  colon,  and  the  pelvic  colon. 

(c)  The  superior  hsemorrhoidal  artery  (a.  htemorrhoidalis  superior)  is  the  direct 
continuation  of  the  inferior  mesenteric.  It  enters  the  mesentery  of  the  pelvic  colon, 
crosses  the  front  of  the  left  common  iliac  artery,  descends  into  the  pelvis  as  far  as  the 
third  piece  of  the  sacrum,  or  in  other  words  the  junction  between  the  pelvic  colon  and 
the  rectum,  and  divides  into  two  bi-anches  which  pass  downwards  on  the  sides  of  the 
rectum.  Half-way  down  the  rectum  each  of  the  two  terminal  branches  of  the  superior 
haimorrhoidal  artery  divides  into  two  or  more  branches  which  pass  through  the  muscular 
coats  and  terminate  in  the  submucous  tissue,  where  they  divide  into  numerous  small  branches 
which  pass  vertically  downwards,  anastomosing  with  each  other,  with  offsets  from  the  middle 
hsemorrhoidal  branches  of  the  internal  iliac  arteries,  the  inferior  hsemorrhoidal  branches 
of  the  internal  pudic  arteries,  and  with  branches  from  the  middle  sacral  artery. 

The  superior  hfemorrhoidal  artery  supplies  the  mucous  membrance  of  the  pelvic  colon 
and  the  rectum  and  the  muscular  coats  of  the  pelvic  colon. 

THE  INTERNAL  ILIAC  ARTERY. 

The  internal  iliac  or  hypogastric  artery  (a.  hypogastrica,  Figs.  566,  569,  and 
572)  in  the  foetus  is  the  direct  continuation  of  the  common  iliac  trunk.  It 
supplies  numerous  branches  to  the  pelvis,  runs  upwards  on  the  anterior  abdominal 
wall  to  the  umbilicus,  and  is  prolonged  as  the  umbiHcal  artery  to  the  placenta. 
One  of  its  pelvic  branches — the  sciatic — is  at  first  the  main  artery  of  the  inferior 
extremity,  but  subsequently  another  branch  is  given  off  which  becomes  the  chief 
arterial  trunk  of  the  lower  limb.  This  branch  is  the  external  iliac  artery ;  it  soon 
equals  and  ultimately  exceeds  the  internal  ihac  in  size,  and  it  is  into  these  two 
vessels  that  the  common  iliac  appears  to  bifurcate. 

"When  the  placental  circulation  ceases  and  the  umbilical  cord  is  severed,  the 
part  of  the  internal  iliac  trunk  which  extends  from  the  pelvis  to  the  umbilicus 
atrophies,  and  is  afterwards  represented  almost  entirely  by  a  fibrous  cord,  known 
as  the  obliterated  hypogastric  artery.  It  is  only  at  its  proximal  end  that  the 
atrophied  part  remains  pervious,  and  here  it  forms  the  commencement  of  the 
superior  vesical  artery ;  accordingly,  the  permanent  internal  iliac  artery  is  a  com- 
paratively short  vessel.  Owing  to  the  arrangement  of  some  of  its  branches  it 
appears  to  end  in  an  anterior  and  a  posterior  division,  the  former  of  which  is  to 
be  regarded  as  the  continuation  of  the  vessel  to  the  obliterated  hypogastric,  whilst 
the  latter  is  simply  a  common  stem  of  origin  for  some  of  the  branches. 

With  this  explanation  the  internal  iliac  artery  may  be  described  in  the 
usual  manner. 

It  arises  from  the  common  ihac  opposite  the  lumbo-sacral  articulation,  and 
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descends  into  the  pelvis,  to  terminate,  as  a  rule,  opposite  the  upper  border  of  the 
<freat  sciatic  notch,  in  two  divisions — anterior  and  posterior — from  each  of  which 
branches  of  distribution  are  given  off.  The  artery  measures  about  one  and  a  half 
inches  in  length,  and  is  the  inner  of  the  two  terminal  branches  of  the  common 
iliac  artery. 

Relations. — Anterior. — The  artery  on  each  side  is  covered  in  front  and  internally 
by  peritoneum,  under  which  the  corresponding  ureter  descends  along  the  anterior  border 
of  the  artery.  The  rectum  crosses  from  the  front  to  the  inner  side  of  the  left  artery, 
and  the  terminal  part  of  the  ileum  bears  the  same  relation  to  the  right  artery. 

Posterior  to  it  are  the  internal  iliac  vein  and  the  commencement  of  the  conniiou  ihac 
vein  ;  behind  these  is  the  lumbo-sacral  cord  and  the  sacrum. 

Lateral. — On  its  outer  side  the  external  iliac  vein  separates  it  from  the  psoas  muscle 


Lateral  sacral  artery 
External  iliac  arterv 


External  iliac  vein 
Psoas  muscle 
Hypogastric  artery 
Deep  circunjflex  iliac 
artery 
Superior  vesical  artery 
Obturator  vein 
Deep  epigastric  artery 
Rounil  ligament 
Obturator  nerve 
Obturator  artery 


Oursal  artery  of  clitoris 

Artery  to  corpus 
cavern  osum 


Sympathetic  cord 

J.ateral  sacral  artery 
Internal  iliac  vein 
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Sciatic  artei-y 

Internal  pudic 
artery 
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Fig.  569. — The  IntkiiNxVL  Iliac  Ahtery  and  its  Branches  in  the  Fem^vxe. 


1.  Great  .sacro-sciatic  lig.iuieut. 

2.  Uterine  artery 

3.  Vaginal  artery. 

4.  Inferior  lisemorrlioidal  nerve. 

5.  Inferior  hsemorrlioidal  artery. 


6.  Dorsal  nerve  of  clitoris. 

7.  Internal  jmdio  artery. 
S.  Perineal  nerve. 

9.  Superficial  perineal  artery. 

1 0.  Arterv  to  bulb. 


above,  whilst  liclow  this  is  the  obturator  nerve,  embedded  in  a  mass  of  fat  which  intervenes 
between  the  internal  iliac  artery  and  the  side  wall  of  the  pelvis.  On  its  inner  side  it  is 
crossed  by  some  of  the  tributaries  of  the  internal  iliac  vein,  and  is  covered  by  peritoneum. 

Branches. — The  internal  iliac  artery  supplies  the  greater  part  of  the  pelvic 
wall  and  viscera,  and  its  branches  are  also  distributed  to  the  buttock  and  thigh 
and  to  the  external  organs  of  generation. 

All  the  branches  may  be  given  off  separately  from  a  single  undivided  parent 
trunk,  but  as  a  rule  they  arise  in  two  groups  corresponding  to  the  two  divisions  in 
which  the  artery  under  these  circumstances  appears  to  end. 
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Posterior  division  |  parietal 


Anterior  division 


I  Ilio-lumbar 
-  Lateral  sacral 
[Gluteal 
/'Obturator 
parietal  -  Sciatic 

[internal  pudic 

{Superior  vesical 
(Obliterated  hypogastric) 
Middle  vesical 
Inferior  vesical 
Middle  hsemorrlioidal 

In  the  female  the  inferior  vesical  is  replaced  by  a  vaginal  branch.,  and  an 
additional  uterine  branch  is  given  offi 


Branches  of  the  Posterior  Division. 

The  posterior  terminal  division  gives  off  the  ilio-lumbar  and  lateral  sacral 
arteries,  and  is  continued  as  the  gluteal  artery.  No  visceral  branches  are  derived 
from  this  division. 

1.  Ilio-lumbar  Artery  (a.  ilio-lumbalis). — This  vessel  runs  upwards  and  outwards 
across  the  brim  of  tlie  pelvis  to  the  iliac  fossa.  It  passes  in  front  of  the  sacro-iliac 
articulation,  between  the  luml;)0-sacral  cord  and  the  obturator  nerve,  and  liehind 
either  the  lower  part  of  the  common  or  the  upper  part  of  the  external  iliac  vessels 
and  the  psoas  and  iliacus  muscles. 

In  the  iliac  fossa  it  anastomoses  with  branches  of  the  deep  circumflex  iliac  and 
obturator  arteries.  It  also  gives  offsets  to  the  iliacus,  and  supplies  a  large  nutrient 
branch  to  the  ilium.  A  lumbar  branch  (ramus  lumbalis)  ascends  beneath  the 
psoas  to  the  crest  of  the  ilium.  It  suppUes  the  psoas  and  quadratus  luiul)oriim, 
and  anastomoses  with  the  luml)ar  and  deep  circumflex  iliac  arteries ;  it  also  gives 
off  a  spinal  hranch  which  enters  the  intervertebral  foramen  between  the  fifth 
lumbar  vertebra  and  the  sacrum,  and  is  distrilxited  .like  the  spinal  branches  of  the 
lumbar  and  aortic  intercostal  arteries. 

2.  Lateral  Sacral  Arteries  (aa.  sacrales  laterales).; —  Tliere  is  sometimes 
only  a  single  lateral  sacral  artery  on  each  side ;  more  commonly  there  are  two, 
superior  and  inferior. 

Both  branches  run  downwards  and  inwards  on  the  front  of  the  sacrum.  The 
inferior  passes  in  front  of  the  pyriformis  and  the  sacral  nerves,  aiid  descends  on 
the  outer  side  of  the  sympathetic  cord  to  the  coccyx  where  it  terminates  by 
anastomosing  with  the  middle  sacral.  The  superior  branch  only  reaches  as  far  as 
the  first  or  the  second  anterior  sacral  tVjramen,  and  then  it  enters  the  sacral  canal. 
It  anastomoses  with  the  lower  branch  and  with  tlie  middle  sacral  artery.  Transverse 
branches  are  given  off'  by  the  lateral  sacral  arteries  to  the  pyriformis,  and  to  the 
sacral  nerves.  Spinal  offsets  are  also  given  off,  which  pass  through  the  anterior 
sacral  foramina  to  the  sacral  canal ;  they  supply  the  membranes  of  the  cord,  the  roots 
of  the  sacral  nerves,  and  the  filum  terminale,  and  anastomose  with  other  spinal 
arteries.  They  then  pass  backwards  through  the  posterior  sacral  foramina,  and 
anastomose  on  the  back  of  the  sacrum  with  l)ranches  of  the  gluteal  and  sciatic 
arteries. 

3.  Gluteal  Artery  (a.  glutsea  superior.  Figs.  569  and  575). — After  giving  off  the 
iho-lumbar  and  lateral  sacral  branches,  the  posterior  division  of  the  internal  iliac  is 
continued  as  the  gluteal  artery.  This  is  a  large  vessel  which  pierces  the  pelvic 
fascia,  passes  backwards  between  the  lumljo-sacral  cord  and  the  first  sacral  nerve, 
and  leaves  the  pelvis  through  the  upper  part  of  the  great  sciatic  foramen.  It  runs 
above  the  pyriformis  muscle  to  the  buttock,  immediately  on  reaching  which  it 
terminates,  between  the  adjacent  l)orders  of  the  pyriformis  and  gluteus  medius 
muscles  and  beneath  the  gluteus  maximus,  by  dividing  into  superficial  and  deep 
branches. 

(«)  The  superficial  branch  divides  at  once  into  numei-ous  branches,  some  of  which  supply 
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the  gluteus  maximus,  wliilst  others  pass  through  it,  near  its  origin,  to  the  overlying  skin. 
The  branches  freely  anastomose  with  branches  of  the  sciatic,  internal  pudic,  internal 
circumflex,  deep  circumflex  iliac,  and  lateral  sacral  artei'ies. 

(b)  The  deep  terminal  branch,  accompanied  by  the  superior  gluteal  nerve,  runs  forwards 
between  the  gluteus  medius  and  minimus,  and,  after  giving  a  nutrient  branch  to  the  ilium, 
immediately  subdivides  into  upper  and  lower  branches.  The  upper  branch,  running 
forwards  along  the  oi-igin  of  the  gluteus  minimus  from  the  middle  curved  line  of  the 
ilium,  passes  beyond  the  anterior  margins  of  the  gluteus  medius  and  minimus  to  anasto- 
mose, under  cover  of  the  tensor  fascia  femoris,  with  the  ascending  branch  of  the  external 
circumflex  artery.  It  also  anastomoses  witii  the  circumflex  iliac  arterj^,  and  it  supplies 
muscular  branches  to  the  adjacent  muscles.  The  lotver  branch  passes  more  directly 
forwards,  across  the  gluteus  minimus,  towards  the  trochanter  major,  along  with  the 
branch  of  the  superior  gluteal  nerve  which  supplies  the  tensor  fascite  femoris.  It  supplies 
the  glutei  muscles,  and  anastomoses  with  the  ascending  branch  of  the  external  circumflex 
artery. 

Before  leaving  the  pelvis  the  gluteal  artery  gives  muscular  branches  to  the  pelvic 
diaphragm  and  the  obturator  internus,  small  neural  branches  to  the  roots  of  the  sacral 
plexus,  and  nutrient  branches  to  the  hip-bone. 

Branches  of  the  Anterior  Division  of  the  Internal  Iliac  Artery. 

The  anterior  division  gives  off.  both  parietal  and  visceral  branches,  and  is 
continued  as  the  hypogastric  artery,  which  for  the  greater  part  of  its  extent  is 
obliterated.  The  parietal  branches  are  the  obturator,  the  pudic,  and  the  sciatic. 
The  visceral  branches  include  the  superior,  middle  and  inferior  vesical,  and  the 
middle  haemorrhoidal  arteries  in  the  male.  Similar  visceral  branches  are  also 
given  off  in  the  female,  but  the  inferior  vesical  is  replaced  by  the  vaginal  artery, 
and  an  additional  branch,  the  uterine  artery,  is  also  given  off. 

Visceral  Branches. 

1.  The  superior  vesical  artery  (a.  vesicalis  superior)  arises  from  the  anterior 
division  of  the  internal  iliac.  It  divides  into  numerous  branches  which  supply 
the  upper  part  of  the  bladder,  anastomosing  with  the  other  vesical  arteries,  and  it 
also  gives  small  branches  to  the  urachus,  and  often  to  the  lower  part  of  the 
ureter.  It  may  in  addition  give  off  the  middle  vesical  artery,  and  not  un- 
frequently  the  long  slender  artery  to  the  vas  deferens  arises  from  one  of  its 
branches. 

2.  Obliterated  Hypogastric  Artery. — Atrophy  of  that  portion  of  the  internal 
iliac  artery,  which  extends  from  the  side  of  the  bladder  to  the  umbilicus  (a.  umbili- 
calis),  has  already  been  referred  to.  It  is  complete  between  the  umbilicus  and 
the  true  origin  of  the  superior  vesical  artery,  but  between  this  origin  and  the 
apparent  ending  of  the  internal  iliac  in  its  two  divisions  the  atrophy  is  incomplete, 
and  the  lumen  of  the  vessel,  though  greatly  diminished  in  size,  remains,  and  is 
looked  upon  as  the  first  part  of  the  superior  vesical  artery.  Strictly  speaking,  the 
first  of  these  two  parts  only  constitutes  the  "  obliterated  hypogastric  "  (ligamentum 
umbilicale  laterale).  It  is  a  fibrous  cord  which  runs  forwards  and  iipwards 
towards  the  apex  of  the  bladder,  whence  it  ascends  on  the  posterior  surface  of 
the  anterior  alidominal  wall  and  on  the  outer  side  of  the  urachus  to  the  umbilicus. 
As  it  passes  along  the  wall  of  the  pelvis"  it  is  under  cover  of  the  peritoneum,  and  it 
is  crossed  by  the  vas  deferens  in  the  male,  and  by  the  round  ligament  in  the  female. 

3.  The  middle  vesical  artery  is  usually  given  ofl'  behind  the  superior  vesical. 
It  is  distributed  to  the  posterior  surface  of  the  bladder  as  low  down  as  the  base ; 
and  to  the  vesiculae  seminales. 

4.  The  inferior  vesical  artery  (a.  vesicalis  inferior)  is  a  very  constant  branch 
which  runs  inwards  upon  the  upper  surface  of  the  levator  ani  to  the  base  of  the 
bladder.  It  also  gives  branches  to  the  seminal  vesicles,  the  vas  deferens,  the  lower 
part  of  the  ureter  and  the  prostate,  and  it  anastomoses  with  its  fellow  of  the 
opposite  side,  with  the  other  vesical  arteries,  and  with  the  middle  hfemorrhoidal 
artery. 
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The  artery  to  the  vas  (a.  deferentialis),  which  not  unfrequently  arises  from  the 
superior  vesical,  is  a  long  slender  vessel  which  runs  downwards  to  the  vas  and 
vesicula  seminales,  and  is  then  continued  with  the  vas  deferens  to  the  testicle, 
where  it  anastomoses  with  the  spermatic  artery.  It  also  anastomoses  with  the 
cremasteric  branch  of  the  deep  epigastric  artery. 

5.  The  middle  hsemorrhoidal  artery  (a.  hiemorrhoidahs  media)  is  an  irregular 
branch  which  arises  either  directly  from  the  anterior  division  of  the  internal  iliac  or 
from  the  inferior  vesical  branch ;  more  rarely  it  springs  from  the  internal  pudic 
artery.  It  runs  inwards,  and  is  distributed  to  the  muscular  coats  of  the  rectum  ; 
it  also  gives  branches  to  the  prostate,  the  seminal  vesicle,  and  the  vas  deferens,  and  it 
anastomoses  with  its  fellow  of  the  opposite  side,  with  the  inferior  vesical,  and  with 
the  superior  and  inferior  hajmorrhoidal  arteries. 

6.  The  vaginal  artery  (a.  vaginalis)  in  the  female  usually  corresponds  to 
the  inferior  vesical  in  the  male ;  in  which  case  it  arises  from  the  anterior  division 
of  the  internal  iliac,  either  independently  or  in  common  with  the  uterine  artery. 
Occasionally  both  inferior  vesical  and  uterine  vessels  are  present,  and  not  un- 
commonly the  vaginal  artery  is  represented  by  several  branches. 

The  vaginal  arteries  run  downwards  and  inwards  on  the  floor  of  the  pelvis 
to  the  sides  of  the  vagina,  and  divide  into  numerous  branches  which  ramify 
on  its  anterior  and  posterior  walls.  The  corresponding  branches  of  opposite 
sides  anastomose  and  form  anterior  and  posterior  longitudinal  vessels,  the  so-called 
azygos  arteries.  They  also  anastomose  above  with  the  cervical  branches  of  the 
uterine  artery,  and  below  with  the  perineal  branches  of  the  internal  pudic.  In 
addition  to  supplying  the  vagina,  small  branches  are  given  to  the  bulb  of  the 
vestibule,  to  the  base  of  the  bladder,  and  to  the  rectum. 

7.  The  uterine  artery  (a.  uterina)  arises  from  the  anterior  division 
of  the  internal  iliac,  either  separately  or  in  common  with  the  vaginal  or  middle 
haemorrhoidal  arteries.  It  runs  inwards  and  slightly  forwards,  upon  the  upper 
surface  of  the  levator  ani,  to  the  lower  border  of  the  broad  hgament,  between  the 
two  layers  of  which  it  passes  inwards,  and  arches  above  the  ureter  about  three 
quarters  of  an  inch  from  the  uterus.  It  passes  above  the  lateral  fornix  of  the 
vagina  to  the  side  of  the  neck  of  the  uterus,  and  is  then  directed  upwards,  until 
it  almost  reaches  the  fundus,  just  below  which,  however,  it  turns  outwards  beneath 
the  isthmus  of  the  Fallopian  tube  and  anastomoses  with  the  ovarian  artery. 
It  supplies  the  uterus,  the  upper  part  of  the  vagina,  the  inner  part  oi  the 
Fallopian  tube,  and  gives  branches  to  the  round  ligament  of  the  uterus.  It 
anastomoses  with  its  fellow  of  the  opposite  side,  and  with  the  vaginal,  the  ovarian, 
and  the  deep  epigastric  arteries. 

Parietal  Branches  of  the  Anterior  Division  of  the  Internal  Iliac. 

1.  The  obturator  artery  (a.  obturatoria,  Figs.  569  and  572)  runs  forwards  and 
downwards  along  the  lateral  wall  of  the  true  pelvis,  just  below  its  brim,  to  the 
obturator  foramen,  through  the  upper  part  of  which  it  passes.  It  terminates  im- 
mediately on  entering  the  thigh  by  dividing  into  internal  and  external  terminal 
branches  which  skirt  round  the  margin  of  the  obturator  foramen  beneath  the 
obturator  externus  muscle.  It  is  accompanied  in  the  whole  of  its  course  by  the 
obturator  nerve  and  vein,  the  former  being  above  it  and  the  latter  below. 

To  its  outer  side  is  the  pelvic  fascia,  which  intervenes  between  it  and  the  upper 
part  of  the  obturator  internus  muscle,  whilst  on  its  inner  side  it  is  covered  by 
peritoneum ;  between  the  peritoneum  and  the  artery  is  the  ureter.  When  the 
bladder  is  distended  it  also  comes  into  close  relation  with  the  anterior  part  of  the 
artery.  In  the  female  the  ovarian  vessels  and  the  broad  ligament  are  on  the  inner 
side  of  the  obturator  artery.. 

Branches. — All  the  branches  except  the  terminal  are  given  off  before  the  artery 
leaves  the  pelvis.  They  include  : — (a)  Muscular  branches  to  the  obturator  internus 
levator  ani  and  ilio-psoas  muscles,  (b)  A  nutrient  branch  to  the  ilium,  which  passes 
beneath  the  ilio-psoas  muscle,  supplies  the  bone,  and  anastomoses  with  the  ilio-lumbar 
artery,    (c)  A  vesical  branch,  or  branches,  pass  inwards  to  the  bladder  beneath  the 
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lateral  false  ligament.  (</)  A  pubic  branch  (ramus  pubicvis),  wliich  ascends  on  the  back 
of  the  pubes,  and  anastomoses  witli  its  fellow  of  the  opposite  side  and  with  the  pubic 
branch  of  the  deep  epigastric,  is  given  off  just  before  the  artery  leaves  the  pelvis.  In 
its  upward  co^n-se  it  may  pass  either  on  the  outer  or  inner  side  of  the  external  iliac  vein, 
Avhilst  not  unfrequently  it  runs  on  the  inner  side  of  the  crural  ring.  In  the  latter  case 
t  is  important  in  relation  to  femor,^l  hernia ;  and  this  importance  is  emphasised  when, 
as  sometimes  happens,  the  obturator  artery  arises  as  an  enlarged  pubic  branch  of  the 
deep  epigastric  artery  instead  of  from  the  internal  iliac,  (e)  Terminal. — The  internal 
terminal  branch  (ramus  anterior)  runs  forwards,  and  the  external  (ramus  posterior) 
backwards  round  the  margin  of  the  obturator  foramen.  They  lie  on  the  obturator 
membrane,  and  under  cover  of  the  obturator  externus.  They  anastomose  together  at 
the  lower  margin  of  the  foramen,  and  both  give  off  offsets  which  anastomose  with  the 
internal  circumflex  artery,  and  twigs  of  suppl}'  to  the  adjacent  muscles.  The  external 
branch  also  gives  an  acetabular  branch  t'o  the  hip-joint,  which  passes  upwards,  through 
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Fio.  570. — The  Pehineat.  Distribut.'on  of  the  Inteunai.  Pudic  Artkhy  in  the  Male. 

the  cotyloid  notch  on  the  inner  side  of  the  transverse  ligament,  to  supply  the  ligamentum 
teres  and  the  head  of  the  femur. 

2.  Internal  Pudic  Artery  (a,,  pudenda  interna,  Figs.  569  and  570). — The 
internal  pudic  artery  arises  from  the  anterior  division  of  tlie  internal  iliac  close  to 
the  origin  of  the  sciatic  artery,  whicli  slightly  exceeds  it  in  size.  It  runs  down- 
wards and  backwards  in  front  of  the  pyriformis  muscle  and  the  sacral  plexus,  from 
hotli  of  which  it  is  separated  by  the  pelvic  fascia,  and  on  the  outer  side  of  the 
rectum  to  the  lower  part  of  the  great  sciatic  foramen.  In  this  course  it  pierces 
the  pelvic  fascia,  passes  between  the  pyriformis  and  coccygens  muscles,  and  leaves 
the  pelvis  to  enter  the  buttock  in  company  with  the  corresponding  veins,  the 
sciatic  vessels  and  nerves,  tlie  pudic  nerve,  and  the  nerve  to  the  obturator  internus. 
In  the  buttock  it  lies,  under  cover  of  the  gluteus  maximus,  on  the  spine  of  the 
ischium,  between  the  pudic  nerve  and  the  nerve  to  the  obturator  internus,  the 
former  being  internal  to  it.  It  next  passes  through  the  small  sciatic  foramen 
and  enters  the  perineum,  in  the  anterior  part  of  which  it  terminates  by  dividing 
into  the  artery  of  the  corpus  cavernosum  and  the  dorsal  artery  of  the  penis. 


BEANCHES  OF  THE  INTERNAL  ILIAC  ARTERY. 
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lu  the  first  part  of  its  course  in  the  perineum  the  artery  lies  in  the  outer 
fascial  wall  of  the  ischio-rectal  fossa,  where  it  is  enclosed  in  the  space  known  as 
Alcock's  canal.  This,  which  is  situated  about  one  and  a  half  inches  above  the  lower 
margin  of  the  tuljerosity  of  the  ischium,  contains  also  the  pudic  veins  and  the 
terminal  parts  of  the  pudic  nerve,  viz.  the  dorsal  nerve  of  the  penis  which  lies 
al)0ve  the  artery,  and  the  perineal  division  which  lies  below  the  vessel.  From  the 
ischio-rectal  fossa  the  internal  pudic  is  continued  forwards  between  the  two  layers 
of  the  triangular  ligament  of  the  urethra,  and  close  to  the  ramus  of  the  pubis. 
About  half-an-inch  Ijelow  the  sub  -  pubic  ligament  it  turns  somewliat  al)ruptly 
forwards,  pierces  tlie  anterior  layer  of  the  triangular  ligament,  and  immediately 
divides  into  its  terminal  branches,  viz.  the  artery  of  the  corpus  cavernosum  and 
the  dorsal  artery  of  the  penis.  The  division  sometimes  takes  place  whilst  the 
artery  is  still  between  the  layers  of  the  triangular  ligament. 

Branches. — In  the  jjelvis  it  gives  small  branches  to  tlie  neighbouring  muscles  and  to 
tlie  roots  of  the  sacral  plexus. 

In  the  buttock.  —  (a)  Muscular  branches  are  given  to  the  adjacent  muscles. 
{!>)  Anastomotic  branches  unite  with  branches  of  the  gluteal  sciatic  and  internal 
circumflex  arteries. 

In  the  ischio-rectal  fossa. — (r)  The  inferior  hsemorrhoidal  artery  (a.  hajmorrhoidalis 
inferior)  pierces  the  inner  wall  of  Alcock's  canal,  and  runs  obliquely  forwards  and 
inwards.  It  soon  divides  into  two  or  three  main  branches,  which,  sometimes  arising 
separately,  pass  across  the  space  to  the  lower  pai't  of  the  rectum.  The  artery  anasto- 
moses in  the  walls  of  the  rectum  with  its  fellow  of  the  opposite  side,  and  with  the  middle 
and  superior  hemorrhoidal  arteries  ;  it  also  anastomoses  with  the  transverse  periiieal 
arteries,  and  it  supplies  cutaneous  twigs  to  the  region  of  the  anus,  and  others  which  turn 
round  the  lower  border  of  the  gluteus  maxinuis  to  supply  the  lower  part  of  the 
buttock. 

(d)  The  superficial  perineal  artery  (a.  perinei)  arises  in  the  anterior  part  of  the  ischio- 
rectal fossa,  pierces  the  base  of  the  triangular  ligament,  and  divides  into  long  slender 
branches  (aa.  scrotales  posteriores  in  the  male,  labiales  posteriores  in  the  female)  which 
are  continued  forwards  in  the  tu-ethral  triangle,  beneath  the  superficial  perineal  fascia, 
to  the  scrotum.  It  anastomoses  with  its  fellow  of  the  opposite  side,  with  the  transverse 
perineal  and  the  external  pudic  arteries,  and  it  supplies  the  muscles  and  subcutaneous 
structures  of  the  urethral  triangle. 

(e)  The  transverse  perineal  artery  is  a  small  branch  which  arises  either  from  the  internal 
pudic  or  from  its  superficial  perineal  branch.  It  runs  inwards  along  the  base  of  the 
triangular  ligament  to  the  central  point  of  the  perineum,  where  it  anastomoses  with  its 
fellow  of  the  opposite  side,  with  the  superficial  perineal  branch,  and  with  the  inferior 
luemorrhoidal  arteries.  It  supplies  the  sphincter  ani,  the  bulbo-cavernosus  or  sphincter 
vaginse,  and  the  anterior  fibres  of  the  levator  ani. 

In  the  urethral  triangle. — (/)  The  artery  to  the  bulb  (a.  bulbi  urethrje),  a  l)ranch 
which  is  usually  of  relatively  large  size,  is  given  oft'  between  the  layers  of  the  triangular 
ligament.  It  runs  transversely  inwards  along  the  posterior  border  of  the  compressor 
urethrte,  and  then  turning  forwards  a  short  distance  from  the  outer  side  of  the  urethra, 
it  pierces  the  anterior  layer  of  the  triangular  ligament  and  enters  the  substance  of  the 
bull).  It  passes  onwards  in  the  corpus  spongiosum  to  the  glans,  where  it  anastomoses 
with  its  fellow  and  with  the  dorsal  arteries  of  the  penis. 

It  supplies  the  compressor  urethrte  muscle,  Cowper's  gland,  the  corpus  spongiosum, 
and  the  penile  part  of  the  urethra.  In  the  female  this  artery  supplies  the  bulb  of  the 
vestibule. 

{g)  The  artery  of  the  corpus  cavernosum  (a.  profunda  penis  in  the  male  ;  a.  pro- 
funda clitoridis  in  the  female)  is  usually  the  larger  of  the  two  terminal  l)ranches. 
Immediately  after  its  origin  it  enters  the  crus  penis,  and  runs  forwards  in  the  corpus 
cavernosum,  which  it  supplies. 

(A)  The  dorsal  artery  of  the  penis  (a.  dorsalis  penis  in  the  male  ;  a.  dorsalis  clitoridis 
in  the  female)  passes  forwards  between  the  layers  of  the  suspensory  ligament,  and  runs 
along  the  dorsal  surface  of  the  penis  with  the  dorsal  nerve  immediately  to  its  outer  side, 
whilst  it  is  separated  from  its  fellow  of  the  opposite  side  by  the  single  dorsal  vein.  It 
supplies  the  superficial  tissues  on  the  dorsal  aspect  of  the  penis,  sends  branches  into  the 
corpus  cavernosum  to  anastomose  with  the  arteiy  to  the  corpus  cavernosum,  and  its  terminal 
branches  enter  the  glans  jjenis,  where  they  anastomose  with  the  arteries  to  the  bulb.  It 
also  anastomoses  with  the  external  pudic  branches  of  the  femoral. 
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3.  Sciatic  Artery  (a.  gluta?a  inferior,  Figs.  569  and  571). — The  sciatic  artery 
arises,  usually  distinct  from  tlie  pudic  artery,  but  sometimes  in  common  with  it,  from 

the  anterior  division 
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Flo.  571. — The  Arteries  of  the  Bdttock  and  the  Back  of  the 
Thigh  and  Knee. 


—  (Jastrocnemius 

Branches.  — In 

the  pelvis. — Small  and 
irregular  branches 
supply  the  adjacent 
viscera  and  muscles 
and  the  sacral  nerves  ; 
they  anastomose  with  branches  of  the  internal  pudic  and  lateral  sacral  arteries. 

In  the  huttock.  —  {a)  Muscular  branches  are  given  oft'  to  the  muscles  of  the 
buttock  and  to  the  upper  parts  of  the  hamstring  muscles.  They  anastomose  with  the 
pudic,  internal  circumflex,  and  obturator  arteries,  (b)  The  coccygeal  branch  arises 
immediately  after  the  artery  leaves  the  pelvis.  It  runs  inwards,  pierces  the  great 
sacro-sciatic  ligament  and  the  gluteus  maximus,  and  ends  in  the  soft  tissues  over  the 
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back  of  the  lower  part  of  the  sacrum  and  of  the  coccyx.  It  gives  several  branches  to  the 
glntens  maximus,  and  anastomoses  with  branches  of  the  gluteal  and  lateral  sacral  arteries, 
(c)  An  anastomotic  branch  passes  transversely  outwards,  over  or  under  the  great 
sciatic  nerve,  towards  the  great  trochanter  .of  the  femur.  It  anastomoses  with  branches 
of  the  gluteal,  pudic,  internal  and  external  circumflex,  and  the  first  perforating  arteries, 
taking  part  in  the  formation  of  the  so-called  "  crucial  anastomosis."  (d)  Cutaneous 
branches,  accompanying  twigs  of  the  small  sciatic  nerve,  pass  round  the  lower  border 
of  the  gluteus  maximus  muscle  to  the  integument,  (e)  The  comes  nervi  ischiatici  (a. 
comitans  n.  ischiadici)  is  a  long  slender  branch  which  runs  down  on  the  surface,  or  in 
the  substance  of  the  great  sciatic  nerve.  It  supplies  the  nerve,  and  anastomoses  with  the 
perforating  arteries  and  Avith  the  termination  of  the  profunda. 

AETEEIES  OF  THE  LOWEE  EXTEEMITY. 

The  main  artery  of  each  lower  limb  is  continued  from  the  corresponding  com- 
mon iliac  artery.  It  descends  as  a  single  trunk  as  far  as  the  lower  border  of  the 
popliteus,  and  ends  there  by  dividing  into  the  anterior  and  posterior  tibial  arteries. 
Distinctive  names  are,  however,  applied  to  different  parts  of  the  artery,  correspond- 
ing to  the  several  regions  throiigh  which  it  passes.  Thus  in  the  abdomen  it  is 
called  the  external  iliac  artery,  in  the  upper  two-thirds  of  the  thigh  it  receives  the 
name  of  the  femoral  artery,  whilst  its  lower  part,  which  is  situated  on  the  flexor 
aspect  of  the  knee,  is  termed  the  popliteal  artery. 

THE  EXTERNAL  ILIAC  ARTERY. 

The  external  iliac  artery  (a.  iliaca  externa)  extends  from  the  level  of  the  lumbo- 
sacral articulation  to  a  point  beneath  Poupart's  ligament,  midway  between  the 
anterior  superior  spine  of  the  ilium  and  the  symphysis  pubis,  where  it  becomes  the 
femoral  artery.  Its  length  is  about  three  and  a  half  inches  (87  to  100  mm.),  and 
in  the  adult  it  is  usually  somewhat  larger  than  the  internal  iliac  artery. 

It  runs  downwards,  oiitwards,  and  forwards  along  the  brim  of  the  pelvis,  rest- 
ing iipon  the  iliac  fascia,  which  separates  it  above  from  the  inner  border,  and 
below  from  the  anterior  surface  of  the  psoas  muscle,  and  it  is  enclosed  with  its 
accompanying  vein  in  a  thin  fascial  sheath. 

Relations. — Anterior. — It  is  covered  in  front  by  peritoneum,  which  separates  it  on 
the  right  side  from  the  pelvic  colon,  iliac  colon,  and  coils  of  small  intestine,  and  on  the  right 
side  from  the  terminal  portion  of  the  ileum,  and  sometimes  from  the  vermiform  appendix. 
The  lu'eter,  descending  behind  the  peritoneum,  sometimes  crosses  the  front  of  the  artery 
near  its  origin,  and  in  the  female  the  ovarian  vessels  cross  the  upper  part  of  the  artery. 
Near  its  lower  end  the  artery  is  crossed  anteriorly  by  the  genital  branch  of  the  genito- 
orural  nerve  and  by  the  deep  circumflex  iliac  vein.  In  the  male  this  part  of  the  artery  is 
also  crossed  by  the  vas  deferens,  and  in  the  female  by  the  round  ligament  of  the  uterus. 
Several  iliac  lymphatic  glands  lie  in  front  of  the  external  iliac  artery,  and  almost  invari- 
ably one  of  these  is  directly  in  front  of  its  termination. 

Posterior. — The  iliac  fascia  and  psoas  muscle  lie  behind  the  artery.  Near  its  upper 
end  the  obturator  nerve  is  also  posterior  to  the  vessel. 

Lateral. — Externally  is  the  genito-crural  nerve  ;  internally,  and  on  a  somewhat  posterior 
plane,  is  the  external  iliac  vein. 

Branches. — In  addition  to  small  branches  to  the  psoas  muscle  and  to  the 
lymphatic  glands,  two  named  branches  of  considerable  size  spring  from  the  external 
iliac  artery,  viz.  the  deep  epigastric  and  the  deep  circumflex  iliac. 

(1)  The  deep  epigastric  artery  (a.  epigastrica  inferior.  Figs.  569  and  572)  arises 
immediately  above  Poupart's  ligament  from  the  front  of  the  external  iliac.  Curving 
forward  from  its  origin  it  lies  in  the  extra-peritoneal  fat,  turns  round  the  lower 
border  of  the  peritoneal  sac,  and  runs  upwards  and  inwards  along  the  inner  side  of 
the  internal  abdominal  ring  and  along  the  outer  border  of  Hesselbach's  triangle ;  it 
then  pierces  the  transversalis  fascia,  passes  over  the  semilunar  fold  of  Douglas  and 
enters  the  sheath  of  the  rectus  abdominis.  For  a  short  distance  it  ascends  behind 
the  rectus,  but  it  soon  penetrates  the  substance  of  the  muscle,  and  breaks  ixp  into 
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Ijranches  which  anastomose  witli  terminal  offsets  of  the  superior  epigastric  branch 
of  the  internal  mammary  artery  and  with  the  lower  intercostal  arteries.  At  the 
internal  abdominal  ring  in  the  male  the  vas  deferens,  the  spermatic  vessels,  and  the 
genital  branch  of  the  genito-crural  nerve  hook  round  the  front  and  outer  side  of 
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Fig.  572. — The  Ifjac  Aiiteuiks  and  Veins  in  the  Female. 

the  artery,  the  vas  deferens  turning  inwards  ))ehiiid  it:  whilst  in  the  female  the 
round  licrament  of  the  uterus  and  the  yenital  l)rancli  of  the  oenito-crural  nerve 
occupy  the  corresponding  positions. 

Branches. — (a)  Muscular  branches  which  spring  luainly  from  the  outer  side  of  the 
artery  supply  the  rectus,  the  pyraiuidalis,  the  transversal  is,  and  the  oblique  muscles  of  the 
abdominal  wall,  and  they  anastomose  with  branches  of  the  deep  circumflex  iliac,  the 
lumbar,  and  the  lower  intercostal  arteries,  (h)  Cutaneous  branches  which  pass  from  tlie 
front  of  the  deep  epigastric  pierce  the  rectus  abdoininis  and  the  front  part  of  its  sheath,- 
and  terminate  in  the  subcutaneous  tissues  of  Iho  anterior  abdoiuinal  wall,  where  they 
anastomose  with  corresponding  branches  of  the  opposite  side  and  with  branches  of  the 
superficial  epigastric  artery,  (r)  Tlie  cremasteric  branch  (a.  spermatica  externa  in  the 
male,  a.  ligamenti  teretis  uteri  in  the  female)  is  small.  It  descends  through  the  inguinal 
canal  and  anastomoses  with  the  external  pudic  and  superficial  perineal  arteries,  and  in  the 
male  with  the  spermatic  artery  also.  In  the  male  it  accompanies  the  spermatic  cord, 
supplying  its  coverings,  including  the  eremaster.  In  the  female  it  runs  with  the  round 
liuament.  (d)  The  pubic  branch  (ramus  pubicus)  descends  either  on  the  outer  or  the  inner 
side  of  the  crural  ring  to  anastomose  with  the  pubic  branch  of  the  obturator  artery  ;  it  also 
anastomoses  with  its  fellow  of  the  0])posite  side.  Sometimes  when  the  obturator  branch 
of  tlie  internal  iliac  artery  is  absent,  the  pubic  branch  of  the  deep  epigastric  artery 
enlarges  and  becomes  tlie  obturator  artery,  which  descends  to  the  obturator  foramen 
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either  ou  the  outer  or  the  inner  side  of  the  crural  ring.  In  the  latter  case  the  artery  may 
be  injured  in  the  operation  for  the  relief  of  a  strangulated  femoral  hernia. 

(2)  The  deep  circumflex  iliac  artery  (a.  circumflexa  ilium  profunda  Figs  569 
and  572)  springs  from  the  outer  side  of  the  external  iliac  artery,  usuaUy  a  httie 
below  the  deep 
epigastric,  and  im- 
mediately above 
Poupart's  ligament. 
It  runs  outwards 
and  upwards  to  the 
anterior  superior 
spine  of  the  ilium. 
In  this  part  of  its 
course  it  lies  just 
above  the  lower 
border  of  Poupart's 
ligament,  and  is  en- 
closed in  a  fibrous 
canal  formed  l:)y  the 
union  of  the  trans- 
versalis   and  iliac 
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One  of  the  latter 
branches  is  fre- 
quently of  consider- 
able size  ;  it  pierces 
the  transversalis 
muscle  a  short  dis- 
tance in  front  of 
the  anterior  superior 
spine  of  the  ilium,  and 
ascends  vertically  be- 
tween the  transver- 
salis and  the  internal 
oblique,  anastomos 
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Fig.  573.— The  Femoral  Ahtery  and  its  Branches 


ing  with  the  lumbar  and  epigastric  arteries,  (h)  Cutaneous  branches  pierce  the  internal 
and  external  oblique  muscles.  They  terminate  in  the  skin  over  the  crest  of  the  ilium, 
and  they  anastomose  with  the  gluteal,  the  superficial  circumflex  iliac  and  the  ilio-lumbar 
arteries, 
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THE  FEMORAL  ARTERY. 

The  femoral  artery  (a.  femoralis,  Figs.  573  and  574)  continues  the  external  ihae 
into  the  thigh.  It  commences  at  the  lower  border  of  Poupart's  hgament,  and, 
descending  through  the  upper  two-thirds  of  the  thigh,  terminates  at  the  opening  in 
the  adductor  magnus. 

Course. — Its  general  direction  is  indicated  l)y  a  line  drawn  from  the  point  of 
origin  midway  between  the  anterior  superior  spine  of  the  ihum  and  the  symphysis 
pubis  to  the  adductor  tubercle,  the  thigh  being  flexed  and  rotated  outwards. 

In  its  upper  half  the  femoral  artery  lies  in  Scarpa's  triangle,  and  is  comparatively 
superficial ;  at  the  apex  of  the  triangle  it  passes  beneath  the  sartorius,  enters 
Hunter's  canal,  and  is  thus  more  deeply  placed. 

At  its  entry  into  Scarpa's  triangle  both  the  artery  and  its  vein  are  enclosed,  for 
a  distance  of  one  and  a  quarter  inches,  in  a  funnel-shaped  fascial  sheath  formed  of 
the  fascia  transversalis  in  front  and  the  iliac  fascia  behind.  This  is  called  the 
femoral  sheath;  it  is  divided  by  septa,  running  from  front  to  back,  into  three 
compartments,  the  outer  of  which  is  occupied  l>y  the  femoral  artery  and  genito- 
crural  nerve.  The  middle  contains  the  femoral  vein,  and  the  internal  compartment 
constitutes  the  crural  canal. 

Relations. — In  Scarpa's  trianrjle  the  femoral  artery  is  covered  by  skin  and  fascia, 
by  superficial  inguinal  lymphatic  glands  and  small  superficial  vessels.  The  anterior 
part  of  the  femoral  slieath  and  the  cribriform  fascia  are  in  front  of  the  upper  part  of  the 
artery,  and  the  fascia  lata  is  in  front  of  tlie  lower  part.  Near  the  apex  of  the  triangle 
the  artery  is  crossed  by  the  internal  cutaneous  nerve,  and  not  infrequently  by  a  tributary 
of  the  internal  saphenous  vein.  Behind,  it  is  in  relation,  from  above  downwards,  with  the 
posterior  part  of  the  femoral  sheath,  the  pubic  portion  of  the  fascia  lata  and  the  psoas, 
the  pectineus,  and  the  upper  part  of  the  adductor  longus  muscles.  The  nerve  to  the 
pectineus  passes  between  the  artery  and  the  jJsoas ;  the  femoral  vein  and  the  jDrofunda 
artery  and  vein  intervene  between  it  and  the  pectineus,  and  the  femoral  vein  also  separates 
it  fi'om  the  adductor  longus. 

The  femoral  vein  wliich  lies  behind  the  artery  in  the  lower  part  of  Scarpa's  triangle 
passes  to  its  inner  side  above,  but  is  separated  from  the  artery  by  the  outer  septum  of 
the  femoral  sheath.  On  the  outer  side  of  the  artery  is  the  anterior  crural  nerve  above  ; 
lower  down  the  internal  saphenous  nerve  and  the  nerve  to  tiie  vastus  internus  are 
continued  on  the  outer  side.  The  crural  branch  of  the  genito-crural  nerve  is  in  front  and 
to  the  outer  side  above,  and  runs  for  a  short  distance  in  the  femoral  sheath. 

In  Hunter's  canal,  the  artery  has  behind  it  the  adductor  longus  and  the  adductor 
magnus,  whilst  in  front  and  to  the  outer  side  is  the  vastus  internus.  The  femoral  vein  is 
also  behind  the  artery,  but  lies  to  its  outer  side  below  and  to  its  inner  side  above. 
Superficial  to  the  artery  is  the  fascial  roof  of  the  canal,  upon  which  is  the  sub-sartorial 
plexus  of  nerves  and  the  sartorius  muscle.  The  internal  or  long  saphenous  nerve  enters 
Hunter's  canal  with  the  artery,  and  runs  first  on  its  outer  side,  then  in  front,  and  lastly 
on  its  inner  side. 

Branches. — The  femoral  artery  gives  off  the  following  branches  : — 

(1)  Superficial  branches. 

(a)  The  superficial  external  pudic. 

(h)  The  superficial  epigastric. 

(c)  The  superficial  circumflex  iliac. - 

(2)  Muscular. 

(3)  The  deep  external  pudic. 

(4)  The  profunda. 

(5)  The  anastomotica  magna. 

(a)  The  superficial  circumflex  iliac  (a.  circumflexa  ilium  superiiciaLis)  springs 
from  the  front  of  the  femoral  artery  just  below  Poupart's  ligament.  It  pierces 
the  femoral  sheath  and  the  fascia  lata,  external  to  the  saphenous  opening,  and 
runs  in  the  superficial  fascia  as  far  as  the  anterior  superior  spine  of  the  ilium. 
It  supplies  the  outer  set  of  inguinal  glands  and  the  skin  of  the  groin,  and  it  sends 
branches  through  the  fascia  lata  which  anastomose  with  the  deep  circumflex  iliac 
and  supply  the  upper  parts  of  the  sartorius  and  tensor  fasciae  femoris  muscles. 

(6)  The  superficial  epigastric  artery  (a.  epigastrica  superficialis)  arises  near 
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the  preceding.  It  pierces  the  femoral  sheath  aud  the  cribriform  fascia,  and 
passes  upwards  and  inwards  between  the  superficial  and  deep  layers  of  the 
superficial  fascia  of  the  abdominal  wall  towards  the  umbilicus.  It  supplies  the 
inguinal  glands  and  the  integument,  and  anastomoses  with  its  feUow  of  the 
opposite  side,  with  the  deep  epigastric,  and  with  the  superficial  circumflex  iliac  and 
superficial  external  pudic  arteries. 

(c)  The  superficial  external  pudic  artery  (a.  pudenda  externa  superficiaUs) 
also  springs  from  the  front  of  the  femoral  artery,  and,  after  piercing  the 
femoral  sheath  and  the  cribriform  fascia,  runs  upwards  and  inwards  towards  the 


Fig.  574. — The  Femoral  Vessels  in  SCxVRPa's  Triangle. 

spine  of  the  pubis,  where  it  crosses  superficial  to  the  spermatic  cord.  It  suppHes 
the  integument  of  the  lower  part  of  the,  abdominal  wall,  the  root  of  the  dorsum  of 
the  penis  in  the  male,  and  the  region  of  the  mons  Veneris  in  the  female,  and  it 
anastomoses  with  its  fellow  of  the  opposite  side,  the  deep  external  pudic,  the 
dorsal  artery  of  the  penis,  and  the  superficial  epigastric  arteries. 

(2)  Muscular  branches  are  distributed  to  the  pectineus  and  the  adductor 
muscles  on  the  inner  side,  and  to  the  sartorius  and  the  vastus  internus  on  the 
outer  side. 

(3)  The  deep  external  pudic  artery  (a.  pudenda  externa  profunda)  rises  from  the 
inner  side  of  the  femoral.  It  runs  inwards,  across  the  front  of  the  pectineus,  and  in 
front  of  or  behind  the  adductor  lougus,  to  the  inner  side  of  the  thigh  ;  it  then 


81G 


THE  VASCULAR  SYSTEM. 


pierces  the  deep  fascia,  and  terminates  in  the  scrotum,  where  it  anastomoses  with 
the  superhcial  perineal  and  superficial  external  pudic  arteries,  and  with  the 
cremasteric  branch  of  the  deep  epigastric  artery. 

(4)  The  profunda  artery  (a.  profunda  femoris.  Fig.  573)  is  a  large  l)ranch  only 
slightly  snialltu-  than  the  continuation  of  the  femoral  artery,  lit  arises  about  an 
inch  and  a  half  below  I'oupart's  ligament,  fr(»m  the  outer  side  of  the  i'emoral  artery. 
Curving  Ijackwards  and  inwards,  it  passes  behind  the  latter  vessel,  and  runs  down- 
wards, close  to  the  inner  aspect  of  the  femur,  to  the  lower  third  of  the  thigh,  where 
it  perforates  the  adductor  magnus  and  passes  to  the  back  of  the  thigh.  Its  termina- 
tion is  known  as  the  fourth  perforating  artery.  As  the  profunda  descends  it  lies 
upon  the  ihacus,  the  pectineus,  the  adductor  brevis,  and  the  adductor  magnus.  It 
is  se})arated  from  the  feuKtral  artery  l)y  its  own  vein,  by  the  femoral  vein,  and  by 
the  adductor  longus  muscle  behind  which  it  passes. 

Branches. — (")  Muscular  branches  are  given  oft' from  the  profunda  both  in  Scarpa's 
triangle,  and  whilst  it  lies  between  the  adductor  muscles ;  many  of  them  terminate  in  the 
adductors,  others  pass  through  the  adductor  magnus,  and  terminate  in  the  hamstrings, 
where  they  anastomose  with  the  transverse  branch  of  the  internal  circumflex  and  with 
the  upper  muscular  branches  of  the  popliteal  artery. 

(b)  The  external  circumflex  artery  (a.  circumflexa  femoris  lateralis,  Figs.  573  and  574) 
springs  from  the  outer  side  of  the  profunda,  or  occasionally  from  the  femoral  artery 
above  the  origin  of  the  profunda.  It  runs  outwards  across  the  front  of  the  iliacus,  and 
between  the  superficial  and  deep  branches  of  the  anterior  crural  nerve,  to  the  outer  border 
of  Scarpa's  trian<>le;  then,  passing  beneath  the  sartorius  and  the  rectus  femoris,  it  terminates 
by  dividing  into  three  terminal  branches — the  ascending,  the  transverse,  and  the  descend- 
ing. Before  its  termination  it  supplies  branches  to  the  nuiscles  mentioned  and  to  the 
upper  part  of  the  crureus. 

(i.)  The  ascending  terminal  branch  (ramus  asceudens)  runs  upwards  aud  outwards,  beneath  the 
rectus  femoris  and  the  tensor  fasciie  femoris,  along  the  anterior  intertroclianteric  line,  to  the 
anterior  borders  of  the  gluteus  luedius  and  minimus,  between  which  it  passes  to  anastoiuo.se  with 
the  dee])  l)ranc]ies  of  the  gluteal  artery.  It  sui^plies  twigs  to  the  neighbouring  muscles,  anasto- 
moses witli  the  gluteal,  the  deep  circumflex  iliac,  and  the  transverse  branch  of  the  external 
circuiufic.x  arteries,  and,  as  it  ascends  along  the  anterior  intertrochanteric  line,  gives  off  a  branch 
which  passes  Ijetweeu  the  two  limbs  of  the  Y-shaped  ligament  into  the  hip-joint,  (ii.)  The 
transverse  terminal  branch  is  small ;  it  runs  outwards  between  the  crureus  and  the  rectus  femoris, 
passes  iuti)  tlie  substance  of  the  vastus  externus,  winds  round  the  fenmr,  and  anastomoses  witli 
the  ascending  and  descending  branches,  with  the  perforating  Ijrancljes  of  the  profunda,  and  with 
the  sciatic  and  internal  circunillex  arteries,  (iii.)  The  descending  terminal  branch  (ramus 
descendens)  runs  downwards  beneath  the  rectus  and  along  the  anterior  border  of  the  vastus 
externus  accompanied  Ijy  the  nerve  to  the  latter  muscle.  It  anastomoses  with  the  transverse 
branch,  with  twigs  of  the  inferior  ]ierforating  arteries,  with  the  anastomotic  laranch  of  the  I'emoral, 
and  with  the  superior  external  articular  branch  of  the  pojjliteal  artery. 

(c)  The  internal  circumflex  artery  (a.  circumflexa  femoris  mcdialis.  Fig.  573)  springs 
from  tlio  inner  aud  back  part  of  the  profunda,  at  the  same  level  as  the  external  circumflex, 
aud  runs  backwards,  through  the  floor  of  Scarpa's  triangle,  passing  between  the  psoas  and 
the  pectineus ;  crossing  the  upper  border  of  the  adductor  brevis  it  is  continued  backwards 
beneath  the  neck  of  the  femur,  aud  passes  between  the  adjacent  borders  of  the  obturator 
externus  and  the  adductor  brevis  to  the  upper  border  of  the  adductor  magnus,  where  it 
divides  into  two  terminal  branches,  a  transverse  and  an  ascending. 

Branches. — (i.)  An  articular  branch  (ramus  acetabuli)  is  given  off  as  the  artery  passes 
beneath  tlie  neck  of  the  fenmr.  It  ascends  to  the  cotyloid  notch  where  it  anastomo.ses  with 
twigs  from  the  i)osterior  branch  of  the  obturator  artery,  and  it  sends  branches  into  the  cotyloid 
cavity  and  along  the  ligamentum  teres  to  the  head  of  the  femur,  (ii.)  Muscular  branches  are 
given  off  to  the  neighbouiing  muscles.  Tlie  largest  of  these  branches  usually  rises  immediately 
before  the  termination  of  the  artery,  it  descends  on  the  anterior  aspect  of  the  adductor  magnus 
and  anastomoses  with  the  muscular  branches  of  the  ])rofunda  artery,  (iii.)  The 'ascending  terminal 
branch  (ramus  i)rofundus)  passes  np^-ards  and  outwards,  between  the  obturator  externus  and  the 
quadratus  rfemoris  to  the  digital  fossa  of  the  I'enuir,  where  it  anastomoses  with  branches  of  the 
gluteal  and  the  sciatic  arteries,  (iv.)  The  transverse  terminal  branch  (ranuts  superficialis)  runs 
backwards  between  the  lower  border  of  the  quadratus  femoris  and  the  upjper  border  of  the 
adductor  magnus  to  the  hamstring  muscles.  It  anastomoses  imder  the  lower  part  of  the  gluteus 
maxinuts  with  the  sciatic  and  first  perforating  arteries  and  with  the  transverse  branch  of  the 
external  circumflex,  and  in  the  substance  of  tlie  hamstrings  witli  the  muscular  branches  of  the 
])rofunda. 
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(d)  The  perforating  arteries  (Fig.  575),  including  the  terminal  branch  of  the  profunda, 
are  four  in  number.  They  curve  backwards  and  outwards  round  the  posterior  aspect  of 
the  femur,  lying  close  to  the  bone,  under  well-marked  tendinous  arches,  which  interrupt  the 
continuity  of  muscular 


attachments;  their 
terminal  branches 
enter  the  vastus  ex- 
ternus  and  anastomose 
in  its  substance  with 
each  other,  with  the 
descending  branch  of 
the  external  circum- 
flex, with  the  anasto- 
motic, and  with  the 
superior  external 
articular  branch  of 
the  popliteal. 

The  first  perforating 
artery  (a.  perforaiis 
prima)  pierces  the  in- 
sertions of  the  adductors 
brevis  and  magnus,  and 
some  of  its  branches 
anastomose  beneath  the 
gluteus  maxinius  with 
the  sciatic,  with  the 
transverse  branch  of 
the  internal  circumflex, 
and  with  the  transverse 
branch  of  the  external 
circumflex,  forming 
what  is  known  as  the 
crucial  anastomosis. 

The  second  perforat- 
ing artery  (a.  perforans 
secunda)  pierces  the 
adductors  brevis  and 
magnus,  and  then  passes 
between  the  gluteus 
maxinius  and  the  short 
head  of  the  biceps  into 
the  vastus  externus.  It 
anastomoses  with  its 
fellows  above  and  below, 
and  with  the  internal  cir- 
cumflex and  the  upper 
muscular  branches  of 
the  popliteal  artery. 

The  third  (a.  per- 
forans tertia)  and  fourth 
perforating  arteries  pass 
through  the  adductor 
magnus  and  the  short 
head  of  the  biceps  into, 
the  vastus  externus. 
Their  anastomoses  are 
similar  to  those  of  the 
second  perforating. 

A  nutrient  branch  (a. 
nutricia  femoris)  to  the 
femur  is  given  off  either 
from  the  second  or  third 


Gluteus  maxiimis 


Great  sciatic 
ligament 


 Gluteus  mediu.s 


Gluteus  minimus 

Deep  branch  of 
gluteal  artery 


Muscular  branch 
of  profunda  artery 


Gracilis 

Popliteal  artery 

Supeiior  internal 
articular  artery 

Seniitendinosus 
Gastrocnemius 

Muscular  artery 


Pyriformis 


Obturator  internus 
and  gemelli 
Ascending  branch 
of  internal 
circumflex  artery 

Quadratus  femoris 

Transverse  branch 
of  internal 
circumflex  artery 


1st  perforating 
artery 


2nd  perforating 
artery 


3rd  perforating 
artery 


Termination  of 
profunda  artery 
(4th  perforating) 


—Short  head  of  biceps 

 Long  head  of  biceps 

 Popliteal  vein 

Superior  external  articular 
artery 

Gastrocnemius 


Fig.  575. — The  Arteries  of  the  Buttock  and  the  Back  of  the 
Thigh  aud  Knee. 


perforating  artery,  usually  the  former  ;  an  additional  nutrient  branch  may  also  be  supplied  by 
the  first  or  fourth  perforating  arteries. 

(5)  The  anastomotic  (a.  genu  suprema)  arises  near  the  termination  of 
the  femoral  artery  in  the  lower  part  of  Hunter's  canal,  and  divides  almost 
immediately  into  a  superficial  and  a  deep  .branch ;  indeed,  very  frequently  the  two 
branches  arise  separately  from  the  femoral  trunk 
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(a)  The  superficial  branch  (ruinus  saj)hemis)  jjasses  tliroiigh  the  lower  end  of  Hunter's 
canal  with  the  long  saphenous  nerve,  and  appears  superficially  on  the  inner  side  of  the 
knee  between  the  gracilis  and  the  sartorius.  It  gives  twigs  to  the  integument  of  the 
upper  and  inner  part  of  the  leg,  and  it  anastomoses  with  the  inferior  internal  articular 
artery.  (A)  The  deep  branch  (ramus  umsculo-articidaris)  descends  in  the  substance  of 
the  vastus  internus  along  the  anterior  aspect  of  the  tendon  of  the  adductor  magnus. 
It  anastomoses  with  the  superior  internal  articular  artery,  and  it  sends  branches  outwards, 
one  on  the  surface  of  the  femur  and  another  along  the  upper  border  of  the  patella,  to 
anastomose  with  the  descending  branch  of  the  external  circuuiflex,  the  inferior  perforating 
artery,  the  superior  external  articular,  and  the  anterior  tibial  recurrent. 

THE  POPLITEAL  ARTERY. 

The  popliteal  artery  (a.  poplitea)  is  the  direct  contiuuatiou  of  the  femoral.  It 
commences  at  the  upper  and  inner  part  of  the  popliteal  space,  under  cover  of  the 
semimemhraneous,  and  terminates  at  the  lower  border  of  the  popliteus  muscle,  and 
on  a  level  with  the  lower  part  of  the  tubercle  of  the  tibia,  by  dividing  into  the 
anterior  and  the  posterior  tibial  arteries. 

Erom  its  origin  tlie  artery  descends,  with  an  outward  inclination,  to  the  inter- 
space between  the  condyles  of  the  femur,  whence  it  is  continued  vertically  down- 
wards to  its  termination. 

Relations. — Anterior. — It  is  in  contact  in  front  and  from  above  downwards  with  the 
popliteal  surface  of  the  femur,  the  posterior  ligament  of  the  knee-joint,  and  the  fascia 
covering  the  posterior  surface  of  the  poplitevis. 

PoHteiior. — The  artery  is  overlapped  behind  by  the  outer  border  of  the  semi- 
membranosus above ;  it  is  crossed  about  its  middle  by  the  popliteal  vein  and  the  internal 
popliteal  nerve,  the  vein  intervening  between  the  artery  and  the  nerve  ;  whilst  in  the 
lower  part  of  its  extent  it  is  overlapped  by  the  adjacent  borders  of  the  two  heads  of  the 
gastrocnemius,  and  crossed  by  the  nerve  to  the  poj^liteus  and  by  the  j^lantaris  muscle. 

Lateral. — On  its  outer  side  it  is  in  relation  above  with  the  internal  popliteal  nerve  and 
the  popliteal  vein,  then  with  the  outer  condyle  of  the  feuuir,  and  lielow  with  the  outer 
head  of  the  gastrocneiuius  and  with  the  plantaris. 

On  the  inner  side  it  is  in  relation  above  with  the  semimembranosus,  in  the  middle 
with  the  inner  condyle  of  the  femur,  and  below  with  the  internal  popliteal  nerve,  the 
popliteal  vein,  and  the  internal  head  of  the  gastrocnemius.  P()plite^d  lymphatic  glands 
are  arranged  irregularly  around  the  artery. 

Branches. — (1)  Muscular  branches  are  given  off  in  two  sets,  upper  and  lower. 

The  upper  muscular  branches  are  distributed  to  the  lower  parts  of  the  hamstring 
muscles,  in  which  they  anastomose  with  branches  of  the  profunda  artery. 

The  lower  nuiscvilar,  or  sural,  arteries  (aa.  surales)  enter  the  upper  parts  of  the  gastro- 
cnemius, the  plantaris,  the  soleus,  and  the  popliteus  muscles,. and  they  anastomose  with 
branches  of  the  posterior  tibial  artery  and  the  lower  articular  arteries. 

(2)  The  articular  branches  are  five  in  number — viz.  upper  and  lower  external,  upjx'r 
and  lower  internal,  and  an  azygos  branch. 

(a)  The  superior  external  articular  artery  (a.  genu  superior  lateralis)  passes  outwards 
above  the  external  condyle,  behind  the  femur  and  in  front  of  the  biceps  tendon,  into  the 
vastus  externus,  where  it  anastomoses  with  the  anastomotic,  the  descending  branch  of  the 
external  circumflex,  and  the  lowest  perforating  artery  ;  it  also  sends  branches  downwards 
to  anastomose  with  the  inferior  external  articular  and  with  the  anterior  tibial  recurrent. 

{b)  The  superior  internal  articular  artery  (a.  genu  superior  medialis)  passes  inwards 
above  the  internal  condyle,  behind  the  femur,  and  in  front  of  the  tendon  of  the  adductor 
magnus,  into  the  vastus  internus.  It  anastomoses  with  branches  of  the  anastomotic  and 
of  the  superior  external  articular  artery. 

(c)  The  inferior  external  articular  artery  (a.  genu  inferior  lateralis)  runs  outwards  across 
the  popliteus  muscle  and  in  front  of  the  ])]antaris  and  the  exteriial  head  of  the  gastro- 
cnemius ;  then  turning  forwards,  it  is  joined  by  the  inferior  external  articular  nerve,  and 
passes  to  the  inner  side  of  the  external  lateral  ligament,  where  it  terminates  by  anasto- 
mosing with  its  fellow  of  the  opposite  side  and  with  the  superior  external  articular  and 
anterior  tibial  recurrent  arteries. 

{d)  The  inferior  internal  articular  artery  (a.  genu  inferior  medialis)  passes  inwards  below 
the  inner  tuberosity  of  the  tibia,  along  the  upper  border  of  the  popliteus  and  in  front  of 
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the  internal  head  of  the  gastrocnemius,  to  the  inner  side  of  the  knee,  where  it  turns 
forwards  between  the  bone  and  the  internal  lateral  ligament,  and  terminates  anteriorly 
by  anastomosing  with  its  fellow  of  the  opposite  side,  with  the  recurrent  branch  of  the 
anterior  tit)ial  artery,  and  with  the  superior  internal  articular  artery. 

(e)  The  azygos  articular  artery  (a.  genu  media)  passes  directly  forwards  from  the  front 
of  the  popliteal  artery,  pierces 

Seiiiiteiidinosus 


the  central  part  of  the  posterior 
ligament  of  the  knee-joint,  and 
enters  the  intercondylar  space. 
It  supplies  branches  to  the  crucial 
ligaments  and  to  the  synovial 
membrane,  and  is  accompanied 
by  the  azygos  articular  brand i 
of  the  internal  popliteal  nerve, 
and  sometimes  by  the  genicular 
branch  of  the  obturator  nerve. 

(3)  Cutaneous  branches  are 
distributed  to  the  skin  over  the 
popliteal  space.  One  of  these, 
the  superficial  spiral  artery, 
descends  in  the  middle  line 
of  the  back  of  the  calf  along 
with  the  external  saphenous 
nerve. 

The  Posterior  Tibial 
Artery. 

The  posterior  tibial  artery 

(a.  tibialis  posterior),  the  larger 
of  the  two  terminal  Ijranches 
of  the  popliteal,  comineuces  at 
the  lower  border  of  the  pop- 
liteus  and  terminates  midway 
between  the  tip  of  the  inner 
malleolus  and  the  most  pro- 
minent part  of  the  heel,  at  the 
lower  border  of  the  internal 
annular  hgament.  It  ends  by 
dividing  into  the  internal  and 
the  extei-nal  plantar  arteries, 
which  pass  onwards  to  the  sole 
of  the  foot. 

The  artery  runs  downwards 
and  inwards  on  the  back  of 
the  leg  between  the  superficial 
and  deep  layers  of  muscles, 
and  covered  by  the  deep  inter- 
muscular fascia  which  inter- 
venes between  them. 
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FiCi.  576.- 


-The  Popliteal  and  Posterior  Tibial  Arteries 
AND  their  Branches. 


Relations. — Anterior. — It  is 
in  contact  in  front,  and  from 
above  downwards,  with  the  tibi- 
alis posticus,  the  flexor  longus 
digitorum,  the  posterior  surface  of  the  tibia,  and  the  posterior  ligajuent  of  the  ankle- 
joint. 

Posterior. — The  artery  is  crossed  about  an  inch  and  a-half  below  its  origin  by  the 
posterior  tibial  nerve.  Elsewhere  it  is  in  contact  with  the  intermuscular  fascia,  which 
binds  down  the  deep  layer  of  muscles.  More  superiicially  the  upper  half  of  the  artery  is 
covered  by  the  fleshy  parts  of  the  soleus  and  gastrocnemius  muscles,  between  which  is  the 
plantaris  ;  the  lower  half  of  the  artery  is  much  nearer  the  surface,  and  is  only  covered  by 
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skin  and  fascia,  except  at  its  termination,  where  it  lies  beneath  the  internal  annular  liga- 
ment and  the  origin  of  the  abductor  hallucis. 

Lateral. — The  artery  is  accompanied  by  two  venae  comites,  one  on  either  side.  The 
posterior  tibial  nerve  lies  at  first  on  the  inner  side  of  the  vessel,  then  crosses  behind  it,  and 
is  continued  down  on  its  outer  side.  In  the  last  part  of  its  course  the  artery  is  separated 
from  the  internal  malleolus  by  tlie  tendons  of  the  tibialis  posticus  and  the  flexor  longus 
"  digitorum,  whilst  the  tendon  of  the  flexor  longus  hallucis  lies  behind  and  external  to  it. 

Branches. — The  posterior  tibial  gives  off  numerous  branches,  the  largest  of  which, 
the  peroneal,  forms  one  of  the  chief  arteries  of  the  leg.    The  branches  include — 

(1)  Two  large  muscular  branches  which  are  distributed  to  the  soleus,  the  tibialis 
posticus,  the  flexor  longus  digitorum,  and  the  flexor  longus  hallucis.  They  anastomose  with 
the  deep  sural  branches  of  the  jiopliteal  artery  and  the  lower  internal  articular  artery. 

(2)  Tlie  medullary  branch  (a.  nutricia  tibite),  the  largest  of  the  medullary  group 
of  arteries,  springs  from  the  upper  part  of  the  posterior  tibial,  pierces  the  tibialis 
posticus,  and  enters  the  medullary  foramen  on  the  posterior  surface  of  the  tibia.  In  the 
interior  of  the  bone  it  divides  into  ascending  and  descending  branches,  the  former  passing 
upwards  towards  the  head  of  the  bone,  and  the  latter  downwards  towards  the  lower 
extremity.    Before  entering  the  tibia  tlie  medullary  artery  gives  small  muscular  branches. 

(3)  A  communicating  branch  (ramus  communicans)  unites  the  posterior  tibial  to 
the  peroneal  artery  about  an  inch  above  the  inferior  tibio-fibular  articulation.  It  passes 
behind  the  shaft  of  the  tibia  and  in  front  of  the  flexor  longus  hallucis. 

(4)  Cutaneous  branches  are  distributed  to  the  skin  of  the  inner  and  posterior  part  of 
the  leg. 

(5)  An  internal  malleolar  branch  (a.  malleolaris  posterior  medialis)  is  distributed 
to  the  internal  surface  of  the  inner  malleolus,  anastomosing  with  a  corresponding  branch 
of  the  anterior  tibial  artery. 

(6)  The  peroneal  artery  (a.  peroucBa,  Fig.  576)  is  the  largest  branch  of  the  posterior  tibial. 
It  arises  about  an  inch  below  the  lower  border  of  the  popliteus,  curves  outwards  across  the 
upper  part  of  the  tibialis  posticus  to  the  postero-internal  border  of  the  fibula,  along 
which  it  descends  to  the  lower  part  of  the  interosseous  space,  and  it  terminates  about  an 
inch  above  the  ankle-joint  by  dividing  into  anterior  and  posterior  terminal  branches. 

As  the  peroneal  artery  passes  outwards  from  its  origin  it  lies  behind  the  tibialis 
posticus,  and  is  covered  posteriorly  by  the  deep  intermuscular  fascia  and  by  the  soleus. 
As  it  descends  along  the  postero-internal  border  of  the  fibula  it  lies  in  a  fibrous 
canal  between  the  tibialis  posticus  in  front  and  the  flexor  longus  hallucis  behind.  The 
peroneal  artery  is  accompanied  by  two  vente  comites,  and  is  crossed  in  front  and  behind 
by  communicating  branches  between  them. 

Branches. — (a)  Muscular  branches  are  distributed  to  the  soleus,  tibialis  posticus,  flexor  longus 
hallucis,  and  peroneal  muscles.  Some  pass  tlirougli  the  interosseous  membrane  and  supply  the 
anterior  muscles  of  the  leg. 

(6)  A  medullary  branch  (a.  nutricia  fibulre)  enters  the  medullary  foramen  of  the  fibula. 

(e)  A  communicating  branch  (a.  communicans)  passes  across  the  back  of  the  lower  end  of  the 
shaft  of  the  tibia,  about  an  inch  above  the  inferior  tibio-fibular  articulation,  to  anastomose  with 
the  posterior  tibial  artery. 

{d)  The  terminal  branches  are :  (i.)  The  anterior  tel'minal  branch  or  anterior  peroneal  artery 
(ramus  perforans),  which  passes  forwards  between  the  lower  border  of  the  interosseous  membrane 
and  the  interosseous  inferior  tibio-fibular  ligament,  and  runs  in  front  of  the  ankle  to  the  dorsum 
of  the  foot,  where  it  anastomoses  with  the  external  malleolar  branch  of  the  anterior  tibial  artery 
and  with  the  tarsal  branch  of  the  dorsalis  pedis  ;  it  also  supplies  branches  to  the  inferior  tibio- 
fibular articulation,  to  the  ankle-joint,  and  to  the  peroneus  tertius. 

(ii.)  The  posterior  terminal  branch  (ramus  calcaneus  lateralis),  ov  j)osterior  peroneal  artery,  ■pa.B&e.s 
downwards  behind  the  inferior  tibio-fibular  articulation  and  external  malleolus  to  the  outer  side 
of  the  heel  and  the  foot.  It  .supplies  the  ankle,  the  inferior  tibio-fibular  articulation,  and  the 
calcaneo-astragaloid  joint,  and  anastomoses  with  the  internal  calcaneal  branch  of  the  -external 
plantar  artery,  and  with  the  tarsal  and  metatarsal  branches  of  the  dorsalis  pedis. 

Plantar  Arteries. 

(7)  The  internal  and  external  plantar  arteries  are  the  terminal  branches  of  the 
posterior  tibial  artery.  They  arise  beneath  the  origin  of  the  abductor  hallucis 
muscle,  midway  betv^^een  the  tip  of  the  internal  malleohis  and  the  most  prominent 
part  of  the  inner  side  of  the  os  calcis. 

Internal  Plantar  Artery  (a.  plantaris  mediahs). — This  is  the  smaller  of  the  two 
terminal  branches  of  the  posterior  tibial  artery.    It  passes  forwards  along  the 
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inner  side  of  the  foot,  in  the  interval  between  the  abductor  hallucis  and  the  flexor 
brevis  digitoriim,  to  the  head  of  the  first  metatarsal  bone,  where  it  terminates  by 
uniting  with  the  plantar  digital  branch  of  the  dorsalis  hallucis,  which  is  distributed 
to  the  inner  side  of  the  great  toe.  In  its  course  forwards  it  gives  Ijrauches  to  the 
adjacent  muscles  and  articulations,  and  to  the  subjacent  skin ;  it  also  gives  three 
digital  branches  which  anastomose  at  the  roots  of  the  inner  three  interdigital  clefts, 
with  the  princeps  hallucis  branch  of  the  dorsalis  pedis  and  with  the  inner  two  digital 
branches  from  the  plantar  arch.  Some  of  the  cutaneous  branches  of  the  internal 
plantar  artery  anastomose, 
round  the  inner  border 
of  the  foot,  with  the  inner 
cutaneous  branches  of  the 
dorsalis  pedis  artery. 

External  Plantar 
Artery  (a.  plantaris  later- 
alis). —  This  artery,  the 
larger  of  the  two  terminal 
branches  of  the  posterior 
tibial  artery,  runs  forwards 
and  outwards,  first  be- 
tween the  flexor  brevis 
digitorum  and  the  acces- 
sorius and  then  in  the 
interval  between  the 
flexor  brevis  digitorum 
and  the  abductor  minimi 
digiti,  to  the  inner  side  of 
the  base  of  the  fifth  meta- 
tarsal bone,  where  it  turns 
abruptly  inwards  ;  it  then 
passes  across  the  bases  of 
the  metatarsal  bones  and 
the  origins  of  the  inter- 
ossei,andabovethe  oblique 
adductor  of  the  great  toe, 
to  the  outer  side  of  the 
base  of  the  first  metatarsal 
bone,  where  it  terminates 
by  anastomosing  with  the 
dorsaUs  pedis  artery.  The 
last  part  of  the  artery  is 
convex  forwards  and  forms 
the  plantar  arch,  which  is 
completed  l^y  the  dorsahs 
pedis. 

Branches. — B  e  t  w  e  e  n 

its  origin  and  the  base  of  the 
fifth  metatarsal  the  external  plantar  artery  gives  off  (a)  the  internal  calcaneal  branch, 
which  is  distributed  to  the  skin  and  the  subcutaneous  tissue  of  the  heel. 

(b)  Muscular  branches  to  the  abductor  hallucis,  flexor  brevis  digitorum,  accessorius, 
and  abductor  minimi  digiti. 

(c)  Cutaneous  branches  to  the  skin  of  the  outer  side  of  the  foot. 

Between  the  base  of  the  fifth  metatarsal  bone  and  the  first  interosseous  space  it  forms 
the  plantar  arch  (arcus  plantaris),  and  gives  off"  (d)  four  digital  branches  (aa.  metatarsse 
plantares);  (e)  three  posterior  perforating  arteries  (i-ami  perforantes)  to  the  dorsal  inter- 
osseous arteries ;  and  (/)  articular  branches  to  the  tarsal  joints. 

The  outermost  digital  branch  runs  along  the  outer  side  of  the  little  toe,  sup>plying 
the  skin,  joints,  and  the  flexor  tendons  with  their  synovial  sheaths.  The  inner  three 
digital  branches  run  forwards  on  the  plantar  surfaces  of  the  interossei,  the»  inner  two 
lying  dorsal  to  the  oblique  adductor  of  the  great  toe,  and  all  three  passing  dorsal  to  the 
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Fig.  577. — The  Plantar  Arteries  and  their  Branches. 
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transverse  adductor.  At  the  bases  of  the  interdigital  clefts  the  three  inner  digital  arteries 
divide  into  collateral  branches  (aa.  digitales  plantares)  which  run  along  the  plantar  aspect 

of  adjacent  toes,  and  sujjply 
skin,  joints,  and  the  flexor 
tendons  and  sheaths.  Opposite 
the  last  phalanx  of  each  toe 
the  digital  arteries  anasto- 
mose. 

The  posterior  perforating 
arteries  are  three  in  ntnnber ; 
tlicy  pass  dorsalwards  through 
the  three  outer  interosseous 
spaces,  between  the  heads 
of  the  dorsal  interosseous 
muscles,  and  terminate  by 
uniting  with  the  dorsal  in- 
terosseous branches  of  the 
metatarsal  artery.  Anterior 
perforating  branches  A\liich 
communicate  with  the  dorsal 
intei'osseous  arteries  are  given 
off  from  two  or  three  of  the 
digital  ai'terics  just  before 
they  divide. 

The  articular  branches  are 
numerous  and  irregular;  they 
supj)ly  the  joints  and  liga- 
ments of  the  tarsus  on  its 
plantar  aspect. 


Superior  external 
articnlar  artery 


Inferior  external 
articular  artery 


Anterior  tibial 
recuri'ent  artery 


Anterior  tibial 
ai'tery 


Gastroeni'niius 


Anterior  tibial 
iierye 


Peronens  breyis 

Extensor  longns 
iligitorum 

Extensor  longus 
hallucis 


Anterior  i)eroneal 
artery 

External 
malleolar  artery 


Tar.sal  arten 


Digital  artery 
Digital  artery 


The  Anterior  Tibial 
Artery. 

The  anterior  tibial 
artery  (a.  tibialis  anterior), 
the  smaller  of  the  two  ter- 
minal divisions  of  the  popli- 
teal, commences  opposite 
the  lower  liorder  of  the  pop- 
liteus  muscle,  and  termi- 
nates in  front  of  the  ankle, 
where  it  is  continued  into 
the  dorsal  artery  of  the  foot. 

Course  and  Relations. 
— From  its  origin  at  the 
back  ,of  the  leg  the  artery 
})asses  forwards  to  the  front, 
between  the  two  uppermost 
slips  of  the  tibialis  posticus 
and  above  tlie  upper  border' 
of  the  interosseous  mem- 
brane. It  then  descends 
resting,  in  the  upper  two- 
thirds  of  its  course,  upon 
the  anterior  surface  of  the 
interosseous  membrane  and,  subsequently,  on  the  shaft  of  the  tibia  and  the  anterior 
ligament  of  the  ankle-joint.  In  the  upper  third  of  the  anterior  compartment  of 
the  leg  it  lies  between  the  extensor  longus  digitorum  externally  and  the  tibiaUs 
anticus  internally ;  in  the  middle  third  it  is  between  the  extensor  longus  hallucis 
and  the  tibialis  anticus  ;  in  the  lower  third  the  extensor  proprius  hallucis  crosses  in 
front  of  the  artery  and  reaches  its  inner  side,  and  the  last  part  of  the  vessel  Hes 


Cutaneous  branch 
Extensor  breyis 
digitorum 


Fir,.  578. — The  Anteuior  Tibial  Akteuy  and  its  Branches. 


THE  ANTEEIOR  TIBIAL  ARTERY. 


823 


between  the  tendon  of  the  extensor  proprius  halhicis  and  the  innermost  tendon  of 
the  extensor  longus  digiti^rum. 

The  anterior  tibial  nerve  is  at  first  well  to  the  outer  side  of  the  artery,  but 
it  soon  passes  in  front  of  the  vessel,  and  it  lies  upon  the  artery  in  its  middle  third ; 
lower  down  the  nerve  is  usually  found  on  the  outer  side  again,  and  at  the  ankle 
it  intervenes  between  the  artery  and  the  innermost  tendon  of  the  extensor  longus 
digitorum. 

Two  Yence  comites,  with  numerous  intercommunications,  accompany  the  artery. 

Obviously  the  anterior  til.iial  artery  is,  at  least  in  its  upper  part,  deeply  placed  ; 
moreover,  its  lateral  muscular  boundaries  overlap  it.  In  the  greater  part  of  its 
extent  it  is,  however,  easily  accessible  from  the  surface ;  and  beyond  being  crossed 
by  the  nerve  and  tendon,  as  already  described,  is  only  covered,  in  addition,  by  skin, 
fascia,  and  the  anterior  annular  ligament. 

Branches. — Close  to  its  origin  the  artery  gives  off  superior  fibular  and  posterior 
tibial  recurrent  branches ;  after  it  reaches  the  front  of  the  leg  it  gives  off  anterior  tibial 
recurrent,  muscular,  cutaneous,  internal  malleolar,  and  external  malleolar  branches. 

(1)  The  superior  fibular  branch  is  a  small  vessel  wliich  may  arise  separately  from  the 
antci'ior  tibial  artery,  or  by  a  common  stem  with  the  posterior  tibial  recurrent ;  occasion- 
ally it  springs  from  the  lower  end  of  the  popliteal  artery,  or  from  the  posterior  tibial. 
It  runs  upwards  and  outwards  behind  tlie  neck  of  the  fibula  and  through  the  fibres  of 
tiie  soleus,  and  it  terminates  in  branches  which  supply  the  soleus,  the  peroneus  longus, 
and  the  skin  of  the  upper  and  outer  part  of  the  leg.  It  anastomoses  with  the  inferior 
external  articular  artery. 

(2)  The  posterior  tibial  recurrent  branch  (a.  recurrens  tibialis  posterior),  also  small, 
and  not  always  present,  runs  upwards  in  front  of  the  popliteus  muscle  to  the  back  of  the 
knee-joint.  It  anastomoses  with  tlie  inferior  articular  bi'anches  of  the  popliteal,  and 
gives  branches  to  the  popliteus  muscle  and  the  superior  tibio-fibular  articulation. 

(.3)  The  anterior  tibial  recurrent  branch  (a.  recurrens  tibialis  anterior)  arises  from  the 
antei'ior  tibial  artery  in  front  of  the  interosseous  membrane.  It  runs  upwards  and  inwaixls, 
between  the  upper  part  of  the  tibialis  anticus  and  tlie  outer  tuberosity  of  the  tibia, 
accompanied  by  the  recurrent  articular  branch  of  the  external  popliteal  nerve,  and  after 
supplying  the  tibialis  anticus  and  the  superior  tibio-fibular  articulation  it  pierces  the 
deep  fascia  of  the  leg  ;  it  is  connected  with  the  anastomoses  round  the  knee-joint  formed 
by  the  articular  branches  of  the  popliteal  artery,  the  descending  branch  of  the  external 
circumflex  artery,  and  the  anastomotic  artery. 

(4)  The  muscular  branches  are  distributed  to  the  muscles  of  the  front  of  the  leg, 
and  a  few  small  Ijranches  also  pass'  backwards  to  the  deep  surface  of  the  tibialis  posticus 
muscle. 

(5)  The  cutaneous  branches  supply  the  skin  of  the  front  of  the  leg. 

(6)  The  intirnal  malleolar  branch  (a.  malleolaris  anterior  medialis)  arises  from  the 
lower  part  of  the  anterior  tibial  artery,  and  is  smaller  than  its  companion  on  the  outer 
side.  It  runs  inwards,  beneath  the  tibialis  anticus  tendon,  ramifies  over  the  internal 
malleolus,  anastomosing  with  branches  of  the  posterior  tibial  artery,  and  is  distributed  to 
the  skin  and  to  the  ankle-joint. 

(7)  The  external  malleolar  branch  (a.  malleolaris  anterior  lateralis),  more  constant 
and  larger  than  the  internal,  passes  outwards  beneath  the  extensor  longus  digitorum 
and  peroneus  tertius  towards  the  external  malleolus.  It  anastomoses  with  the  anterior 
peroneal  and  tarsal  arteries,  and  supplies  the  ankle-joint  and  the  adjacent  articulations. 

Dorsalis  Pedis  Artery  (a.  dorsalis  pedis). — The  dorsal  artery  of  the  foot  is 
the  direct  continuation  of  the  anterior  tibial ;  it  commences  opposite  the  front  of 
the  ankle-joint,  and  extends  to  the  posterior  extremity  of  the  first  interosseous 
space,  where  it  passes  to  the  plantar  aspect  of  the  foot,  and,  anastomosing  with  the 
termination  of  the  external  plantar  artery,  completes  the  plantar  arch. 

It  is  covered  superficially  by  skin  and  fascia,  including  the  inferior  part  of  the 
anterior  annular  ligament,  and  it  is  crossed,  just  before  it  reaches  the  first  inter- 
osseous space,  by  the  innermost  tendon  of  the  extensor  brevis  digitorum.  It  rests 
upon  the  anterior  ligament  of  the  ankle,  the  head  of  the  astragalus,  the  astragalo- 
navicular  ligament,  the  dorsum  of  the  navicular  bone,  the  dorsal  naviculo- 
cuneiform  and  the  inter-suneiform  ligaments  between  the  internal  and  middle 
cuneiform  bones.    On  its  outer  side  is  the  internal  terminal  branch  of  the  anterior 
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tibial  nerve,  whicli  intervenes  between  it 
innermost  tendon  of  the  extensor 


Peroiieus  brevis  - 
Extensor  longiis 
rtigitonii 


Anterior  peroneal 
artery 

External  malleolar 
artery 


Extensor 
brevis 
digitorum 


Tarsal  artery 


Metatarsal . 
artery 


Dors.'il 
interosseons 
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and  the  extensor  brevis  digitorum  and 
digitorum. 


Anterior  tibial 
artery 

Extensor  loiigii,-. 
liallncis 

Tibialis  antious 

Internal 
malleolar  artery 


Dorsalis  pedih 
artery 


Arteria  dorsalis 
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On  its  inner  side  it  is  in 
relation  with  the  tendon 
of  the  extensor  proprius 
hallucis.  Two  venie  com- 
ites,  one  on  each  side, 
accompany  the  artery. 

As  it  passes  through  the 
base  of  the  first  interos- 
seous space  it  lies  Ijetween 
the  two  heads  of  tlie  first 
dorsal  interosseous  muscle, 
and  in  the  sole  of  tlie  foot 
it  is  dorsal  to  the  flexor 
brevis  hallucis. 

Branches.  —  On  the 

dorsum  of  tlic  foot  the  dor- 
saHs  jiedis  iivtery  gives  off 
cutaneous  branches,  the 
tarsal  bi'anch,  the  metatarsal 
branch,  and  the  dorsalis 
hallucis  or  first  dorsal  inter- 
osseous. In  the  sole  of  the 
foot,  and  before  it  unites  with 
the  external  plantar  artery, 
it  gives  off  the  princeps 
hallucis. 

(1)  Cutaneous  branches, 
two  or  tliree  in  numl^er,  are 
distributed  to  the  skin  on 
the  dorsum  and  inner  side  of 
the  foot ;  they  anastomose 
with  branches  of  the  internal 
plantar  artery. 

(2)  The  tarsal  branch  (a. 
tarsea  lateralis)  is  given  off 
opposite  the  head  of  the 
astragalus  ;  it  runs  outwards 
beneath  the  extensor  brevis 
digitorum,  sup2")lyiug  that 
muscle  and  the  tarsal  joints, 
and  anastomoses  M'ith 
branches  of  the  anterior 
peroneal,    metatarsal,  and 

external  plantar  arteries,  and  with  the  external  malleolar  artery. 

(3)  The  metatarsal  artery  (a.  arcuata)  arises  opposite  the  internal  cuneiform  bone. 
It  runs  outwards  on  the  bases  of  the  metatarsal  bones,  beneath  the  long  and  short 
extensor  tendons,  supplies  the  extensor  brevis,  and  anastomoses  with  branches  of  the 
tarsal  and  external  plantar  arteries.  It  gives  off  three  dorsal  interosseous  arteries  (aa. 
metatarse<5e  dorsales)  which  run  downwards  on  the  muscles  which  occupy  the  three  outer' 
interosseous  spaces  to  the  clefts  of  the  toes,  where  each  divides  into  two  collateral  digital 
branches  (aa.  digitales  dorsales)  for  the  adjacent  sides  of  the  toes  bounding  the  cleft  to 
which  it  goes.  The  outer  side  of  the  little  toe  receives  a  branch  from  the  outermost 
dorsal  interosseous  artery.  Each  dorsal  interosseous  artery  gives  off"  a  j^osterior  perforating 
branch  which  passes  through  the  posterior  part  of  the  interosseous  space,  between  the 
heads  of  the  dorsal  interosseous  muscle,  to  anastomose  with  the  plantar  arch,  and  an 
anterior  perforating  branch,  which  descends  through  the  anterior  part  of  the  space  to 
anastomose  with  the  corresponding  plantar  digital  artery. 

(4)  The  dorsalis  hallucis  artery  (first  dorsal  interosseous)  is  continued  forwards 
from  the  dorsal  artery  of  the  foot,  and  runs  on  the  dorsal  surface  of  the  first  dorsal 
interosseous  muscle.  It  ends  by  dividing  into  collateral  dorsal  digital  branches  for  the 
adjacent  sides  of  the  first  and  second  toes.    Before  it  divides  it  usually  gives  off  a 


Fig.  579. — The  Dorsalis  Pedis  Artery  and  its  Branches. 
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doi'sal  digital  branch  which  passes  beneath  the  tendon  of  the  extensoi-  hallucis  to  the 
inner  side  of  the  great  toe. 

(5)  Tlie  princeps  hallucis  (plantar  digital  artery)  springs  from  the  termination  of 
the  dorsalis  j^edis  in  the  sole  of  the  foot;  it  runs  forwards  in  the  plantar  part  of  the 
first  interosseous  space,  and  divides  at  the  interdigital  cleft  into  collateral  digital 
branches  for  the  supply  of  the  adjacent  sides  of  the  first  and  second  toes  on  their  plantar 
aspects.  Before  its  division  it  supplies  a  plantar  digital  branch  to  the  inner  side  of 
the  great  toe. 


THE  VEINS. 

Veins  commence  at  the  terminations  of  the  capillaries.  They  converge  towards 
the  heart,  and  unite  with  one  another  to  form  larger  and  still  larger  vessels,  until 
finally  seven  large  trunks  are  formed  which  open  into  the  auricles  of  the  heart. 
Three  of  these,  the  superior  vena  cava,  the  inferior  vena  cava,  and  the  coronary  sinus, 
belong  to  the  systemic  circulation ;  they  contain  venous  blood,  and  open  into  the 
right  auricle.  The  remaining  four  belong  to  the  imlmonary  circulation  ;  they  return 
arterialised  blood  from  the  lungs,  and  open  into  the  left  auricle. 

In  addition  to  the  systemic  and  pulmonary  veins,  there  is  also  a  third  group  of 
veins,  constituting  the  portal  system,  in  which  blood  from  the  abdominal  part  of 
the  alimentary  canal,  and  from  the  spleen  and  pancreas,  is  conveyed  to  the  liver. 
The  portal  system  is  further  peculiar  in  that  it  both  begins  and  ends  in  capillaries. 
From  its  terminal  capillaries  in  the  liver  the  hepatic  veins  arise,  and  as  these  open 
into  the  inferior  vena  cava  the  blood  of  the  portal  system  is  finally  poured  into  the 
general  systemic  circulation.  The  hepatic  veins  also  receive  blood  supplied  to  the 
liver  by  the  hepatic  arteries. 

PULMONAEY  VEINS. 

The  terminal  pulmonary  veins  (v.  pulmonales.  Figs.  552  and  545),  two  on  each  side, 
open  into  the  left  auricle  of  the  heart.  Their  tributaries  arise  in  capillary  plexuses 
in  the  walls  of  the  pulmonary  alveoli.  By  the  union  of  the  smaller  veins  larger  vessels 
are  formed  which  run  along  the  anterior  aspects'of  the  bronchial  tubes,  and,  uniting 
together,  ultimately  form  a  single  efferent  vessel  in  each  lobe,  which  passes  into  the 
root  of  the  lung.  Thus  there  are  five  main  pulmonary  veins,  but,  immediately 
after  entering  the  root  of  the  lung,  the  vessels  from  the  upper  and  middle  lobes  of 
the  right  lung  join  together,  and  so  only  four  terminal  pulmonary  veins  open  into 
the  left  auricle  of  the  heart.  Neither  the  main  stems  nor  their  tributaries  possess 
valves. 

Relations. — In  the  root  of  the  lung  the  upper  pulmonary  vein  on  each  side  lies 
below  and  in  front  of  the  pulmonary  artery.  The  lower  pulmonary  vein  on  each 
side  is  in  the  lowest  part  of  the  root,  and  it  is  placed  much  farther  back  than  the 
upper  vein. 

On  the  right  side  the  upper  pulmonary  vein  passes  behind  the  superior  vena  cava,  and 
the  lower  behind  the  right  auricle.  They  both  terminate  in  the  upper  and  back  part  of 
the  left  auricle  close  to  the  intei-auricular  septum. 

On  the  left  side  both  upper  and  lower  pulmonary  veins  cross  the  front  of  the  descend- 
ing aorta,  and  they  terminate  in  the  upper  and  back  part  of  the  left  auricle  near  its  left 
border. 

All  four  pulmonary  veins  perforate  the  fibrous  layer  of  the  pericardium,  and  receive 
partial  coverings  of  the  serous  layer  before  they  enter  the  auricle. 

SYSTEMIC  VEINS. 

The  systemic  veins  return  blood  to  the  right  auricle  of  the  heart  through  the 
superior/ vena  cava,  the  inferior  vena  cava,  and  the  coronary  sinus.  The  two  first- 
named  receive  blood  from  the  veins  of  the  body  and  limbs  and  from  most  of  the 
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solid  viscera.  The  coronary  sinus  receives  blood  from  the  veins  of  tlie  walls  of  the 
heart  alone. 

General  arrangement.  —  The  veins  of  the  body  wall  and  linil)s  form  two 
groups — (1)  tlie  superficial  veins;  (2)  the  deep  veins. 

The  superficial  veins,  whicli  commence  in  the  capillaries  of  tlie  skin  and  sub- 
cutaneous tissues,  lie  in  the  superficial  fascia,  and  are  very  numerous.  They 
frequently  anastomose  with  one  another,  and  they  also  communicate  with  the  deep 
veins,  in  wliieh,  after  piercing  the  deep  fascia,  they  terminate.  They  may  or  may 
not  accompany  superficial  arteries. 

The  deep  veins  accompany  arteries,  and  are  known  as  vencc  comites.  The  large 
arteries  have  only  one  accompanying  vein,  but  with  the  medium-sized  and  small 
arteries  there  are  usually  two  ven.e  comites,  which  freely  anastomose  with  each 
other  l)y  short  transverse  branches  of  communication. 

Visceral  veins  usually  accompany  tlie  arteries  whicli  supply  viscera  in  tlie 
head,  neck,  thorax,  and  al)domen.  As  a  rule  there  is  only  one  vein  with  each 
visceral  artery,  and,  with  the  exception  of  those  which  enter  into  the  formation  of 
the  portal  system,  they  terminate  in  the  deep  systemic  veins. 

THE  CORONARY  SINUS  AND  THE  VEINS  OF  THE  HEART. 

Tlie  coronary  sinus  (sinus  coronarius,  Fig.  545)  is  a  short,  init  relatively  wide, 
venpus  trunk  which  receives  the  majority  of  the  veins  of  the  heart.  It  lies  in  the 
inferior  portion  of  the  auriculo-ventricular  sulcus,  between  the  left  auricle  and 
the  left  ventricle,  and  it  is  covered  superficially  l)y  some  of  the  muscular  fil)res  of 
the  auricle. 

It  terminates  in  tlie  lower  and  back  part  of  the  right  auricle,  between  the  orifice 
of  the  inferior  vena  cava  above  and  on  the  right,  and  the  right  auriculo-ventricular 
orilice  below  and  on  the  left;  an  imperfect  valve,  consisting  of  one  or  two  cusps, 
called  the  valve  of  Thebesius,  is  situated  at  the  opening  of  the  sinus  into  the 
auricle. 

The  apertures  of  all  the  tributaries  of  the  coronary  sinus,  except  that  of  the 
oljlirpie  vein,  are  provided  with  valves,  which,  however,  are  frequently  incompetent. 

Tributaries. — (1)  The  great  cardiac  or  left  coronary  vein  (v.  cordis  magna,  Fig.  546) 
commences  at  the  apex  of  the  heart.  It  ascends  in  the  anterior  interventricular  sulcus 
to  the  ain'iculo-ventricular  groove  ;  it  then  turns  to  the  left,  and,  passing  round  the  left 
margin  of  the  heart  into  the  postero- inferior  part  of  the  auriculO-ventricular  groove, 
terminates  in  the  left  extremity  of  the  coronary  sinus.  It  receives  tributaries  from  the 
walls  of  both  ventricles  and  from  the  wall  of  the  lei^t  auricle.  It  also  receives  the  left 
marginal  vein,  which  commences  at  the  lower  extremity  of  the  left  margin  of  the  heart, 
along  which  it  ascends  to  its  termination. 

(2)  Small  cardiac  or  right  coronary  vein  (v.  cordis  parva). — This  vein  is  very  vari- 
able ;  as  a  rule  it  commences  at  the  right  margin  of  the  heart  in  the  auriculo-ventricular 
sulcus,  passes  to  the  left,  and  terminates  in  the  coronary  sinus  near  its  right  end.  It 
receives  tri})utaries  from  the  walls  of  the  right  auricle  and  the  right  ventricle  ;  one  from  the 
latter,  the  rii/ht  mair/inal  i<ein,  ascends  along  the  right  margin  of  the  heart,  and  sometimes 
opens  directly  into  the  right  auricle. 

(3)  The  obliqtue  vein  of  Marshall  (v.  obliqua  atrii  sinistri,  Fig.  545)  is  a  small  venous 
channel  which  descends  obliquely  on  the  i:)osterior  wall  of  the  left  auricle  and  terminates- 
in  the  coronary  sinus.  Its  orifice  is  not  provided  with  a  valve.  It  is  of  special  interest, 
inasmuch  as  it  represents  the  left  superior  vena  cava  of  some  other  mammals,  and  is 
developed  from  the  left  duct  of  Cnvier. 

(4)  The  inferior  interventricular,  inferior  cardiac,  or  middle  cardiac  vein  (v.  cordis 
media),  conunenccs  at  the  apex  of  the  heart,  and,  passing  backwards  in  the  inferior 
interventricular  sulcus,  terminates  in  the  right  end  of  the  coronary  sinus.  It  receives 
tributaries  from  the  inferior  parts  of  the  walls  of  both  ventricles. 

Veins  of  the  heart  which  do  not  end  in  the  coronary  sinus.  —  {a)  The  anterior- 
cardiac  veins  (vv.  cordis  auteriores)  are  two  or  three  small  vessels  which  ascend  on  the 
anterior  wall  of  the  right  ventricle  to  the  auriculo-ventricular  groove,  where  tliey 
cither  end  separately  in  the  right  auricle  or  terminate  in  the  commencement  of  the 
small  cardiac  vein,     (h)  The  ve-nm  lainimoi  cordis. — A  number  of  small  veins  which 
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commence  in  the  substance  of  the  walls  of  the  heart,  and  terminate  directly  in  its  cavities, 
principally  in  the  auricles  ;  some  few,  however,  open  into  the  ventricles. 

THE  SUPERIOR  VENA  CAVA  AND  ITS  TRIBUTARIES. 
The  superior  vena  cava  (Figs.  551  and  552)  returns  the  blood  from  the  head 
and  neck,  the  upper  extremities,  the  thoracic  wall,  and  a  portion  of  the  upper  part  of 
the  posterior  wall  of  the  abdomen.  It  is  formed,  immediately  behind  the  lower  part 
of  the  first  right  costal  cartilage,  by  the  union  of  the  two  innominate  veins,  and  it 
descends,  with  a  slight  convexity  to  the  right,  to  the  level  of  the  third  right  costal 
cartilage,  where  it  opens  into  the  upper  and  back  part  of  the  right  auricle.  It  is 
about  three  inches  (7"5  cm.)  long;  in  the  lower  half  of  its  extent  it  is  enclosed 
within  the  fibrous  layer  of  the  pericardium,  and  it  is  covered  in  front  and  later- 
ally by  the  serous  layer. 

Relations. — It  is  overlajiped  in  front  by  the  margins  of  the  right  lung  and  pleural 
sac  and  by  tlie  ascending  aorta.  The  lung  and  pleura  intervene  between  it  and  the 
second  and  third  costal  cartilages,  the  internal  intercostal  muscles  in  the  first  and  second 
intercostal  spaces,  and  the  internal  mammary  vessels.  It  is  in  relation  behind  with  the 
right  vagus  nerve,  the  vena  azj^gos  major,  the  right  bronchus,  the  right  pulmonary  artery, 
and  the  upper  right  pulmonary  vein.  On  its  left  side  are  the  commencement  of  the 
innominate  artery  and  the  ascending  portion  of  the  aorta,  whilst  on  the  right  side  it  is 
in  close  relation  with  the  right  pleura,  the  phrenic  nerve  and  comes  nervi  phrenici 
vessels  intervening. 

Tributaries.  —  In  addition  to  the  two  innominate  veins,  by  the  union  of  which  it  is 
formed,  the  superior  vena  cava  only  receives  one  large  tributary,  viz.  the  vena  azygos 
major  ;  but  several  small  pericardial  and  mediastinal  veins  open  into  it. 

The  Azygos  Veins.' 

The  vena  azygos  major  (v.  azygos,  Fig.  592)  commences  either  from  the  back  of 
the  inferior  vena  cava,  at  the  level  of  the  right  renal  vein,  or  as  the  direct  upward 
continuation  of  an  anastomosing  channel  which  connects  together  the  lumbar 
veins  of  the  right  side,  and  which  is  known  as  the  right  ascending  lumbar  vein. 
The  great  azygos  vein  ascends  through  the  aortic  orifice  of  the  diaphragm,  and 
is  continued  upwards  through  the  posterior  mediastinum.  In  the  upper  part  of 
its  course,  it  first  passes  behind  and  then  arches  forwards  above  the  root  of  the 
right  lung  to  its  termination  in  the  posterior  part  of  the  superior  vena  cava, 
immediately  bsfore  the  latter  vessel  pierces  the  pericardium.  It  frequently 
possesses  imperfect  valves. 

Relations. — In  the  abdomen  it  lies  on  the  bodies  of  the  upper  lumbar  vertebrne, 
behind  the  right  crus  of  the  diaphragm  and  the  inferior  vena  cava,  and  to  the  right  side 
of  the  thoracic  duct. 

In  the  thorax  it  lies  on  the  bodies  of  the  lower  eight  dorsal  vertebraj,  the  intervening 
discs,  and  the  anterior  common  ligament,  and  it  crosses  in  front  of  the  right  aortic  inter- 
costal arteries.  In  the  lower  part  of  the  posterior  mediastinum  it  is  covered  in  front  by  the 
right  pleura  and  lung  ;  at  a  higher  level  it  is  overlapped  by  the  right  margin  of  the  oeso- 
phagus, and  immediately  before  its  termination  it  is  crossed  by  tlie  root  of  the  right  lung. 

On  its  right  side  it  receives  the  right  posterior  intercostal  veins.  On  its  left  side  it  is 
in  relation,  in  the  greater  part  of  its  extent,  with  the  thoracic  duct  and,  as  it  arches  for- 
wards over  the  root  of  the  lung,  with  the  right  vagus  nerve.  About  the  level  of  the  seventh 
dorsal  vertebra  it  receives  the  vena  azygos  minor  superior,  whilst  at  the  level  of  the 
eighth  dorsal  vertebra  tlie  vena  azygos  minor  inferior  opens  into  it. 

In  addition  to  the  left  azygos  veins  it  receives  the  right  posterior  intercostal  veins, 
except  that  from  the  first  space  but  including  the  right  superior  intercostal  vein,  the 
right  subcostal  vein,  and,  tlirough  the  ascending  lumbar  vein,  the  upper  right  lumbar 
veins.  It  also  receives  tiic  rioht  bronchial  veins  and  some  small  oesophageal,  pericardial, 
and  mediastinal  tributaries. 

The  vena  azygos  minor  superior  (v.  hemiazygos  accessoria)  is  formed  by  the  union  of 
the  fourth,  fifth,  sixth,  and  seventh  left  posterior  intercostal  veins.  It  lies  in  the  posterior 
mediastinum  on  the  left  sides  of  the  bodies  of  the  fifth,  sixth,  and  seventh  dorsal  vertebrae, 
and  crosses  the  spine  from  left  to  right  opposite  the  body  of  the  seventh  dorsal  vertebra, 
passing  behind  the  aorta,  oesophagus,  and  thoracic  duct ;  it  terminates  in  the  vena  azygos 


828 


THE  VASCULAE  SYSTEM. 


major.  It  receives  the  left  bronchial  veins,  some  small  posterior  mediastinal  veins  also 
open  into  it,  and  it  communicates  Avith  the  left  superior  intercostal  vein. 

The  vena  azygos  minor  inferior  (v.  hemi-azygos)  commences  in  the  epigastric  region. 
At  its  origin  it  is  connected  either  with  the  left  ascending  lumbar  vein  or  with  the  left  renal 
vein.  After  piercing  the  left  cms  of  the  diaphragm  it  ascends  on  the  left  sides  of  the 
bodies  of  the  lower  dorsal  vertebra),  and  opposite  the  eighth  dorsal  vertebra  it  turns  to  the 
right,  crosses  the  front  of  the  spine  behind  the  aorta,  oesophagus,  and  thoracic  duct,  and 
terminates  in  the  vena  azygos  major.  As  it  ascends  in  the  posterior  mediastinum  it 
lies  internal  to  the  sympathetic  cord,  behind  the  roots  of  the  splanchnic  nerves,  and 
superficial  to  the  lower  left  intercostal  arteries.  Through  the  left  ascending  lumbar 
vein  it  receives  blood  from  the  upper  lumbar  veins  of  tlie  left  side  ;  the  lower  four 
posterior  intercostal  veins,  the  left  subcostal  vein,  and  small  mediastinal  tributaries  also 
terminate  in  it. 

Not  infrequently  the  upper  and  lower  minor  azj'gos  veins  unite,  opposite  the  seventh 
or  eighth  dorsal  vertebra,  to  form  a  common  trunk  which  terminates  in  the  azygos  major. 

The  bronchial  veins  do  not  quite  correspond  to  the  bronchial  arteries,  and  they  are 
not  found  on  the  walls  of  the  smallest  bronchi.  On  each  side  the  tributaries  run  in  front 
of  and  behind  the  bronchial  tubes  to  the  root  of  the  lung,  where  they  unite',  as  a  rule, 
into  two  small  trimks ;  those  of  the  right  side  open  into  the  vena  azygos  major,  and  those 
of  the  left  into  the  vena  azygos  minor  superior,  or  into  the  left  superior  intercostal  vein. 
On  both  sides  they  are  joined  by  tracheal  and  posterior  mediastinal  veins.  Some  few 
small  bronchial  veins,  including  most  of  those  from  the  smaller  tubes,  open  into  the 
pulmonary  veins. 

Intercostal  Veins. — There  are  two  sets  of  intercostal  veins  (vv.  intercostales),  the 
anterior  and  the  posterior. 

The  anterior  intercostal  veins  are  tributaries  of  the  internal  mammary  or  of  the 
musculo-phrenic  veins,  and  arc  described  Avith  those  vessels  (p.  829). 

The  posterior  intercostal  veins  (Fig.  592)  are  eleven  in  number  on  each  side.  A 
single  vein  runs  in  each  intercostal  space  ;  it  is  situated  in  the  subcostal  groove  above  the 
corresponding  arter}-. 

On  the  right  side  the  posterior  intercostal  vein  of  the  first  space  accompanies  the 
superior  intercostal  artery  across  the  front  of  the  neck  of  the  first  rib,  and  terminates 
in  the  vertebral  or  innominate  vein.  The  second,  third,  and  fourth  intercostal  veins  of 
the  right  side  unite  together  to  form  a  common  trunk,  the  right  superior  intercostal  vein 
(v.  intercostalis  suprema  dextra),  which  terminates  by  joining  the  vena  azygos  major.  Tlie 
fifth  to  the  eleventh  posterior  intercostal  veins  of  the  right  side  open  separately  in  the 
vena  azygos  major. 

On  the  left  side  the  first  posterior  intercostal  vein  follows  a  course  similar  to  that 
taken  by  the  corresponding  vein  on  the  right  side,  and  terminates  in  the  left  vertebral  or 
innominate  vein.  The  second,  third,  and  fourth  posterior  intercostal  veins  of  the  left  side 
unite  to  form  the  left  superior  intercostal  vein  (v.  intercostalis  suprema  sinistra),  which 
runs  from  behind  forwards  along  the  left  and  anterior  aspect  of  the  aortic  arch.  It  passes 
obli(|uely  between  the  left  vagus  and  phrenic  nerves,  crosses  the  root  of  the  left 
subclavian  artery,  and  ends  in  the  lower  part  of  the  left  innominate  vein.  The  fifth, 
sixth,  seventh,  and  eighth  posterior  intercostal  veins  of  the  left  side  terminate  in  the 
vena  azygos  minor  superior,  and  the  nintli,  tenth,  and  eleventh  in  the  vena  azygos  minor 
inferior. 

Each  posterior  intercostal  vein  is  provided  with  valves,  both  at  its  termination  and 
along  its  course,  which  prevent  the  blood  flowing  towards  the  anterior  aspect  of  the 
thoracic  wall.  Its  tributaries  are  derived  from  the  adjacent  muscles  and  bones,  and  a 
short  distance  from  its  termination  it  receives  a  dorsal  tributary  which  passes  forwards 
to  it  between  the  transverse  processes  of  the  vertebrae.  This  dorsal  vessel  is  formed  by 
the  union  of  small  veins  which  issue  from  the  muscles  of  the  back,  from  the  anterior  and 
postei'ior  spinal  plexuses  which  lie  respectively  in  front  of  the  bodies  and  behind  the 
arches  of  the  vertebrae,  and  by  venous  channels  which  issue  through  the  intervertebral 
foi'amina  ;  the  latter  vessels  commence  in  the  spinal  canal,  where  they  are  connected  with 
the  anterior  and  posterior  spinal  veins. 

The  Innominate  Veins. 

The  innominate  or  brachio-cephalic  veins  (vv.  auouymte  dextra  et  sinistra, 
Figs.  551  and.  552),  two  in  number,  right  and  left,  return  blood  from  the  head  and 
neck,  the  upper  extremities,  the  upper  part  of  the  posterior  wall  of  the  thorax,  the 
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anterior  waU  of  the  thorax,  and  the  upper  part  of  the  anterior  wall  of  the  abdomen. 
Each  innominate  vein  commences  behind  the  sternal  end  of  the  clavicle  of  the 
corresponding  side,  and  is  formed  by  the  union  of  the  internal  jugular  and  sub- 
clavian veins ;  the  two  innominate  veins  terminate  by  uniting  together,  behind  the  • 
lower  border  of  the  cartilage  of  the  first  rib  on  the  right  side,  to  form  the  superior 
vena  cava.  To  reach  this  point  the  left  vein  has  to  pass  from  left  to  right  behind 
the  manubrium  sterni,  and  it  is  therefore  about  three  times  as  long  as  the  right 
vein.    The  innominate  veins  do  not  possess  valves. 

The  right  innominate  vein  is  a  Little  more  than  one  inch  (3  cm.)  in  length. 
It  descends  almost  vertically  to  the  lower  border  of  the  first  costal  cartilage,  and 
terroinates  in  tlie  superior  vena  cava. 

Relations. — It  is  overlapped  in  front  by  the  right  lung  and  pleural  sac,  and  is  in 
relation  with  the  sternal  end  of  the  clavicle  and  the  steroo-hyoid  and  sterno-thyroid 
muscles.  It  partly  overlaps  the  innominate  artery,  which  lies  to  its  left  side,  and  it  is  in 
front  of  the  right  vagus  nerve  and  the  posterior  part  of  the  iipper  end  of  the  right  pleural 
sac.  The  phrenic  nerve  and  the  accompanying  vessels  I'un  along  its  right  side,  and  inter- 
vene between  it  and  the  right  pleural  sac. 

Tributaries. — In  addition  to  the  veins  by  the  union  of  which  it  is  formed,  the  right 
innominate  vein  receives  the  right  vertebral  and  internal  mammary  veins,  and  sometimes 
the  right  inferior  thyroid  vein  and  the  first  right  posterior  intercostal  vein.  The  right 
lymphatic  duct  also  opens  into  it. 

The  left  innominate  vein  passes  from  left  to  right,  with  a  slight  obliquity 
downwards,  behind  the  upper  part  of  the  manubrium  sterni,  to  the  lower  border 
of  the  first  right  costal  cartilage,  where  it  terminates  in  the  superior  vena  cava 
It  is  a  nttle  less  than  three  inches  long  (6  to  7'5  cm.). 

Relations. — It  is  covered  in  front,  in  the  greater  part  of  its  extent,  by  the  left  pleura, 
but  at  its  right  extremity  it  is  slightly  overlapped  by  the  right  pleura,  and  in  the  middle 
line  the  remains  of  the  thymus  gland  intei'vene  between  it  and  the  posterior  surface  of  the 
sternum.  It  rests  posteriorly  upon  the  left  subclavian  artery,  the  left  phrenic,  and  the  left 
vagus  nerves,  the  left  superior  cardiac  branch  of  the  sympathetic,  the  inferior  cervical 
branch  of  the  left  vagus,  the  left  common  carotid  artery,  the  trachea,  and  the  innominate 
artery. 

Its  lower  border  is  in  relation  with  the  arch  of  the  aorta,  and  on  its  upper  border  it 
receives  the  inferior  thyroid  vein  of  one  or  both  sides. 

Tributaries.  —  It  receives  the  vertebral,  internal  mammary,  inferior  thyroid,  and 
superior  intercostal  veins  of  its  own  side,  the  first  left  posterior  intercostal  vein,  and 
some  pericardial,  thymic,  anterior  bronchial,  and  anterior  mediastinal  veins.  Sometimes 
the  i-ight  inferior  thyroid  vein  joins  it,  but  usually  this  vessel  terminates  in  the  right 
innominate  vein  or  in  the  commencement  of  the  superior  vena  cava. 

The  thoracic  duct  opens  into  it  just  at  the  angle  of  junction  of  the  internal  jugular 
and  subclavian  veins. 

Internal  mammary  veins  (w.  mammarise  interna;). — Each  internal  mammary 
artery  is  accompanied  by  venae  comites ;  they  commence  by  the  union  of  the  vense 
comites  of  the  superior  epigastric  and  musculo-phrenic  arteries,  between  the  sixth  costal 
cartilage  and  the  triangularis  sterni,  and  at  the  iipper  part  of  the  thorax  they  fuse  into  a 
single  vessel  which  enters  the  superior  mediastinum  and  ends  in  the  innominate  vein  of  the 
same  side. 

The  tributaries  of  the  internal  mammary  veins  are — (a)  The  venae  comites  of  the 
superior  epigastric  and  musculo-phrenic  arteries,  which  in  their  turn  receive  tributaries 
which  correspond  with  the  branches  of  the  arteries  they  accompany,  (h)  Six  anterior 
perforating  veins  which  accompany  the  corresponding  arteries,  one  lying  in  each  of  the 
upper  six  intercostal  spaces,  (c)  Twelve  anterior  intercostal  veins  from  the  upper  six 
intei'costal  spaces,  two  veins  lying  in  each  space  with  the  corresponding  branches  of  the 
internal  mammary  artery,  (d)  Small  and  irregular  pleural,  muscular,  mediastinal,  and 
sternal  veins. 

The  internal  mammary  veins  are  provided  with  numerous  valves  which  prevent  the 
blood  from  flowing  downwards. 

Superior  epigastric  veins  (w.  epigastricse  superiores). — The  venae  comites  of  the 
superior  epigastric  artery  receive  tributaries  from  the  substance  of  the  rectus  abdominis, 
the  sheath  of  the  nmscle,  and  the  superjacent  skin  and  fascia ;  they  pass  with  the  artery, 
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between  the  sternal  and  costal  origins  of  the  diaphragm,  and  terminate  in  the  internal 
mammary  veins. 

Musculo-phrenic  veins. — The  veme  comites  of  the  nuiscLdo-jDiirenic  artery  com- 
mence in  the  abdomen,  [lass  through  tlie  diaphi'agni  with  the  artery,  and  terminate  in 
the  internal  mamnisiry  veins.  They  receive  as  tributaries  tlie  anterior  intercostal  veins  of 
the  seventh,  eighth,  and  ninth  intercostal  spaces,  and  small  venules  from  the  substance  of 
the  diaphragm. 

Vertebral  Veins  (w.  verteljrales). — These  correspond  only  to  the  extra-crauial 
parts  of  the  verteltral  arteries.  Each  commences  by  the  union  of  offsets  Irom 
the  intraspinal  venous  plexuses,  and,  issuing  from  tlie  spinal  canal,  passes  across 
the  posterior  arch  of  the  atlas  with  the  vertebral  artery  to  the  foramen  in  the 
transverse  process  of  the  atlas.  It  then  descends  through  the  foramina  in  the 
cervical  transverse  processes,  and  breaks  up  into  a  plexus  of  venous  channels  which 
surround  the  artery.  At  the  lower  part  of  the  neck  these  channels  unite  to  form 
a  single  trunk  which  issues  from  the  foramen  in  the  transverse  process  of  the 
sixth  cervical  vertebra,  and  descends,  in  the  interval  between  the  longus  colli  and 
scalenus  auticus  muscles,  to  terminate  in  the  upper  and  l)ack  part  of  the  innominate 
vein,  where  it  possesses  a  uni-  or  bi-cuspidate  valve. 

Relations. — In  the  first  part  of  its  course  the  vein  lies  in  the  suboccipital  triangle. 
The  second,  plexiform  poi'tion,  is  in  the  canal  formed  by  the  foramina  in  the  transverse 
processes  of  the  cervical  vertebrae,  and,  with  tlie  artery  which  it  surrounds,  lies  in  front  of 
the  trunks  of  the  cervical  spinal  nerves.  The  third  part,  in  the  root  of  the  neck,  is 
between  the  longus  colli  and  scalenus  anticus  muscles,  in  front  of  the  first  part  of  the 
vertebral  artery,  and  behind  the  internal  jugular  vein. 

Tributaries. —  In  addition  to  the  offsets  from  the  intraspinal  venous  plexuses  by  the 
union  of  whicii  it  is  formed,  each  vertebral  vein  I'eceives  tlie  following  tributaries  : — (a) 
Small  vessels  which  issue  from  the  muscles,  ligaments,  and  bones  of  the  deeper  parts  of  the 
neck,  and  the  lower  and  back  part  of  the  liead.  (/>)  Offsets  from  the  intraspinal  venous 
plexuses  which  pass  out  of  tiic  spinal  canal  by  the  intervertebral  foramina.  (c)  The 
anterior  deep  cervical  or  anterior  vertebral  vein,  a  vessel  which  is  formed  by  the  union  of 
tributaries  which  issue  from  a  venous  plexus  which  lies  in  front  of  the  bodies  and 
on  the  roots  of  the  transverse  processes  of  the  cervical  vertebrae.  This  vessel  accompanies 
the  ascending  cervical  artery,  and  terminates  in  the  lower  part  of  the  vertebral  vein, 
immediately  after  the  latter  has  issued  from  the  foramen  in  the  sixth  cervical  transvei'se 
process,  {d)  The  posterior  deep  cervical  (v.  cervicalis  profunda)  or  posterior  vertebral 
vein;  this  commences  in  the  suboccipital  triangle  from  a  venous  plexus  with  which 
the  vertebral  and  occipital  veins  communicate.  It  descends  behind  the  transverse 
processes  of  the  cervical  vertebric  in  company  with  the  profunda  cervicis  artery,  turns 
forwards  at  the  root  of  tlie  neck,  between  the  transverse  processes  of  the  sixth  and 
seventh  cervical  vertebne  or  between  the  latter  and  the  neck  of  the  first  rib,  and  opens 
into  the  vertebral  vein.  It  receives  blood  from  the  muscles,  ligaments,  and  bones  of  the 
back  of  the  neck,  (c)  The  posterior  intercostal  vein  from  the  first  intercostal  space  some- 
times opens  into  it. 

Occasionally  the  venous  plexus  round  the  vertebral  artery  ends  below  in  two  terminal 
trunks,  anterior  and  posterior,  instead  of  one.  In  these  cases  the  second  terminal  vessel 
lies  behind  the  lower  part  of  the  vertebral  artery,  passes  through  the  foramen  in  the 
transverse  process  of  the  seventh  cei'vical  vertebi'a,  and  turns  forwards  on  the  outer  side 
of  the  artery  to  join  the  anterior  trunk,  thus  forming  a  common  terminal  vein  whicli 
ends  in  the  usual  manner. 

Inferior  Thyroid  Veins  (vv.  thyreoidecc  iuferiores). — Each  inferior  thyroid 
vein  commences  by  the  union  of  a  series  of  tributaries  which  issue  from  the 
isthmus  and  the  corresponding  lateral  lobe  of  the  thyroid  body.  The  two  veins 
descend  along  the  front  of  the  trachea  into  the  superior  mediastinum,  where  the 
right  inferior  thyroid  vein  terminates  in  the  junction  of  the  two  innominate  veins, 
and  tlie  k'ft  in  the  upiper  part  of  the  left  innominate  vein  ;  or  the  two  veins  unite 
to  form  a  single  trunk,  wliich  usually  ends  in  the  left  innominate  vein,  but  occa- 
sionally in  the  riglit.  In  their  descent  through  the  neck  the  inferior  thyroid  veins 
frequently  anastomose  togetlier,  and  sometimes  these  anastomoses  are  so  frequent 
and  irregular  that  a  venous  ■i)l('xus  is  formed  in  front  of  the  lower  cer\  ical  portion 
of  the  trachea. 
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Internal  jugular  veins  (Figs.'  552  and  582). — Each  internal  jugular  vein  (v. 
jugularis  interna)  commences  in  the  posterior  compartment  of  the  jugular  foramen, 
as  the  direct  cojitinuation  of  the  lateral  sinus,  and  terminates  behind  the 
cartilage  of  the  first  rib  by  uniting  with  the  subclavian  vein  of  the  same  side  to 
form  the  innominate  vein. 

At  its  commencement  it  is  dilated,  forming  tine  bull)  of  the  jugular  vein,  and 
in  this  situation  it  lies  behind  and  somewliat  to  the  outer  side  of  the  internal 
carotid  artery  and  tlie  last  four  cranial  nerves.  As  it  descends  it  accompanies 
first  the  internal  and  then  the  common  carotid  artery  ;  inclining  forwards  during 
its  descent,  it  gradually  passes  from  its  original  position,  l)eliind  and  to  the  outer 
side  of  the  internal  carotid  artery,  and  lies  more  completely  to  the  outer  side  of  the 
internal  and  common  carotid  arteries,  and  indeed  somewhat  overlaps  the  latter  in 
front.  This  is  more  especially  the  case  on  the  left  side,  for  both  internal  jugular 
veins  trend  slightly  towards  the  right  as  they  descend ;  consequently  at  the  root 
of  the  neck  the  right  vein  is  separated  from  the  right  connuon  carotid  artery  by  a 
small  interval  filled  by  areolar  tissue,  whilst  the  left  vein  is  more  directly  in  front 
of  the  corresponding  common  carotid  artery. 

Within  an  inch  of  its  lower  extremity  each  internal  jugular  vein  is  pro- 
vided with  a  valve  consisting  of  one  or  two  cusps,  which,  however,  is  frequently 
incompetent. 

Relations. — The  vein  hes  in  front  of  the  transverse  processes  of  the  cervical  verte- 
brie,  the  rectus  caj)itis  lateralis,  rectus  capitis  anticus  major,  and  scalenus  anticus  muscles, 
the  ascending  cervical  artery,  which  runs  upwards  in  the  interval  between  the  attach- 
ments of  the  two  latter  muscles,  and  the  phrenic  nerve ;  the  suprascapular  and  the 
transverse  cervical  arteries  intervene  between  it  and  the  scalenus  anticus.  At  the  root  of 
the  neck  the  vein  lies  in  front  of  the  first  part  of  the  subclavian  artery  and  the  oiigins 
of  the  vertebral  artery  and  the  thyroid  axis,  and  on  the  left  side  it  is  in  front  of  the 
terminal  part  of  the  thoracic  duct. 

On  the  inner  side  of  the  internal  jugular  vein,  inmiediately  below  the  skull,  are  the 
internal  carotid  artery  and  the  last  four  cranial  nerves;  in  the  rest  of  its  extent  it  is  in 
relation  internally  either  with  the  internal  or  the  common  carotid  artery,  whilst  to  its 
inner  side  and  somewhat  posteriorly,  between  it  and  the  large  arteries,  lies  the  vagus 
nerve. 

Each  internal  jugular  vein  is  covered  in  the  whole  of  its  length  by  the  sterno-mastoid 
muscle  ;  near  its  upper  end  it  is  crossed  by  the  posterior  bell}'  of  the  digastric,  whilst  in 
its  lower  half,  in  addition  to  the  sterno-mastoid,  the  omo-hyoid,  the  sterno-hyoid,  and  the 
sterno-thyroid  muscles  are  supeificial  to  it.  Just  below-  the  transverse  process  of  the  atlas, 
and  under  cover  of  the  sterno-mastoid,  the  vein  is  crossed  on  its  outer  side  by  the  sjjinal 
accessory  nerve  and  by  the  occipital  artery  ;  about  the  middle  of  its  course  it  is  also 
crossed  by  the  communicaus  cervicis  nerve,  and  near  its  lower  end  by  the  anterior  jugular 
vein  ;  the  latter  vessel,  however,  is  separated  from  it  by  the  sterno-hyoid  and  sterno- 
thyi'oid  muscles.    Superficial  to  the  vein  are  immerous  deep  cervical  lymphatic  glands. 

Tributaries. — («)  The  inferior  petrosal  sinus,  which  joins  it  near  its  commencement. 
(f/)  Pharyngeal  branches  from  the  venous  plexus  on  the  wall  of  the  pharynx,  (c)  The 
common  facial  vein,  which  receives  the  facial  vein  and  its  tributaries.  ((/)  The  lingual 
veins  (vv.  lingiiales),  small  venae  comites,  which  conmience  chiefly  in  the  sublingual 
and  dorsalis  lingua;  veins,  and  accompany  the  first  and  second  parts  of  the  lingual  artery, 
(e)  The  ranine  vein,  which  commences  beneath  the  tip  of  the  tongue,  and  accompanies 
at  first  the  two  terminal  parts  of  the  lingual  artery,  and  afterwards  the  hypoglossal 
nerve.  (/')  The  superior  thyroid  vein  (v.  thyreoidca  superioris),  which  accompanies  the 
corresponding  artery.  (//)  The  middle  thyroid  vein,  which  passes  backwards  from  the 
lateral  lobe  of  the  thyroid  body  and  crosses  the  middle  of  the  outer  aspect  of  the  common 
carotid  artery,  (h)  The  occipital  vein  (v.  occipitalis)  occasionally  terminates  in  the 
internal  jugular  vein.  In  many  cases,  however,  it  ends  in  the  suboccipital  plexus,  which 
is  drained  by  the  vertebral  and  deep~^cervical  veins  (see  p.  830). 

The  common  facial  vein  (v.  facialis  communis)  is  formed  by  the  union  of  the  facial 
vein  (v.  facialis  anterior)  with  the  anterior  division,  or  terminal  branch,  of  a  venous 
trunk  which  lies  in  substance  of  the  parotid  gland,  and  which  is  called  the  temporo- 
maxillary  vein  (v.  facialis  posterior).    It  acconipanics  the  first  part  of  the  facial  artei-y 
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in  the  carotid  triangle,  passes  beneath  the  sterno-mastoid,  and  terminates  in  the  anterior 
border  of  the  internal  jugular  vein.  Just  before  it  disappears  beneath  the  sterno-mastoid, 
the  common  facial  vein  frequently  gives  off  a  large  branch,  which  descends  along  the 
anterior  border  of  the  sterno-mastoid  to  the  suprasternal  fossa,  where  it  joins  the 
anterior  jugular  vein. 

The  facial  vein  (v.  facialis  anterior.  Fig.  580)  commences  at  the  inner  angle  of  the 
orbit  in  the  angular  vein,  which  is  formed  by  the  union  of  the  supraorbital  and  frontal 
veins.  It  passes  downwards  and  backwards  on  the  face,  from  the  inner  angle  of  the  orbit 
to  the  lower  and  anterior  j)art  of  the  masseter  muscle,  which  it  crosses,  lying  in  the  same 
plane  as  the  facial  artery,  but  following  a  much  straighter  course.  After  crossing  the 
lower  border  of  the  jaw  it  passes  across  the  submaxillary  triangle,  superficial  to  the 
submaxillary  gland,  by  which  it  is  separated  from  the  facial  artery,  which  here  lies  in  a 
deeper  plane,  and  it  terminates  a  short  distance  below  the  angle  of  the  jaw  by  uniting 
with  the  anterior  division  of  the  temporo-maxillary  vein  to  form  the  common  facial  vein. 

The  facial  vein  receives  tributaries  corresponding  with  all  the  branches  of  the  facial 
artery,  except  the  ascending  palatine  and  the  tonsillar,  which  have  no  accompanying  veins, 
the  blood  from  the  region  which  they  supply  being  returned  for  the  most  part  through 
the  pharyngeal  plexus.  The  facial  vein  also  communicates,  by  means  of  an  anastomosing 
channel,  called  the  deep  facial  vein,  which  passes  backwards  between  the  masseter  and 
buccinator  muscles  into  the  zygomatic  fossa,  with  the  pterygoid  plexus  which  surrounds 
the  external  pterygoid  muscle. 

The  inferior  thyroid  veins  have  already  been  described  (see  p.  830). 

Subclavian  Veins. — The  subclavian  vein  (v.  subclavia)  of  each  side  is  the 
direct  continuation  of  the  main  vein  of  the  upper  extremity,  the  axillary  vein ;  but 
through  its  tributary,  the  external  jugular  vein,  it  also  receives  blood  both  from 
tlie  superficial  and  deep  parts  of  the  head  and  neck. 

From  its  commencement  at  the  outer  border  of  the  first  rib  it  runs  inwards 
below  and  in  front  of  the  corresponding  artery,  from  which  it  is  separated  by  the 
lower  part  of  the  scalenus  anticus  muscle,  and  it  terminates  behind  the  sternal 
end  of  the  clavicle,  in  the  innominate  vein  of  the  corresponding  side.  As  it  passes 
inwards  it  forms  a  slight  curve,  the  convexity  of  which  is  directed  upwards. 

Each  sul)clavian  vein  possesses  a  single -l^icuspid  valve  which  is  situated  imme- 
diately on  the  distal  side  of  the  opening  of  the  external  jugular  vein. 

Relations. — The  subclavian  vein  is  in  relation  in  front  with  the  posterior  layer  of  the 
costo-coracoid  membrane,  which  separates  it  from  the  subclavius  muscle,  and  the  nerve 
to  the  subclavius,  and  with  the  back  of  the  sternal  end  of  the  clavicle,  froni  which  it  is 
separated,  however,  by  the  fibres  of  the  sterno-hyoid  and  sterno-thyroid  muscles. 

It  is  closely  attached  in  front  to  the  posterior  surface  of  the  costo-coracoid  membrane, 
consequently  it  is  expanded  when  the  clavicle  is  moved  forwards,  a  condition  of  affairs 
which  constitutes  a  distinct  danger  when  operations  are  being  performed  in  the  neighbour- 
hood of  the  vein,  for  in  the  event  of  the  vessel  being  wounded,"  forward  movement  of  the 
clavicle  may  cause  air  to  be  sucked  into  the  vein  with  fatal  results. 

Behind  the  vein  are  the  first  and  third  parts  of  the  subclavian  artery,  but  it  is  sepa- 
rated from  the  second  part  by  the  scalenus  anticus.  To  the  inner  side  of  the  anterior 
scalene  the  postei-ior  relations  of  the  vein,  in  addition  to  the  subclavian  artery,  are  the 
upper  part  of  the  internal  mammary  artery,  the  phrenic  nerve,  and  the  cervical  portion  of 
the  pleura. 

It  rests  below  upon  the  upper  surface  of  the  first  rib.. 

Tributaries. — Whilst  the  subclavian  vein  is  the  direct  continuation  of  the  axillary 
vein,  and  receives  the  blood  from  the  upper  extremity,  it  has,  as  a  general  rule,  only  one 
named  tributary,  viz.  the  external  jugular  vein. 

The  external  jugular  vein  (v.  jugularis  externa,  Fig.  580)  is  formed  on  the 
superficial  surface  of  the  sterno-mastoid  muscle,  a  little  below  and  behind  the  angle 
of  the  jaw,  by  the  union  of  the  posterior  auricular  vein  with  the  posterior  terminal 
branch  of  the  temporo-maxillanj  vein.  After  its  formation  the  external  jugular 
vein  descends,  with  a  slight  obliquity  backwards,  to  the  anterior  part  of  the 
subclavian  portion  of  the  posterior  triangle  of  the  neck,  where  it  pierces  the  deep 
fascia,  and,  after  crossing  in  front  of  the  third  part  of  the  subclavian  artery, 
terminates  in  the  subclavian  vein. 
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Whilst  on  the  surface  of  the  steruo-mastoid  muscle  it  is  covered  by  the  super- 
ficial fascia  and  platysma  muscle,  and  it  lies  parallel  with,  and  slightly  in  front  of, 
the  great  auricular  nerve ;  after  crossing  the  transverse  cervical  nerve  it  reaches 
the  posterior  border  of  the  sterno-mastoid,  where  it  receives  a  tributary  called  the 
posterior  external  jugular  vein,  which  commences  in  the  superficial  tissues  of  the 
upper  and  back  part  of  the  neck,  and  runs  downwards  and  forwards  across  the  roof 
of  the  upper  part  of  the  posterior  cervical  triangle  to  its  termination  in  the  external 
jugular  vein. 

As  the  external  jugular  vein  pierces  the  deep  cervical  fascia  in  the  suliclavian 
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Fig.  580. — Superficial  Veins  ok  the  Head  and  Neck. 

triangle,  its  wall  is  closely  attached  to  the  margin  of  the  opening  through  which 
it  passes,  and  as  it  is  crossing  in  front  of  the  third  part  of  the  subclavian  artery  it 
is  joined  by  the  suprascapular,  transverse  cervical,  and  anterior  jugular  veins. 

There  are  usually  two  valves  in  the  lower  part  of  the  vein — one,  which  is 
generally  incompetent,  at  its  termination,  and  a  second  at  a  higher  level ;  this  is 
frequently  competent. 

Tributaries. — In  additiou  to  the  posterior  auricular  vein  and  the  posterior  division 
of  the  temporo-maxillary  vein  by  which  it  is  formed,  the  external  jugular  vein  receives 
the  posterior  external  jugular  vein,  which  has  already  been  described,  the  transverse 
cervical  and  suprascapular  veins  from  the  region  of  the  shoulder,  and  the  anterior 
jugular  vein.    Occasionally  the  cephalic  vein  also  opens  into  it. 
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The  posterior  auricular  vein  (v.  auricularis  posterior,  Fig.  580)  receives  tributaries 
from  the  posterior  parts  of  the  parietal  and  temporal  regions  and  from  the  inner  surface 
of  the  pinna.  It  is  considerably  larger  than  the  posterior  auricular  artery,  which  it  only 
accompanies  in  the  scalp.  At  the  base  of  the  scalp  it  leaves  the  artery  and  descends  in 
the  superficial  fascia,  over  the  upper  part  of  the  sterno-mastoid,  to  open  into  the  commence- 
ment of  the  external  jugular  vein. 

The  posterior  division  of  the  temporo -maxillary  vein  (see  p.  835). 

The  transverse  cervical  and  suprascapular  veins  accompany  the  corresponding 
arteries ;  not  infrequently  they  open  directly  into  the  subclavian  vein. 

The  anterior  jugular  vein  (v.  jugularis  anterior)  commences  over  the  anterior  belly  of 
the  digastric  nniscle,  and  is  formed  by  the  luiion  of  small  veins  from  the  lower  lip  and  the 
submental  region.  It  descends  in  the  superficial  fascia,  at  a  variable  distance  from  the 
middle  line,  and  perforates  the  superficial  layer  of  the  deep  fascia  just  above  the  inner 
end  of  the  clavicle.  It  there  enters  the  space  above  the  manubrivun  sterni,  which  lies 
between  the  first  and  second  laj^ers  of  the  deep  cervical  fascia,  and  which  is  called  Burns's 
space,  where,  after  anastomosing  with  its  fellow  of  the  opposite  side  and  receiving  a 
communication  from  the  facial  vein,  it  turns  outwards,  between  the  sterno-mastoid  super- 
ficially and  the  sterno-hyoid,  sterno-thyroid,  and .  scalenus  anticus  muscles  deeply,  to 
terminate  at  the  outer  border  of  the  latter  muscle  in  the  external  jugular  vein. 

The  Veins  of  the  Scalp. 

The  veins  which  drain  the  l)lood  from  the  superficial  parts  of  the  scalp  are  the 
frontal,  the  supra-orbital,  tlie  superficial  temporal,  the  posterior  auricular,  and  the 
occipital.  The  blood  from  the  deeper  part  of  the  scalp,  in  the  region  of  the 
temporal  fossa  on  each  side,  passes  into  the  deep  temporal  veins,  which  are 
tributaries  of  the  pterygoid  plexus. 

The  frontal  (v.  frontaHs)  and  supra  -  orbital  veins  (v.  supra  -  orbitalis) 
receive  blood  from  the  inner  and  front  part  of  the  scalp.  They  unite  together, 
near  the  inner  angle  of  the  orbit,  to  form  the  angular  vein ;  before  the  union  is 
effected  the  supra-orbital  vein  sends  a  branch  backwards  through  the  supra-orl)ital 
notch  into  the  orbital  cavity,  where  it  terminates  in  the  ophthahnic  vein,  and 
as  this  brancli  passes  through  the  notch  it  receives  the  frontal  diploic  vein 
(p.  836). 

The  superficial  temporal  vein  (v.  temporaUs  superficiahs)  receives  trilju- 
taries  from  the  outer  part  of  the  frontal  region,  from  the  greater  part  of  the 
superficial  area  of  the  temporal  region,  and  from  the  anterior  part  of  the  parietal 
region.  It  passes  downwards,  across  the  posterior  root  of  the  zygoma,  into  the 
parotid  gland,  where  it  unites  with  the  internal  maxillary  vein  to  form  the  temporo- 
maxillary  trunk. 

The  posterior  auricular  vein  (v.  auricularis  posterior)  drains  the  posterior 
portions  of  the  temporal  and  parietal  areas  of  the  scalp.  It  runs  downwards 
across  the  mastoid  portion  of  the  temporal  bone,  and  terminates  in  the  external 
jugular  vein. 

The  occipital  vein  (v.  occipitalis,  Fig.  580)  receives  tributaries  from  the  inner 
and  posterior  part  of  the  parietal  region  and  from  the  occipital  region.  As  a  rule 
it  pierces  the  occipital  origin  of  the  trapezius,  and,  passing  deeply  into  the  sub- 
occipital triangle,  terminates  in  a  plexus  of  veins  which  is  drained  by  the  vertebral 
and  deep  cervical  veins.  It  sometimes  communicates  with  the  external  jugular 
vein,  and  occasionally  an  offset  from  it  accompanies  the  corresponding  artery  and 
ends  in  the  internal  jugular  vein. 

It  generally  receives  the  mastoid  emissary  vein;  one  of  its  tributaries  receives 
the  parietal  emissary  vein,  and  occasionally  an  emissary  vein  from  the  torcular 
Herophili  opens  into  it. 

The  Veins  of  the  Okbit,  the  Nose,  and  the  Pterygo-Maxillary  Kegion. 

The  veins  of  these  three  regions  are  closely  associated  together ;  for  although 
the  orbital  blood  is  returned  for  the  most  part  to  the  cavernous  sinus  by  the 
ophthalmic  vein,  the  latter  vein  is  closely  connected  with  the  pterygoid  plexus 
which  lies  in  the  pterygo-maxillary  region. 
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Veins  of  the  Orbit. — The  veins  of  the  orbit  correspond,  with  the  exception  of 
the  frontal  vein,  with  the  branches  of  the  ophthahiiic  artery,  and  they  gradually 
converge,  as  they  pass  backwards  in  the  orbit,  until  they  form  two  main  trunks,  an 
upper  (v.  ophthalmica  superior)  and  a  lower  (v.  ophthalmica  inferior) ;  these 
terminate,  separately  or  l^y  a  single  trunk,  in  the  anterior  end  of  the  cavernous 
sinus,  to  which  they  pass  through  the  foramen  lacerum  anterius,  and  between  the 
two  heads  of  the  external  rectus  muscle. 

The  superior  ophthalmic  vein  communicates,  at  the  internal  angle  of  the  orbit, 
with  the  angular  vein,  and  the  inferior  ophthalmic  vein  communicates  through  the 
spheno-maxillary  fissure  with  the  pterygoid  plexus. 

Veins  of  the  Nose. — The  veins  of  the  walls  of  the  nasal  cavity  end  partly  in 
the  ethmoidal  tributaries  of  the  superior  ophthalmic  vein,  partly  in  the  septal 
affluent  of  the  superior  coronary  and  in  the  lateral  nasal  veins,  both  of  which  are 
tributaries  of  the  facial  vein ;  but  the  majority  of  the  veins  of  the  nose,  both  from 
the  septal  and  outer  walls,  join  together  to  form  a  spheno-palatine  vein  which 
passes  through  the  spheno-palatine  foramen  and  the  spheno-maxillary  fossa,  and 
terminates  in  the  pterygoid  plexus. 

Pterygoid  Plexus  and  the  Internal  Maxillary  Vein. — The  pterygoid  plexus 
(plexus  pterygoideus)  of  veins  Ues  in  the  zygomatic  and  pterygoid  fossaj.  It  covers 
the  inner  surface  of  the  internal  pterygoid  muscle,  and  surrounds  the  external 
pterygoid.  It  receives  trilnitaries  which  correspond  with  and  accompany  the 
branches  of  the  internal  maxillary  artery — viz.  spheno-palatine,  pterygo-palatine, 
vidian,  infraorbital,  posterior  superior  dental,  posterior  palatine,  buccal,  two  or  three 
deep  temporal,  pterygoid,  masseteric,  and  inferior  dental  veins,  and  the  vena 
comites  of  the  middle  meningeal  artery.  It  communicates  superiorly  with  the 
cavernous  sinus  through  the  foramen  ovale,  anteriorly  with  the  inferior  ophthalmic 
vein  through  the  spheno-maxillary  fissure,  and  between  the  masseter  and  the 
buccinator  with  the  facial  vein  by  the  deep  facial  anastomosing  branch.  It  also 
communicates  posteriorly  and  internally,  on  the  inner  side  of  the  internal  pterygoid, 
with  the  pharyngeal  plexus,  and  it  terminates  posteriorly  in  the  internal  maxillary 
vein. 

The  internal  maxillary  vein  is  a  short  vessel  which  accompanies  the  first  part  of 
the  internal  maxillary  artery,  between  the  spheno-mandibular  ligament  and  the 
neck  of  the  lower  jaw ;  it  enters  the  parotid  gland,  and  terminates  by  uniting  with 
the  superficial  temporal  vein  to  form  the  temporo-maxillary  trunk.  Occasionally 
the  internal  maxillary  vein  is  double. 

The  temporo-maxillary  vein  (v.  facialis  posterior)  is  a  short  trunk  which  is 
formed  in  the  upper  part  of  the  parotid  gland,  behind  the  neck  of  the  jaw, 
by  the  union  of  the  superficial  temporal  and  internal  maxillary  veins.  As  it 
descends  it  lies  superficial  to  the  external  carotid  artery,  and  it  is  crossed  by  the 
cervico-  and  temporo-facial  branches  of  the  facial  nerve.  It  terminates  at  the 
lower  part  of  the  parotid  gland  by  dividing  into  posterior  and  anterior  divisions. 
The  posterior  division  passes  backwards,  perforates  the  deep  cervical  fascia,  and 
unites  on  the  upper  part  of  the  sterno-mastoid  muscle  with  the  posterior  auricular 
vein  to  form  the  external  jugular  vein.  The  anterior  division  passes  downwards 
and  forwards  into  the  carotid  triangle,  where  it  terminates  in  the  common  facial 
vein. 

VENOUS  SINUSES  AND  VEINS  OF  THE  CRANIUM,  AND  OF  ITS 

CONTENTS. 

The  venous  channels  met  with  in  the  cranial  walls  and  cranial  cavity  are : — 

(1)  The  diploic  veins  (vv.  diploicse),  which  lie  in  the  cancellous  tissue  between 
the  outer  and  inner  tables  of  the  cranial  bones. 

(2)  The  meningeal  veins,  which  accompany  the  meningeal  arteries  in  the  outer 
layer  of  the  dura  mater. 

(3)  The  veins  of  the  brain,  which  lie  between  the  folds  of  pia  mater  and  in  the 
subarachnoid  space. 

(4)  The  cranial  venous  sinuses,  channels  which  are  situated  between  the  outer 
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and  inner  layers  of  the  dura  mater;  they  receive  the  blood  from  the  terminal 
cerebral  veins. 

Diploic  and  Meningeal  Veins. 

The  diploic  veins  (vv.  diploicie)  are  anastomosing  spaces  in  the  cancellous 
tissue  of  the  fiat  l)ones  of  the  skull;  they  are  lined  by  endotheHum.  The  number  of 
efferent  vessels  which  emerge  from  these  spaces  is  not  constant,  but  usually  there 
are  at  least  four — viz.  a  frontal,  two  temporal,  anterior  and  posterior,  and  an 
occipital. 

The  frontal  diploic  vein  (v.  diploica  frontalis)  is  one  of  the  most  constant ;  it 
drains  the  anterior  part  of  the  frontal  bone,  and,  passing  through  a  small  aperture 
in  the  upper  margin  of  the  supraorbital  notch,  terminates  in  the  supraorbital 
vein. 

The  anterior  temporal  diploic  vein  (v.  diploica  temporalis  anterior)  drains  the 


Fig.  581. — The  Vkins  of  thr  DiploB. 

posterior  part  of  the  frontal  bone,  and  the  anterior  part  of  the  parietal  bone;  it 
pierces  the  great  wing  of  the  sphenoid,  and  terminates  either  in  the  spheno-parietal 
sinus  or  in  the  anterior  deep  temporal  vein. 

The  posterior  temporal  diploic  vein  (v.  diploica  temporalis  posterior)  drains  the 
posterior  part  of  the  parietal  bone ;  it  runs  downwards  to  the  posterior  inferior 
angle  of  the  parietal  Ijone  and  terminates  in  the  lateral  sinus,  to  which  it  passes 
either  through  a  foramen  in  the  inner  table  of  the  parietal  l)one  or  through  the 
mastoid  foramen. 

The  occipital  diploic  vein  (v.  diploica  occipitalis)  is  usually  the  largest  of  the 
series  ;  it  drains  the  occipital  bone,  and  terminates  either  externally  in  the  occipital 
vein  or  internally  in  the  lateral  sinus. 

Tlie  meningeal  veins  (vv.  meningeje)  commence  in  two  capillary  plexuses, 
a  deep  and  a  superficial.  The  deep  plexus  is  a  wide-meshed  network  in  the  inner 
layer  of  the  dura  mater.  Its  efferent  vessels  terminate  in  the  superficial  plexus. 
The  superficial  plexus  lies  in  the  outer  layer  of  the  dura  mater.  It  consists  of 
numerous  vessels  of  uniform  calibre  which  frequently  anastomose  together,  and 
terminate  in  two  sets  of  efferents ;  of  these,  one  set  terminates  in  the  cranial  blood 
sinuses,  and  the  other  accompanies  the  meningeal  arteries.    The  efferent  meningeal 
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veins  are  peculiar,  inasmuch  as  they  do  not  increase  in  size  as  they  approach  their 
terminations,  and  they  are  irregular  in  their  relations  to  the  arteries ;  as  a  rule  the 
middle  meningeal  arteries  alone  possess  two  vente  comites,  the  other  meningeal 
arteries  usually  having  only  one  accompanying  vein. 

Veins  of  the  Brain. 

The  veins  of  the  brain  include  the  veins  of  the  cerebrum,  of  the  mid-brain,  of 
the  cerebellum,  of  the  pons,  and  of  the  medulla  oblongata.  They  do  not  possess 
valves. 

Veins  of  the  Cerebrum  (vv.  cerebri). — The  cerebral  veins  are  arranged  in 
two  groups,  (a)  the  deep  and  (6)  the  superficial. 

The  deep  veins  issue  from  the  substance  of  the  brain.  The  superficial  veins  lie 
upon  its  surface  in  the  pia  mater  and  the  subarachnoid  space.  The  terminal 
trunks  of  both  sets  pierce  the  arachnoid  membrane  and  the  inner  layer  of  the  dura 
mater,  and  open  into  the  cranial  venous  sinuses. 

(a)  The  deep  cerebral  veins  are  the  choroid  veins,  the  veins  of  the  corpora 
striata,  the  veins  of  Galen,  and  the  inferior  striate  veins. 

Each  choroid  vein  (v.  chorioidea)  is  formed  by  the  union  of  tributaries  which 
issue  from  the  choroid  plexus  in  the  descending  horn  of  a  lateral  ventricle.  It 
ascends  along  the  lateral  border  of  the  velum  interpositum,  and  passes  forwards  in 
the  outer  border  of  that  fold  of  pia  mater  to  the  foramen  of  Monro,  where  it 
receives  efferents  from  the  choroid  plexus  of  the  third  ventricle,  and  ends  by  unit- 
ing with  the  vein  of  the  corpus  striatum  to  form  the  vein  of  Galen. 

The  vein  of  the  corpus  striatum,  on  each  side,  is  formed  by  the  union  of  tributaries 
which  issue  from  the  corpus  striatum  and  from  the  optic  thalamus.  It  runs  for- 
wards between  these  bodies,  in  a  groove  in  the  floor  of  the  lateral  ventricle,  and, 
after  receiving  tributaries  from  the  walls  of  the  anterior  horn  of  the  ventricle, 
including  the  septum  lucidum,  it  terminates  at  the  apex  of  the  velum  interpositum, 
where  it  joins  the  choroid  vein  to  form  the  vein  of  Galen. 

The  veins  of  Galen  are  three  in  number — a  right  and  a  left  vein,  and  the  vena 
magna  Galeui. 

Each  lateral  vein  of  Galen  commences  at  the  apex  of  the  velum  interpositum, 
near  the  foramen  of  Monro,  l)y  the  union  of  the  vein  of  the  corpus  striatum  with 
the  choroid  vein.  The  two  veins  run  backwards  between  the  layers  of  the  velum, 
and  terminate  beneath  the  splenium  of  the  corpus  callosum  by  uniting  to  form  the 
vena  magna  Galeni. 

The  tributaries  wliich  enter  each  vein,  after  its  formation,  are  the  basilar  vein,  the 
efferent  veins  from  the  choroid  plexus  of  the  third  ventricle,  and  veins  from  the  posterior 
part  of  the  corpus  callosum,  the  pineal  body,  the  corpora  quadrigemina,  and  the  walls  of 
the  posterior  cornu  of  the  lateral  ventricle. 

The  vena  magna  Galeni  (v.-  cerebri  magna  [Galeni])  passes  backwards  and 
slightly  upwards  from  its  origin,  and  ends  in  the  anterior  extremity  of  the  straight 
sinus.  In  addition  to  the  two  veins  of  Galen,  by  the  union  of  which  it  is  formed, 
it  receives  tributaries  from  the  posterior  parts  of  the  callosal  convolutions,  from  the 
inner  and  tentorial  surfaces  of  the  occipital  lobes  of  the  brain,  and  from  the  upper 
surface  of  the  cerebellum.  . 

An  inferior  striate  vein  descends  on  each  side  from  the  substance  of  the  corpus 
striatum,  and,  after  passing  through  the  anterior  perforated  space,  ends  in  the 
basilar  vein  (p.  838),  which,  as  already  stated,  is  a  tributary  of  the  corresponding- 
lateral  vein  of  Galen. 

(6)  The  superficial  cerebral  veins  are  more  numerous  and  of  larger  cahbre 
than  the  cerebral  arteries.  They  He  upon  the  surface  of  the  cerebrum,  they  drain 
blood  from  the  cerebral  cortex,  and  they  are  divisible  into  two  sets,  the  superior 
and  the  inferior. 

The  superior  cerebral  veins  (vv.  cerebri  superiores),  twelve  or  more  in  number, 
lie  in  the  pia  mater  and  subarachnoid  space  on  the  upper  and  outer  aspect  of  the 
cerebral  hemispheres.    They  run  inwards  to  the  margin  of  the  longitudinal  fissure, 
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where  they  receive  tributaries  from  the  inner  surface  of  the  hemispheres,  and  they 
terminate  in  the  superior  longitudinal  sinus.  The  anterior  veins  of ,  this  set  are 
small  and  run  transversely  inwards,  but  the  posterior  are  large  and  run  obliquely 
forwards  and  inwards ;  they  are  embedded  for  some  distance  in  the  wall  of  the  sinus, 
and  their  orifices  are  directed  forwards,  against  the  blood-stream. 

The  inferior  cerebral  veins  (vv.  cerebri  iuferiores)  lie  on  the  lower  and  outer 
aspects  of  the  cerebral  hemispheres  ;  they  run  downwards  and  inwards,  and  terminate 
in  the  sinuses  which  lie  at  the  base  of  the  ski]ll — viz.  the  cavernous,  the  superior 
petrosal,  and  the  lateral  sinuses.  One  of  these  veins,  the  superficial  Sylvian  vein, 
runs  along  the  posterior  horizontal  limb  and  stem  of  the  fissure  of  Sylvius  to  the 
cavernous  sinus ;  occasionally  it  is  united  by  an  anastomotic  loop,  known  as  the 
great  anastomotic  vein  of  Trolard,  with  the  superior  longitudinal  sinus,  and  some- 
times by  the  posterior  anastomotic  vein  with  the  lateral  sinus. 

The  anterior  cerebral  vein  of  each  side  lies  in  the  great  longitudinal  fissure  and 
accompanies  the  corresponding  anterior  cerebral  artery  ;  it  receives  tributaries  from 
the  corpus  callosum  and  the  callosal  convolution.  Turning  downwards  round  the 
genu  of  the  corpus  callosum,  it  reaches  the  base  of  the  brain,  and  terminates  in  the 
basilar  vein. 

The  deep  Sylvian  vein  Ues  deeply  in  the  fissure  of  Sylvius ;  it  anastomoses  freely 
with  the  superficial  Sylvian  vein,  receives  tributaries  from  the  Island  of  Eeil  and 
the  adjacent  opercula,  and  terminates  in  the  basilar  vein. 

The  basilar  vein  commences  at  the  anterior  perforated  space  ;  it  is  formed  by  the 
iiuion  of  the  anterior  cerebral  vein  with  the  deep  Sylvian  vein  and  with  the  inferior 
striate  vein.  Passing  backwards  round'  the  crus  cerebri,  it  terminates  in. 'a  vein 
of  Galen.  Its  tributaries  are  derived  from  the  tuber  cinereum,  the  corpus  albicans, 
the  posterior  perforated  space,  the  uncinate  gyrus,  the  inferior  coruu  of  the  lateral 
ventricle,  and  the  crus  cerebri. 

Veins  of  the  Mid-brain. — The  veins  of  the  mid-brain  terminate  for  the  most 
part  in  the  veins  of  Galen. 

Cerebellar  Veins. — These  veins  also  are  divisible  into  two  groups,  the  super- 
ficial and  the  deep.  The  former  are  quite  independent  of  and  much  more 
numerous  than  the  arteries.    They  form  two  sets,  the  superior  and  the  inferior. 

The  superior  superficial  cerebellar  veins  (vv.  cerebelli  superiores)  terminate  in  a 
single  median  or  vermian  efferent  vessel  and  in  several  lateral  efferents.  The 
superior  vermian  vein  runs  forwards  and  ends  in  the  vena  magna  Galeni,  and  the 
lateral  superior  cerebellar  veins  terminate  in  the  lateral  sinuses  or  in  the  superior 
petrosal  sinuses. 

Tlie  inferior  superficial  cerebellar  veins  (vv.  cerebelli  iuferiores)  also  form  a 
small  vermian  and  numerous  lateral  efferents ;  the  former  runs  backwards  and 
joins  either  the  straight  sinus  or  one  of  the  lateral  sinuses,  and  the  latter  end  in 
the  inferior  petrosal  and  occipital  sinuses. 

The  deep  cerebellar  veins  issue  from  the  substance  of  the  cerebellum  and 
terminate  in  the  superficial  veins. 

Veins  of  the  Pons  Varolii. — The  deep  veins  from  the  substance  of  the  pons  pass 
forwards  to  its  anterior  surface,  where  they  become  superficial,  and,  anastomosing 
together,  form  a  plexus  which  is  drained  by  superior  and  inferior  efferent  veins. 
The  superior  efferent  veins  join  the  basilar  vein  ;  the  inferior  efferent  veins  either 
unite  with  the  cerebellar  veins,  or  they  open  into  the  superior  petrosal  sinus. 

Veins  of  the  Medulla  Oblongata. — Deep  veins  of  the  Indb  issue-from  its  sub- 
stance and  end  in  a  superficial  plexus.  This  plexus  is  drained  by  an  anterior  and 
a  posterior  median  vein  and  by  radicular  veins. 

The  anterior  median  vein  is  continuous  below  with  the  corresponding  vein  of  the 
spinal  cord ;  it  communicates  above  with  the  plexus  on  the  surface  of  the  pons. 

The  posterior  median  vein  is  c(miinuous  below  with  the  posterior  median  vein 
of  the  cord,  from  \\hich  it  ascends  to  the  lower  end  of  the  fourth  ventricle,  where 
it  divides  into  two  liranches  which  join  the  inferior  petrosal  or  basilar  sinuses. 

The  radicular  veins  issue  from  the  lateral  parts  of  the  plexus  and  run  with  the 
roots  of  the  last  four  cranial  nerves ;  they  end  in  the  inferior  petrosal  and  occipital 
sinuses. 
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Blood  Sinuses  of  the  Cranium. 

The  venous  sinuses  of  the  cranium  are  spaces  between  the  layers  of  the  dura  mater; 
they  are  hned  by  an  eudothehum  which  is  continuous  with  the  endothehum  of  the 
veins.  They  receive  the  veins  of  the  brain,  communicate  frequently  with  the 
meningeal  veins  and  with  veins  external  to  the  cranium,  and  terminate  directly  or 
indirectly  in  the  internal  jugular  vein.  Some  of  the  cranial  blood  sinuses  are 
unpaired,  others  are  paired. 

Unpaired.  Sinuses. — These  are  the  superior  longitudinal,  the  inferior  longi- 
tudinal, the  straight,  the  circular,  and  the  basilar. 

The  superior  longitudinal  sinus  (sinus  sagittalis  superior)  commences  in  the 
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Fig.  582. — Dissection  op  the  Head  and  Neck,  showing  the  cranial  blood  sinuses  ami  the  upper  part  of  the 

internal  jugular  vein. 

anterior  fossa  of  the  cranium,  at  the  crista  galli,  where  it  communicates  through 
the  foramen  csecum  with  the  veins  of  the  nasal  cavity  or  with  the  angular  vein. 
It  passes  upwards,  then  backwards,  and  finally  downwards  in  the  convex  margin  of 
the  falx  cerebri,  grooving  the  frontal,  parietal,  and  upper  part  of  the  occipital 
bones.  As  it  descends  it  passes  sHghtly  to  the  right  side,  and  it  ends  at  the  level 
of  the  internal  occipital  protuberance  by  becoming  the  right  lateral  sinus.  Instead 
of  passing  to  the  right,  it  occasionally  turns  to  the  left,  and  ends  in  the  left  lateral 
sinus.  In  either  case  its  termination  is  associated  with  a  well-marked  dilatation,  the 
torcular  Herophili,  which  marks  a  confluence  of  sinuses,  and  which  is  lodged  in  a 
depression  at  one  side  of  the  internal  occipital  protuljerance.  The  torcular  is  connected, 
across  the  protuberance,  by  an  anastomosing  channel  with  a  similar  dilatation,  which 
marks  the  junction  of  the  straight  sinus  with  the  lateral  sinus  of  the  opposite  side. 
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Opening  into  the  superior  longitudinal  sinus  are  the  superior  cerebral  veins,  and 
it  communicates  on  eacli  side  by  small  openings  with  a  series  of  spaces  in  the  dura 
mater,  the  lacunae  laterales,  into  which  the  Pacchionian  bodies  (arachnoidal  villi) 
project.  It  also  communicates,  by  emissary  veins  which  pass  through  the  foramen 
csecum  and  through  each  parietal  foramen  (emissarium  parietale),  with  the  veins 
on  the  exterior  of  the  cranium.  Its  cavity,  which  is  triangular  in  transverse  section, 
is  crossed  l^y  several  fibrous  strands  called  the  chordae  Wilhsii. 

The  inferior  longitudinal  sinus  (siniis  sagittalis  inferior)  lies  in  the  posterior 
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Fig.  583. — Basal  Blood  Sinuses  of  the  Duha  Mateh. 


two-tliirds  of  the  lower  free  margin  of  the  falx  cerebri.  It  terminates  posteriori}- 
by  joining  with  the  vena  magna  Galeni  to  form  the  straight  sinus.  It  is  circular 
in  transverse  section,  and  it  receives  tributaries  from  the  falx  cerebri  and  from  the 
inner  surface  of  the  middle  third  of  each  cerebral  hemisphere. 

The  circular  sinus  (sinus  circularis)  is  situated  in  tlie  pituitary  fossa,  and  sur- 
rounds the  pituitary  l>ody.  It  is  usually  formed  l)y  anterior  (sinus  intercavernosus 
anterior)  and  posterior  (sinus  intercavernosus  posterior)  transverse  channels  which 
pass  across  tlie  pituitary  fossa  from  one  cavernous  sinus  to  tlie  other. 
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The  basilar  sinus  (plexus  l)asilari.s). — The  term  basilar  sinus  is  applied  to  a 
venous  plexus  situated  in  the  dura  mater  on  the  basilar  part  of  the  occipital  bone. 
It  connects  the  posterior  ends  of  the  cavernous  or  the  anterior  ends  of  the  inferior 
petrosal  sinuses  together,  and  commxmicates  below  with  the  anterior  spinal  veins. 

The  straight  sinus  (sinus  rectus)  is  formed  by  the  union  of  the  inferior  longi- 
tudinal sinus  with  the  great  vein  of  Galen.  It  runs  downwards  and  backwards, 
along  the  Hue  of  attachment  of  the  falx  cerebri  to  the  tentorium  cerebelli.  As  a 
general  rule  it  tui-ns  to  the  left  at  the  internal  occipital  protul)erance,  dilates  some- 
what, and  becomes  continuous  with  the  left  lateral  sinus,  its  dilatation  being  united 
with  the  corresponding  dilatation  on  the  lower  end  of  the  superior  longitudinal 
sinus— the  torcular  Herophili — hj  a  transverse  anastomosing  channel.  Occasion- 
ally the  straight  sinus  terminates  in  the  right  lateral  sinus,  and  in  that  case  the 
superior  longitudinal  sinus  ends  in  the  left  lateral  sinus.  It  receives  some  of  the 
superior  cerebellar  veins  and  a  few  tributaries  from  the  falx  cerebri. 

Paired  Sinuses. — There  are  six  pairs  of  sinuses — viz.  the  lateral,  the  occipital, 
the  cavernous,  the  superior  petrosal,  the  inferior  petrosal,  and  the  spheno-parietal. 

Lateral  Sinuses. — Each  lateral  sinus  (sinus  transversus)  commences  at  the 
internal  occipital  protuljerance,  the  right  usually  as  the  continuation  of  the  superior 
longitudinal,  and  the  left  as  the  continuation  of  the  straight  sinus.  Each  passes 
outwards  in  the  outer  border  of  the  tentorium  cerebelli  and  in  a  groove  in  the 
occipital  bone.  From  the  lateral  angle  of  the  occipital  bone  it  passes  on  to  the 
posterior  inferior  angle  of  the  parietal  bone,  which  it  grooves ;  then  it  leaves  the 
tentorium  and  turns  downwards  on  the  inner  surface  of  the  mastoid  portion  of  the 
temporal  bone  ;  from  the  latter  it  passes  to  the  upper  surface  of  the  jugular  process 
of  the  occipital  bone,  and  turns  forwards  and  then  downwards  into  the  jugular 
foramen,  where  it  becomes  continuous  with  the  internal  jugu^lar  vein. 

Its  tributaries  are  some  of  the  superior  and  inferior  cerebellar  veins,  a,  posterior 
diploic  vein,  and  the  superior  petrosal  sinus.  It  is  connected  with  the  veins  out- 
side the  cranium  by  emissary  veins  which  pass  through  the  mastoid  and  posterior 
condylar  foramina. 

The  occipital  sinuses  (sinus  occipitales)  lie  in  the  attached  border  of  the  falx 
cerebelli  and  in  the  dura  mater  along  the  postero-lateral  boundaries  of  the  foramen 
magnum ;  frequently  they  unite  above  and  open  by  a  single  channel  into  the  com- 
mencement of  either  the  right  or  the  left  lateral  sinus,  but  their  upper  extremities 
may  remain  separate,  and  then  each  communicates  with  the  commencement  of  the 
lateral  sinus  of  its  own  side.  They  open  below  into  the  terminal  part  of  the  corre- 
sponding lateral  sinuses,  and ,  they  communicate  with  the  posterior  spinal  veins. 
Each  occipital  sinus  is  an  anastomosing  channel  between  tTae  upper  and  lower 
extremities  of  the  lateral  sinus  of  the  same  side,  and  each  receives  a  few  inferior 
cerebellar  veins. 

The  cavernous  sinuses  lie  at  the  sides  of  the  body  of  the  sphenoid  bone.  Each 
sinus  (sinus  cavernosus)  commences  anteriorly  at  the  inner  end  of  the  sphenoidal 
fissure,  where  it  receives  the  corresponding  ophthalmic  vein,  and  it  terminates  at 
the  apex  of  the  petrous  portion  of  the  temporal  bone  by  dividing  into  the  superior 
and  the  inferior  petrosal  sinuses.  Its  cavity,  which  is  irregular  in  size  and  shape, 
is  so  divided  by  numerous  fibrous  strands  that  it  assumes  the  appearance  of 
cavernous  tissue,  and  in  its  outer  wall  are  embedded  the  internal  carotid  artery 
with  its  sympathetic  plexuses,  the  third,  fourth,  first  and  second  divisions  of  the 
fifth,  and  the  sixth  cranial  nerves.  Its  tributaries  are  the  spheno-parietal  sinus 
and  the  inferior  cerebral  veins,  including  the  superficial  Sylvian  vein.  It  com- 
municates with  the  opposite  cavernous  sinus  by  means  of  the  circular  sinus ;  with 
the  pterygoid  plexus  in  the  zygomatic  fossa  by  an  emissary  vein  which  passes 
either  through  the  foramen  ovale  or  through  the  foramen  Vesahi ;  with  the  internal 
jugular  vein  by  small  venous  channels  whicli  accompany  the  internal  carotid  artery 
through  the  carotid  canal,  and  by  the  inferior  petrosal  sinus ;  with  the  lateral 
sinus  by  the  superior  petrosal  sinus,  and  through  the  ophthalmic  vein  with  the 
angular  vein. 

The  spheno-parietal  sinuses  (s.  spheno-parietales)  are  lodged  in  the  dura  mater 
on  the  under  surfaces  of  the  small  wings  of  the  sphenoid  bone  close  to  their  posterior 
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borders.  Each  sinixs  comniuiiicates  with  the  middle  meningeal  veins,  receives  veins 
from  the  dura  mater,  and  terminates  in  the  anterior  part  of  the  corresponding 
cavernous  sinus. 

Superior  Petrosal  Sinuses. — Each  superior  petrosal  sinus  (s.  petrosus 
superior)  commences  at  the  apex  of  the  petrous  portion  of  the  temporal  bone  in 
the  posterior  end  of  the  corresponding  cavernous  sinus.  It  runs  backwards  and 
outwards  in  the  attached  margin  of  the  tentorium  cerebelli,  above  the  fifth  cranial 
nerve,  and  grooves  the  upper  border  of  the  petrous  portion  of  the  temporal  bone, 
at  the  outer  extremity  of  which  it  terminates  in  the  lateral  sinus  at  the  point  where 
the  latter  is  tru'ning  downwards  on  the  inner  surface  of  the  mastoid  portion  of  the 
temporal  l)one.  It  receives  inferior  cerebral,  superior  cerebellar,  tympanic,  and 
diploic  veins. 

Inferior  Petrosal  Sinuses. — An  inferior  petrosal  sinus  (s.  petrosus  inferior) 
commences  at  the  posterior  end  of  each  cavernous  sinus ;  it  runs  backwards,  out- 
wards, and  downwards  in  the  posterior  fossa  of  the  cranium,  in  a  groove  along  the 
lower  margin  of  the  petrous  portion  of  the  temporal  bone  and  the  adjacent  border 
of  the  basilar  portion  of  the  occipital  bone,  to  the  anterior  compartment  of  the 
jugular  foramen  of  the  same  side,  through  which  it  passes.  It  crosses  the  last  four 
cranial  nerves  either  externally  or  internally,  and  it  terminates  in  the  internal 
jugular  vein.  Its  tributaries  include  inferior  cerebellar  veins  and  veins  from  the 
internal  ear,  which  pass  to  it  through  the  internal  auditory  meatus,  the  aqueductus 
cochlea,  and  the  aqueductus  vestibuli. 

The  Spinal  Veins. 

The  spinal  veins  inchide — 

(1)  The  extra-spinal  veins. 

(a)  The  anterior  spinal  plexus. 

(b)  „    posterior  ,, 

(2)  The  veins  of  the  bodies  of  the  vertebrse. 

(3)  The  intra-spinal  veins. 

(a)  The  anterior  longitudinal  veins. 

(b)  „    posterior         ,,  ,, 

(4)  The  veins  of  the  spinal  cord. 

The  anterior  spinal  plexus  lies  in  front  of  the  bodies  of  the  vertebrae.  It  consists 
of  a  number  of  relatively  small  anastomosing  channels,  which  communicate  with  the 
veins  of  the  bodies  of  the  vertebra;,  and  which  receive  tributaries  from  the  adjacent 
muscles  and  ligaments.  Its  efferent  vessels  terminate  in  the  cervical  region  in  the  anterior 
deep  cervical  vein,  in  the  dorsal  region  in  intercostal  veins,  in  the  lumbar  region  in  the 
lumbar  veins,  and  in  the  sacral  region  in  the  lateral  sacral  veins. 

The  posterior  spinal  plexus  consists  of  numerous  anastomosing  venous  channels 
Avhich  lie  on  the  lamina;  and  round  the  spines  and  the  articular  and  transverse  processes 
of  the  vertebrae.  The  plexus  receives  tributaries  from  the  muscles  and  skin  of  the 
back,  and  communicates,  through  the  ligamenta  subfiava,  with"  the  posterior  longitudinal 
spinal  veins  in  the  interior  of  the  spinal  canal.  Its  efterent  vessels  pass  between  the 
transverse  processes  of  the  vertebrae,  or  through  the  sacral  foramina,  and  terminate  in 
the  vertebral,  the  intercostal,  the  lumbar,  and  the  lateral  sacral  veins  respectively. 

Veins  of  the  Bodies  of  the  Vertebrae. — The  cancellous  tissue  of  the  bodies  of  the 
vertebrae  is  permeated  by  large  venous  channels  which  conununicate  anteriorly  with  the 
anterior  spinal  plexus.  These  channels  terminate  posteriorly  in  the  veme  basis  vertebrce, 
which  open  into  transverse  anastomosing  vessels  which  connect  the  anterior  longitudinal 
spinal  veins. 

Anterior  Longitudinal  Spinal  Veins.  — Two  anterior  longitudinal  spinal  veins  collect 
blood  from  the  bodies  of  the  vertebrfe,  from  the  adjacent  ligaments,  and  from  the  spinal 
dura  mater.  They  are  plexiform  vessels  which  extend  from  the  foramen  magnum,  behind 
the  bodies  of  the  vertebrae  and  along  the  margins  of  the  posterior  common  ligament,  to 
the  coccyx,  and  they  are  connected  together,  opposite  each  vertebral  body,  by  transverse 
anastomoses  which  lie  between  the  posterior  common  ligament  and  the  bodies  of  the 
vertebrae ;  these  transverse  anastomoses  are  greatly  dilated  opposite  the  centres  of  the 
bodies  where  they  receive  the  venae  basis  vertebrae.  Each  anterior  longitudinal  spinal 
vein  communicates  round  the  margin  of  the  canal  with  the  corresponding  posterior  vein. 
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and  it  gives  off  efferent  vessels  which  pass  through  the  intervertebral  foramina  to 
terminate,  according  to  the  region  in  wliich  they  are  placed,  in  the  vertebral,  intercostal, 
lumbar,  or  lateral  sacral  veins. 

Superioi'ly  the  anterior  longitudinal  spinal  veins  give  off  large  offsets,  above  the  arch 
of  the  atlas,  which  form  the  commencement  of  the  vertebral  veins  ;  through  the  foramen 
magnum  they  communicate  with  the  basilar  and  with  the  occipital  sinuses. 

The  posterior  longitudinal  spinal  veins  are  placed,  one  on  each  side,  between  the 
dura  mater  anteriorly  and  the  laminae  and  ligamenta  subflava  posteriorly.  They  are 
plexiform  vessels  which  extend  along  the  whole  length  of  the  spinal  canal.  They  receive 
tributaries  fi"om  the  laminte,  ligaments,  and  spinal  membranes,  and  from  a  post-vertebral 
plexus  of  veins  which  lies  between  the  laminaj  of  the  vertebrae  and  the  deep  muscles  of 
the  back ;  they  anastomose  with  each  other  by  transverse  channels  which  pass  across  the 
laminae,  with  the  posterior  spinal  plexus  by  vessels  which  pierce  the  ligamenta  subflava, 
and  with  the  anterior  longitudinal  veins  round  the  margins  of  the  canal.  Their  efferent 
vessels  unite  with  those  of  the  anterior  longitudinal  veins,  and  terminate  with  them. 

By  means  of  the  longitudinal  spinal  veins  and  the  anastomoses  between  them,  a 
venous  ring  is  formed  within  the  spinal  canal  opposite  each  vertebra.  Commencing  in 
front,  opposite  the  body  of  the  vertebra,  where  it  receives  the  vena  basis  vertebra,  it  passes 
outwards  to  the  anterior  longitudinal  spinal  vein,  turns  backwards  along  the  inner  side 
of  the  pedicle  and  the  inner  surface  of  the  lamina  to  the  posterior  longitudinal  vein,  and 
is  completed  by  the  anastomosis  between  the  posterior  longitudinal  veins.  This  ring- 
communicates  through  the  ligamenta  subflava  with  the  posterior  spinal  plexus,  and 
through  the  intervertebral  foramina  with  the  vertebral,  with  the  dorsal  tributaries  of 
the  intercostal  or  lumbar  veins,  or  with  the  lateral  sacral  veins,  according  to  the  region 
in  which  it  lies. 

Superiorly  the  posterior  longitudinal  spinal  veins  communicate  with  the  occipital 
sinuses,  and  as  these  also  communicate  with  the  anterior  spinal  veins,  and  the  latter 
with  the  basilar  sinus,  a  venous  ring  is  completed  round  the  foramen  magnum. 

Veins  of  the  Spinal  Cord. — The  veins  of  the  spinal  cord,  issue  from  the 
substance  of  the  cord,  and  terminate  in  a  plexus  in  the  pia  mater.  In  this  plexus 
there  are  six  longitudinal  channels  —  one  antero -median,  along  the  anterior 
fissure,  two  antero -lateral,  immediately  behind  the  anterior  nerve  roots,  two 
postero-lateral,  inunediately  behind  the  posterior  nerve  roots,  and  one  postero- 
median, over  the  postero-septum.  Eadicular  efferent  vessels  issue  from  the  plexus, 
and  pass  along  the  nerve  roots  to  communicate  with  the  efferent  vessels  from  the 
anterior  and  posterior  longitudinal  spinal  veins,  and  to  terminate  in  them. 
The  veins  of  the  spinal  cord  .vary  very  much  in  size,  but  they  are  largest  on  the 
lower  and  on  the  posterior  portions  of  the  cord. 

The  postero-median  and  antero-median  veins  are  continued  above  into  the 
corresponding  veins  of  the  medulla  oljlongata. 

The  antero-lateral  and  postero-lateral  veins  pour  their  blood  partly  into  the 
median  veins  and  partly  into  the  radicular  veins ;  indeed,  the  greater  part  of  the 
blood  from  the  spinal  cord  is  returned  by  the  latter  veins. 

THE  VEINS  OF  THE  UPPER  EXTREMITY. 

The  veins  of  each  upper  extremity  are  divisible  into  two  sets — viz.  superficial  and 
deep.  Both  sets  open  eventually  into  a  common  terminal  trunk  which  is  known 
as  the  axillary  vein.  This  vein  is  therefore  the  chief  efferent  stem  of  the  upper 
extremity.  It  is  continued  as  the  subclavian  vein  to  the  innominate  vein,  and  its 
blood,  together  with  that  of  the  corresponding  side  of  the  head  and  neck,  reaches 
the  superior  vena  cava. 

The  Deep  Veins  of  the  Upper  Extremity. 

The  deep  veins,  with  the  exception  of  the  axillary  vein,  are  arranged  in  pairs 
which  accompany  the  different  arteries  and  are  similarly  named.  So  far  as  these 
veins  (vente  comites)  are  concerned  it  will  be  sufficient  to  state  that  they  are  pro- 
vided with  several  valves,  that  they  are  situated  one  on  either  side  of  the  artery 
with  which  they  are  associated,  and  that  they  are  usually  united  together  by 
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numerous  transverse  anastomoses  which  cross  in  front  of  or  behind  the  artery. 
The  axillary  vein,  however,  requires  more  detailed  consideration. 


Radial  veins 


Coiiimenceinent 
of  iiieilian  vein 


The  Axillary  Vein. 

The  axillary  vein  (v.  axillaris.  Fig.  561)  commences,  as  the  direct  continuation 
of  the  basilic  vein,  opposite  the  lower  border  of  the  teres  major.  It  passes  upwards 
and  inwards  through  the  axilla,  along'  the  inner  side  of  the  corresponding  artery, 

and  terminates  at 
the  outer  border 
of  the  first  rib 
by  becoming  the 
sul:)clavian  vein. 
It  possesses  a 
bicuspid  valve 
which  is  usually 
situated  opposite 
the  lower  border 
of  the  subscapu- 
laris  muscle. 

Relations.  — 

Its  anterior  rela- 
tions are  similar 
to  those  of  the 
axillary  artery, 
but,  in  addition, 
the  vein  is  crossed 
in  front,  under 
cover  of  the  clavi- 
cular part  of  the 
])ectoralis  major, 
by  the  pectoral 
branches  of  the 
acromio  -  thoracic 
artery,  and  by 
branches  of  the 
internal  anterior 
thoracic  nerve, 
and  it  receives  in 
front,  just  above 
the  upper  border 
of  the  pectoralis 
minor,  the  ter- 
mination of  the 
cephalic  vein. 

Behind  it  ai'c 
the  muscles  which 
form  the  posterior 
wall  of  the  axilla, 

the  axillary  fat,  and  the  first  serration  of  the  serratus  niagnus.  The  long  thoracic  nerve 
intervenes  between  it  and  the  serratus  magnus,  and  the  subscapular  nerves  and  the  sub- 
scapular ai'tery  pass  between  it  and  the  subscapularis. 

It  is  separated  from  the  axillary  artery  on  the  outer  side,  in  the  lower  part  of  its  extent 
by  the  ulnar  and  internal  cutaneous  nerves,  in  the  middle  of  its  course  by  the  inner  cord 
of  the  brachial  plexus,  and  in  the  upper  part  of  the  axilla,  behind  the  costo-coracoid 
membrane,  by  the  internal  anterior  thoracic  nerve.  To  its  inner  side  lie  the  outer  set  of 
axillary  glands,  and  in  the  lower  part  of  the  axilla  the  lesser  internal  cutaneous  nerve. 

Tributaries. — In  addition  to  tributaries  corresponding  with  the  branches  of  the 
axillary  artery,  it  receives  the  venre  comitcs  of  the  brachial  artery,  at  the  lower  border  of 
the  subscapiilaris,  and  the  ccpluilic  vein,  which  joins  it  at  the  upper  border  of  the  small 
pectoral  muscle. 


584. — Superficial  Vein.s  ox  the  DousrM  oi-'  the  Hand  and  Digits 
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The  Superficial  Veins  of  the  Upper  Extremity. 


Cephalic  vein- 


Basilic  veiii- 


The  superficial  veins  of  the  upper  extremity  coiuiiieuce  in  the  superficial  fascia 
of  the  palm  and  dorsum  of  the  hand  and  of  the  fingers. 

The  superficial  veins  of  the  palmar  aspects  of  the  fingers  terminate  for  the 
most  part  in  dorsal  digital  veins,  which 
run  along  the  dorso-lateral  borders  of  the 
digits ;  some,  however,  pass  upwards  into 
the  palm  and  join  the  superficial  palmar 
veins,  which,  in  comparison  with  the  super- 
ficial dorsal  veins,  are  relatively  few  and 
small.  The  superficial  veins  of  the  palm 
anastomose  together,  forming  a  more  or 
less  polygonal  plexus  from  which  some 
efferent  vessels  pass  laterally  round  the 
borders  of  the  palm  to  the  dorsal  plexus 
of  the  hand,  whilst  others  ascend  towards 
the  wrist,  where  they  end  either  in  the 
median  or  the  anterior  ulnar  superficial 
veins  of  the  forearm. 

The  superficial  veins  on  the  dorsal 
aspect  of  each  digit  form  two  longitudinal 
vessels,  the  dorsal  digital  veins  (vv.  digitales 
dorsales  propria"),  which  ascend  along  the 
dorso-lateral  borders  of  the  digit.  They 
receive  tributaries  from  the  palmar  aspect 
of  the  digit,  from  the  pulp  of  the  tip,  from 
the  subungual  tissues,  and  from  the  super- 
ficial tissues  of  the  dorsum.  The  dorsal 
digital  veins,  which  run  along  the  adjacent 
borders  of  the  second,  third,  and  fourth 
interdigital  clefts,  unite,  at  the  apices  of 
the  clefts,  to  form  three  dorsal  interosseous 
or  interdigital  veins  (vv.  metacarpte  dor- 
sales),  which  terminate  on  the  dorsum  of 
the  hand  in  a  dorsal  venous  arch  or  dorsal 
venous  plexus ;  the  radial  or  outer  vein  of 
the  index-finger  ends  in  the  same  arch. 

The  dorsal  venous  arch  of  the  hand 
receives  not  only  the  dorsal  interosseous 
or  interdigital  veins,  and  the  radial  digital 
vein  of  the  index-finger,  but  also  numerous 
tril)utaries  from  the  superficial  tissues  of 
the  dorsum  of  the  hand,  which  anastomose 
frequently  together  and  form  a  plexiform 
network.  The  arch  lies  opposite  the  lower 
parts  of  the  shafts  of  the  four  inner  meta- 
carpal bones,  and  terminates  at  its  radial 
end  in  the  superficial  radial  vein,  and  at 
its  ulnar  end  in  the  posterior  or  dorsal 
ulnar  vein ;  the  dorsal  digital  veins  of  the 
thumb  open  into  the  superficial  radial 
vein,  and  the  innermost  or  ulnar  digital 
vein  of  the  little  finger  ends  in  the  posterior 
superficial  ulnar  vein. 

Superficial  Veins  of  the  Forearm. — 
There  are  four  main  superficial  venous 
trunks  in  the  forearm — viz.  the  median,  the  radial,  and  the  anterior  and  posterior 
ulnar  veins. 
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585. — SuPEKFiciAL  Veins  on  the  Flexor 
Aspect  of  the  Uppek  Extremity. 
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The  median  vein  (v.  mediana  cubiti)  commences,  as  a  rule,  on  the  dorsal 
aspect  of  the  base  of  the  thumb  by  the  union  of  a  number  of  efferents  from  the 
dorsal  plexus ;  it  turns  round  the  radial  border  of  the  forearm,  receives  numerous 
tributaries  from  the  radial  and  median  portions  of  the  palm,  and  ascends  to  the 
middle  of  the  bend  of  the  elbow,  where  it  is  joined  by  the  deep  median  vein,  a 
large  anastomosing  channel  which  connects  it  with  the  deep  veins,  and  immediately 
afterwards  terminates  by  dividing  into  median  cephalic  and  median  basilic 
l)ranches. 

The  median  cephalic  (v.  mediana  cephalica),  or  outer  l)ranch  of  the  median  vein, 
runs  upwards  and  outwards  in  the  groove  between  the  biceps  and  the  supinator 
longus  muscles.  It  crosses  the  musculo-cutaneous  nerve  superficially,  and  terminates, 

a  .  short  distance  alx)ve 
the  external  condyle,  by 
uniting  with  the  radial 
vein  to  form  thd  cephalic 
vein. 

The  median  basilic 
vein  (v.  mediana  l)asilica) 
is  the  inner  branch  of  the 
median  vein.  Eunning 
more  transversely  than 
the  median  cephalic  vein, 
it  passes  upwards  and 
inwards  along  the  groove 
between  the  biceps  and 
the  pronator  radii  teres. 
It  is  crossed  superficially 
by  the  anterior  terminal 
branch  of  the  internal 
cutaneous  nerve ;  it  lies 
upon  the  bicipital  fascia, 
which  separates  it  from 
the  brachial  artery,  and 
it  terminates  by  uniting 
with  the  anterior  and 
posterior  ulnar  veins  to 
form  the  basihc  vein. 

The  radial  vein  (v. 
radialis)  commences  in 
the  dorsal  venous  plexus 
of  the  hand,  and,  after 
receiving  some  of  the 
dorsal  digital  veins  of  the 
thumb,  runs  up  the  radial 
border  of  the  forearm  in 
relation  witli  the  anterior  division  of  the  musculo-cutaneous  nerve.  It  receives 
tributaries  from  the  subcutaneous  tissue  through  which  it  passes,  and  terminates 
at  the  outer  side  of  tlie  bend  of  the  elbow  by  uniting  with  the  median  cephalic- 
branch  of  the  median  vein  to  form  the  cephalic  vein.    It  contains  several  valves. 

The  anterior  and  posterior  ulnar  veins  (vv.  ulnares)  vary  consideraljly  in  size, 
but  as  a  rule  the  posterior  is  the  larger.    Both  are  provided  with  valves. 

The  anterior  ulnar  vein  commences  at  the  base  of  the  little  finger,  by  the  union 
of  tributaries  from  the  ulnar  part  of  the  dorsal  venous  plexus  and  from  the  ulnar 
side  of  the  palm ;  it  ascends  along  the  front  of  the  ulnar  side  of  the  forearm,  and 
it  terminates  in  the  basilic  branch  of  the  median  vein. 

The  posterior  ulnar  vein  commences  in  the  dorsal  venous  plexus ;  it  receives 
the  ulnar  dorsal  digital  vein  of  the  little  finger,  and  ascends  along  the  dorsal  side  of 
the  ulnar  aspect  of  the  forearm.  It  terminates  by  joining  the  basilic  branch  of 
the  median  vein  to  form  the  basilic  vein. 
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Fig.  586. — Superficial  Veins  at  the  Bend  of  the  Elbow. 
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Superficial  Veins  of  the  Upper  Arm. — Only  two  large  superficial  trunks, 
the  basilic  and  the  cephahc,  are  found  in  the  upper  arm. 

The  basilic  vein  (v.  basilica)  commences  at  the  upper  and  inner  part  of 
the  bend  of  the  elbow  hj  the  union  of  the  median  basilic  with  the  posterior  ulnar 
vein.  It  ascends  in  a  groove  along  the  inner  border  of  the  biceps  to  the  middle  of 
the  upper  arm,  where  it  passes  through  an  opening  in  the  deep  fascia,  the  hiatus 
semilunaris,  and  in  the  rest  of  its  course  lies  deeply  along  the  inner  side  of  the 
brachial  artery.  It  terminates  at  the  lower  border  of  the  teres  major  by  l^ecoming 
the  axillary  vein,  and  it  contains  one  or  more  bicuspid  valves. 

The  cephalic  vein  (v.  cephalica)  is  formed  at  the  upper  and  outer  part 
of  the  bend  of  the  elbow  by  the  union  of  the  radial  vein  with  the  cephalic 
Ijranch  of  the  median  vein.  It  ascends  first  along  the  outer  border  of  the  biceps, 
where  it  is  accompanied  by  the  superior  external  cutaneous  branch  of  the  musculo- 
spiral  nerve ;  then,  after  piercing  the  deep  fascia,  it  is  continued  upwards  between 
the  adjacent  borders  of  the  deltoid  and  pectoralis  major  muscles,  accompanied  by 
the  descending;  or  humeral  branch  of  the  acromio-thoracic  axis.  Just  below  the 
clavicle  it  turns  inwards,  pierces  the  costo-coracoid  membrane,  and  terminates  m 
the  upper  or  third  part  of  the  axillary  vein.  It  is  provided  with  a  bicuspid  valve 
at  its  termination.  In  its  primitive  form  it  terminated  in  the  external  jugular 
vein,  to  reach  which  it  passed  either  over  or  through  the  clavicle.  This  condition 
occasionally  persists,  or  is  represented  by  a  small  communicating  vein. 

THE  INFERIOR  VENA  CAVA  AND  ITS  TRIBUTARIES. 

The  inferior  vena  cava  (Fig.  587)  is  a  large  venous  trunk  which  receives  the 
whole  of  the  blood  from  the  lower  extremities,  and  the  greater  part  of  the  blood 
from  the  walls  and  contents  of  the  abdomen  and  pelvis.  It  commences  opposite 
the  right  side  of  the  body  of  the  fifth  lumbar  vertebra,  behind  and  to  the  right  of 
the  right  common  iliac  artery,  ascends  through  the  al)domen  in  front  and  to  the 
right  of  the  vertebral  column  and  the  right  cms  of  the  diaphragm,  and  pierces 
the  cupola  of  the  diaphragm,  between  the  middle  and  right  sections  of  the  central 
tendinous  leaflet,  at  the  level  of  the  eighth  dorsal  vertebra.  It  then  enters  the 
middle  mediastinum,  passes  through  the  pericardium,  and  terminates  in  the  lower 
and  back  part  of  the  right  auricle.  Its  intrapericardial  portion  is  very  short,  and 
it  is  covered  on  its  anterior  and  lateral  aspects  by  the  parietal  portion  of  the 
serous  layer.  Attached  to  the  lower  and  front  margin  of  its  auricular  orifice  is 
the  Eustachian  valve,  which  is  a  remnant  of  an  important  fold  of  endocardium  by 
which,  in  the  fcetus,  the  blood  from  the  inferior  vena  cava  is  directed,  through  the 
foramen  ovale,  into  the  left  auricle. 

Relations. — The  inferior  vena  cava  is  in  relation  behind  with  the  bodies  of  the 
lower  lumbar  vertebrte  and  the  corresponding  part  of  the  anterior  common  ligament,  the 
anterior  portion  of  the  right  psoas  muscle,  the  right  lumbar  sympathetic  cord,  the  roots 
of  the  riglit  lumbar  arteries,  the  right  crus  of  the  diaphragm,  the  right  renal  artery,  the 
right  semihmar  ganglion,  the  right  inferior  phrenic  artery,  and  the  inner  and  upper 
portion  of  the  right  suprarenal  body. 

In  front  of  it,  from  below  upwards,  are  the  following  structures — the  riglit  common 
iliac  artery,  the  lower  end  of  the  mesentery  and  the  superior  mesenteric  artery,  the 
spermatic  artery  and  the  third  part  of  the  diiodenum,  the  head  of  the  jDancreas,  the 
portal  vein  and  the  first  part  of  the  duodenum,  the  foramen  of  Winslow,  and  the  posterior 
surface  of  the  liver.  More  superficially  are  coils  of  small  intestine,  the  great  omentum, 
and  the  transverse  colon  and  mesocolon. 

To  its  left  side  are  the  aorta  and  the  right  crus  of  the  diaphragm. 

On  its  right  side  and  below  is  the  right  lueter,  whilst  at  a  higher  level  the  right 
kidney  is  only  separated  from  it  by  a  short  interval. 

Tributaries. — In  addition  to  the  two  common  iliac  veins,  by  the  union  of  which  it  is 
formed,  and  through  which  it  receives  blood  from  the  pelvis  and  from  the  lower  extremi- 
ties, the  inferior  vena  cava  receives  the  following  tributaries  : — The  hepatic  veins,  the 
right  inferior  phrenic  vein,  the  right  suprarenal  vein,  the  right  and  left  renal  veins,  the 
right  spermatic  or  ovarian  vein,  and  the  right  and  left  lumbar  veins. 
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Hepatic  Veins  (vv.  hepaticiv,  Fig.  587). — These  veins  convey  l)lood  which  has 
passed  through  the  hver  from  the  portal  veins  and  from  the  hepatic  artery ;  they 
open  into  that  portion  of  the  inferior  vena  cava  which  has  immediately  l)elow  the 
diaphragm,  and  l)ehind  the  right  lobe  of  the  liver.  They,  form  two  groups, 
an  upper  consisting  of  two  or  three  large  trunks,  and  a  lower  group  of  smaller 
veins. 

The  upper  group  occasionally  consists  of  only  two  veins,  a  right  and  a  left; 
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Fu;.  .587. — The  Infeiuor  Vexa  Cava  and  its  Tributauies. 

more  frequently  there  are  three  vessels,  a  right,  a  left,  and  a  middle  vein,  and  in 
the  latter  case  the  middle  vein  issues  from  the  Spigelian  lobe. 

The  veins  of  the  lower  group  vary  in  numljer  from  six  or  seven  to  twenty  ; 
they  return  blood  from  the  right  and  Spigelian  lobes. 

The  hepatic  veins  commence  in  the  interior  of  the  lobules  of  the  liver  as 
intralobular  veins ;  these  issue  from  the  upper  and  posterior  aspects  of  the  lobules, 
and  unite  together  to  form  suhlohular  veins;  and  the  latter,  uniting  with  one 
another  as  they  converge  towards  the  posterior  surface  of  the  liver,  form  the  larger 
hepatic  veins. 

Inferior  Phrenic  Veins  f vv.  phrenicie  inferiores).  —  The  vt  ivx.  comites  of 
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the  inferior  phrenic  arteries  are  formed  by  tributaries  which  issue  from  the  sub- 
stance of  the  diaphragm.  The  right  vein  terminates  in  the  upper  part  of  the 
inferior  vena  cava.  The  left  veins  pass  behind  the  oesophagus,  and  usually  end  in 
the  left  suprarenal  vein. 

Suprarenal  Veins. — A  single  suprarenal  vein  (v.  suprarenalis)  issues  from  the 
hilus  on  the  anterior  surface  of  each  suprarenal  body ;  the  right  vein  terminates 
in  the  inferior  vena  cava  ;  the  left  usually  ends  in  the  left  renal  vein,  but  sometimes 
also  opens  directly  into  the  inferior  vena  cava. 

Renal  Veins  (vv.  renales). — Each  renal  vein  is  formed  by  the  union  of  five  or  six 
tributaries  which  issue  from  the  hilus  of  the  kidney,  where  they  lie  in  front  of  the 
corresponding  arteries. 

The  right  renal  vein  is  about  one  inch  long ;  it  passes  behind  the  second  part  of 
the  duodenum,  and  terminates  in  the  right  side  of  the  inferior  vena  cava. 

The  left  renal  vein  crosses  in  front  of  the  left  psoas,  the  left  crus  of  the  diaplu'agm, 
and  the  aorta  immediately  below  the  superior  mesenteric  artery.  It  lies  behind 
the  pancreas  and  the  fourth  part  of  the  duodenum,  and,  running  above  the  third 
part  of  the  duodenum,  terminates  in  the  left  side  of  the  inferior  vena  cava.  The 
left  spermatic  or  ovarian  vein,  according  to  the  sex,  and  almost  invariably  the  left 
suprarenal  vein,  open  into  it. 

Lumbar  Veins  (vv.  lumbales).  —  There  are  usually  four  lumbar  veins  on 
each  side,  one  with  each  lumbar  artery ;  the  vein  with  the  subcostal  artery  is  not 
included  in  this  number.  The  lumbar  veins  are  formed  by  the  union  of  anterior 
and  posterior  trunks  between  the  transverse  processes  of  the  vertebras.  The 
anterior  tributaries  commence  in  the  lateral  walls  of  the  abdominal  cavity,  where 
they  communicate  with  the  superior  and  deep  epigastric  veins.  The  posterior 
trilaitaries  issue,  from  the  muscles  of  the  back  in  the  lumbar  region,  and  receive 
tributaries  from  the  spinal  plexuses.  The  main  stems  pass  forwards  on  the  bodies 
of  the  vertebree ;  on  each  side  they  run  under  the  psoas  muscle,  whilst  those 
of  the  left  side  also  pass  behind  the  aorta.  They  terminate  in  the  posterior 
part  of  the  inferior  vena  cava.  Not  uncommonly  the  corresponding  veins  of 
opposite  sides  unite  together  to  form  a  single  trunk  which  enters  the  back  of  the 
inferior  vena  cava.  All  the  lumbar  veins  of  each  side  are  united  together  by  a 
longitudinal  anastomosing  vessel, 'the  ascending  lumbar  vein,  which  passes  upwards 
in  front  of  the  transverse  processes  of  the  lumbar  vertebrae,  and  usually  ends 
aliove  in  an  azygos  vein,  whilst  below  it  connects  the  lumbar  veins  with  tlie  ilio- 
lumljar  and  lateral  sacral  veins. 

Spermatic  Veins  (vv.  spermaticte). — The  spermatic  veins  on  each  side  issue 
from  the  testicle  and  epididymis  and  form  a  plexus,  the  favifiniform  -plexus.  The 
plexus  forms  part  of  the  spermatic  cord,  and  consists  of  from  eight  to  ten  veins, 
most  of  which  lie  in  front  of  the  vas  deferens ;  it  passes  upwards  in  the  inguinal 
canal,  and,  near  the  internal  abdominal  ring,  terminates  in  two  main  trunks  which 
ascend  with  the  corresponding  spermatic  artery  for  some  distance,  receiving- 
tributaries  from  the  ureter,  and  on  the  left  side  from  the  iliac  and  pelvic  colon ; 
ultimately  the  two  veins  unite  together  and  a  single  terminal  vein  is  formed.  The 
terminal  spermatic  vein  on  the  right  side  opens  into  the  inferior  vena  cava,  that 
on  the  left  side  into  the  left  re"nal  vein.  The  left  spermatic  veins  are  longer  than 
the  right,  the  left  testicle  being  lower  than  the  right,  and  the  termination  in  the 
left  renal  vein  being  at  a  higher  level  than  the  termination  of  the  right  vein  in  the 
inferior  vena  cava.  The  spermatic  veins  on  each  side  lie  upon  the  psoas  muscle 
and  the  ureter.  They  are  covered  by  peritoneum,  and  they  are  crossed  on  the 
right  side  by  the  termination  of  the  ileum  and  the  third  part  of  the  duodenum, 
and.  on  the  left  side  by  the  iliac  colon.  They  are  provided  with  valves  both 
in  their  course  and  at  their  terminations,  l)ut  occasionally  the*  valve  at  the  orifice 
of  the  left  spermatic  vein  is  absent. 

The  ovarian  veins  (vv.  ovarica;),  on  each  side,  issue  from  the  hilus  on  the 
anterior  border  of  the  ovary.  They  pass  between  the  layers  of  the  broad  hgament, 
where  they  anastomose  freely  and  form  the  pampiniform  plexus,  which  extends 
outwards  towards  the  brim  of  the  pelvis.  From  the  plexus  two  veins  are  formed 
which  accompany  the  corresponding  ovarian  artery  ;  they  pass  in  front  of  the  external 
54 
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iliac  artery,  and  then  upwards  behind  the  peritoneum  and  in  front  of  the  psoas 
muscle  and  ureter.  The  veins  of  the  right  side,  like  the  corresponding  spermatic 
veins,  also  pass  behind  the  termination  of  the  ileum  and  the  third  part  of  the 
duodenum;  whilst  the  left  veins,  near  the  l)rim  of  the  pelvis,  pass  lieliind  the  com- 
mencement of  the  pelvic  colon. 

The  two  veins  on  each  side  ultimately  fuse  together  to  form  a  single  terminal 
vein  which  ends,  on  the  right  side  in  the  inferior  vena  cava,  and  on  the  left  side  in 
the  left  renal  vein.  As  the  left  ovarian  veins  ascend  on  the  psoas  tliey  receive 
tributaries  from  the  iliac  and  pelvic  colon. 

The  Iliac  Veins. 

The  common  iliac  veins  (Figs.  572  and  587),  right  and  left,  are  formed  by  the 
union  of  the  corresponding  external  and  internal  iliac  veins.  Each  commences 
opposite  the  brim  of  the  pelvis,  immediately  l)ehind  the  upper  part  of  the  internal 
iliac  artery  of  its  own  side,  and  both  vessels  pass  upwards  to  the  right  side  of  the 
body  of  the  fifth  lumbar  vertebra,  at  the  upper  part  of  which,  just  behind  and  to 
the  outer  side  of  the  right  common  iliac  artery,  they  unite  together  to  form  the 
inferior  vena  cava. 

The  right  common  iliac  vein  (v.  iliaca  communis  dextra)  is  much  shorter  than 
the  left ;  it  passes  in  front  of  the  obturator  nerve  and  the  iho-luniljar  artery,  and 
at  first  behind  and  then  somewhat  to  the  outer  side  of  the  cori-esponding  common 
iliac  artery. 

The  left  common  iliac  vein  (v.  iliaca  communis  sinistra)  is  much  longer  than 
the  right,  and  is  also  placed  more  obliquely.  It  passes  upwards  and  to  the  right,  in 
front  of  the  body  of  the  fifth  lumi)ar  vertebra,  and  across  the  middle  sacral  artery. 
For  some  distance  it  runs  along  the  inner  side  of  the  left  common  iliac  artery,  and 
then  passes  behind  the  right  common  iliac  artery.  It  also  passes  behind  the 
mesentery  of  the  pelvic  colon  and  the  superior  hiemorrhoidal  artery. 

Tributaries. — Each  comuion  iliac  vein  receives  the  corresponding  extei'ual  and  internal 
iUac  veins  and  the  ilio-himlmr  vein.  The  left  common  iliac  vein  receives  in  addition  the 
middle  sacral  vein. 

The  ilio  lumbar  veins  (vv.  ilio-hnnbales)  receive  tributaries  from  the  iliac  fossa,  from 
the  lower  parts  of  the  spinal  muscles,  and  from  the  spinal  canal.  There  is  a  single  vein 
on  each  side  which  accoraj)anies  the  corresponding  artery.  It  passes  behind  the  psoas 
muscle  and  terminates  in  the  common  iliac  vein. 

Middle  Sacral  Veins. — The  venae  comites  of  the_middle  sacral  artery  commence  hy  the 
union  of  tributaries  which  issue  from  the  venous  plexus  in  front  of  the  sacrum,  through 
which  they  communicate  with  the  lateral  sacral  veins  and  i-eceive  blood  from  the  sacral 
part  of  the  spinal  canal.  They  unite  above  into  a  single  stem  (v.  sacralis  media),  which 
terminates  in  the  left  common  iliac  vein. 

The  internal  iliac  vein  (v.  hypogastrica.  Fig.  569)  is  a  short  trunk  formed 
by  the  union  of  tributaries  which  correspond  to  all  the  branches  of  the  internal 
iliac  artery,  with  the  exception  of  the  hypogastric  or  umliilical  branch. 

It  commences  at  the  upper  border  of  the  great  sciatic  notch,  and  ascends  to  the 
brim  of  the  pelvis,  where  it  unites  with  the  external  iliac  vein  to  form  the  common 
iliac  vein.  It  lies  immediately  ))ehind  and  slightly  to  the  inner  side  of  the  internal 
iliac  artery,  is  crossed  externally  by  the  obturator  nerve,  and  is  in  relation  internally, 
on  the  left  side  with  the  pelvic  colon,  and  on  the  right  side  with  the  lower  part  of' 
the  ileum. 

Tributaries. — The  tributaries,  which  are  numerous,  are  conveniently  divisible  into 
extra-pelvic  and  intra-pelvic  groujjs. 

Tiie  extm-peluic  tributaries  are  all  parietal,  and  include  the  obturator,  internal  pudic, 
sciatic,  and  gluteal  veins. 

Obturator  Vein  (v.  obturatoria). — This  vein  is  formed  by  the  union  of  tributaries 
which  issue  from  the  hip-joint  and  from  the  muscles  on  the  upper  and  inner  part  of  the 
thigh.  It  enters  the  pelvis  through  the  obturator  foramen,  runs  backwards  along  the 
lateral  wall  lying  on  the  pelvic  fascia  immediately  below  the  corresponding  artery,  and, 
passing  between  the  internal  iliac  artery  on  the  outside  and  the  ureter  on  the  inside, 
terminates  in  the  internal  iliac  vein. 
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Sciatic  Veins  (vv.  okitacce  inferiores). — Tlie  venie  comites  of  the  sciatic  artery  com- 
mence ill  the  subcutaneous  tissues  on  tlie  back  of  the  thigh  ;  they  ascend  with  the  sciatic 
artery,  and  pass  deeply  into  the  buttock  beneath  the  gluteus  maximus,  where  they  receive 
numerous  tributaries  from  the  surrounding  muscles.  Entering  the  pelvis  through  the 
great  sciatic  foramen,  they  unite  into  a  single  vessel,  which  terminates  in  the  lower  and 
anterior  part  of  the  internal  iliac  vein  below  the  termination  of  the  obturator  vein. 

Gluteal  Veins  (vv.  glutaese  superiores). — The  vense  comites  of  the  gluteal  artery  are 
formed  by  tributaries  which  issue  from  the  muscles  of  the  buttock.  They  accompany 
the  artery  through  the  gi-eat  sciatic  foramen,  and  terminate  in  the  internal  iliac  vein  : 
they  frequently  unite  together  before  reaching  their  termination. 

Internal  Pudic  Veins.  —  The  venae  comites  of  the  internal  pudic  artery  commence 
by  tributaries  which  emerge  from  the  corpus  cavernosum  of  the  ^^enis  (vv.  profundfe  penis) 
or  clitoris  (vv.  profundiie  clitoridis).  They  follow  the  course  of  the  internal  pudic  artery, 
and  usually  join  together  into  a  single  vessel  (v.  pudenda  interna)  which  terminates  in 
the  internal  iliac  vein.  As  tributaries  they  receive  the  veins  from  the  bulb,  the  superficial 
perineal  and  inferior  hsemorrhoidal  veins  (vv.  hsemorrhoidales  inferiores),  and  veins  from 
the  muscles  of  the  buttock. 

The  inferior  haemorrhoidal  veins,  which  commence  in  the  substance  of  the  external 
sphincter  of  the  anus  and  in  the  walls  of  the  anal  canal,  anastomose  witli  the  middle  and 
superior  haemorrhoidal  veins,  and  consequently  connect  the  portal  and  vena  caval  systems 
together. 

The  intra-pelvic  trihutaries  of  the  internal  iliac  vein  are  either  («)  parietal  or 
{b)  visceral ;  the  former  comprises  the  lateral  sacral  veins,  the  latter  includes  the 
efferent  vessels  from  the  plexuses  around  the  several  pelvic  viscera. 

{a)  Parietal :  Lateral  sacral  veins  (vv.  sacrales  laterales)  accompany  the  corre- 
sponding arteries,  and  terminate  on  each  side  in  the  inner  and  back  part  of  the  internal 
iliac  vein. 

(6)  Visceral  tributaries  are  derived  from  the  rectum  and  from  the  ])lexuses  associated 
with  the  iiterus,  vagina,  bladder,  and  prostate.  They  include  the  middle  luemorrlioidal, 
the  uterine,  the  vaginal,  and  the  vesical  veins. 

The  middle  hsemorrhoidal  veins  (vv.  haemorrhoidales  mediales)  are  very  irregular ; 
sometimes  they  cannot  be  distinguished.  When  present  they  are  formed  by  tributaries 
which  commence  in  the  submucous  tissue  of  the  rectum,  where  they  communicate  with 
the  superior  and  inferior  hsemorrhoidal  veins ;  they  pass  through  the  muscular  coat, 
and  fuse  together  to  form  two  iiiddle  haemorrhoidal  veins,  right  and  left,  each  of 
which  runs  outwards  beneath  the  peritoneum,  on  the  upper  surface  of  the  levator  ani, 
to  terminate  in  the  internal  iliac  vein.  In  the  male  each  middle  haemorrhoidal  vein 
receives  tributaries  from  the  seminal  vesicle  and  vas  deferens  of  its  own  side. 

Uterine  Plexuses  and  Veins. — The  uterine  plexuses  lie  along  the  lateral  borders 
of  the  uterus  ;  they  receive  tributaries,  which  are  entirely  devoid  of  valves,  from  the 
uterus,  and  they  communicate  above  with  the  ovarian,  and  below  with  the  vaginal 
plexuses. 

The  uterine  veins  (vv.  uterinje),  usually  two  on  each  side,  issue  from  the  lower  parts 
of  the  uterine  plexuses  above  their  communications  with  the  vaginal  plexuses.  At  first 
the  uterine  veins  on  each  side  lie  in  the  inner  part  of  the  base  of  the  broad  ligament 
above  the  lateral  fornix  of  the  vagina  and  the  ureter ;  they  then  pass  backwards,  accom- 
panying the  corresponding  artery,  in  a  fold  of  peritoneum  which  lies  between  the  back 
of  the  broad  ligament  and  the  recto-uterine  fold ;  finally  they  ascend  in  the  floor  of  the 
ovarian  fossa,  and  terminate  in  the"  internal  iliac  vein. 

Vaginal  Plexuses  and  Vaginal  Veins.  —  The  vaginal  plexuses  lie  at  the 
sides  of  the  vagina.  They  receive  tributaries  from  the  walls  of  the  vagina,  and  communi- 
cate above  with  the  uterine  plexuses,  below  with  the  veins  of  the  bulb,  in  front  with  the 
vesical  plexus,  and  behind  with  the  veins  which  issue  from  the  middle  and  lower  parts  of 
the  haemorrhoidal  plexus.  A  single  vaginal  vein  issues  from  the  upper  part  of  the  vaginal 
plexus  on  each  side  ;  it  accompanies  tlie  corresponding  arteries,  and  terminates  in  the 
internal  iliac  vein. 

Superior  Vesical  Plexus. — The  superior  vesical  plexus  of  veins  lies  on  the  outer 
surface  of  the  muscular  coat  of  the  bladder  at  the  fundus  and  the  sides.  It  receives 
tributaries  from  the  mucous  and  muscular  walls,  and  its  efferent  vessels  terminate  in  the 
prostatico-vesical  plexus  in  the  male,  and  in  the  inferior  vesical  plexus  in  the  female. 

Prostatico-vesical  Plexus. — This  plexus  is  distributed  round  the  prostate  and  the 
neck  of  the  bladder,  and  is  enclosed  })etween  the  proper  fibrous  capsule  of  the  prostate  and 
its  sheath  of  recto-vesical  fascia.    In  front  it  receives  the  dorsal  vein  of  the  penis,  which 
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usuciUy  terminates  by  two  branches ;  behind  and  above  it  communicates  with  the  vesical 
plexus,  and  receives  tributaries  from  the  seminal  vesicles  and  vasa  deferentia.  One  or 
more  efferent  vessels  pass  from  it  on  each  side  and  open  into  the  corresponding  internal 
iliac  vein. 

The  inferior  vesical  plexus  of  the  female,  which  represents  the  prostatico-vesical 
plexus  of  the  male,  surrounds  tlie  upper  part  of  the  urethra  and  the  neck  of  the  bladder. 
It  receives  the  dorsal  vein  of  the  clitoris,  and  its  efferent  vessels  terminate  in  tlie  internal 
iliac  vein. 

Dorsal  Veins  of  the  Penis  (w.  dorsales  penis). — There  are  two  dorsal  veins  of 
the  penis — the  superficial  and  the  deep. 

The  superficial  dorsal  vein  receives  tributaries  from  the  prepuce,  and  runs  backwards 
immediately  beneath  the  skin  to  the  symphysis,  where  it  divides  into  two  branches  which 
terminate  in  the  superficial  external  pudic  veins. 

The  deep  dorsal  vein  lies  on  the  dorsum  of  the  penis  beneath  the  deep  fascia.  It 
commences  in  the  sulcus  behind  the  glans,  by  the  union  of  numerous  tributaries  from 
the  glans  and  the  anterior  parts  of  the  corpora  cavernosa,  and  runs  backwards  in  the  mid- 
dorsal  line,  in  the  sulcus  between  the  corpora  cavernosa,  from  which  it  receives  many 
additional  tributaries.  At  the  root  of  the  penis  the  vein  passes  between  the  two  layers  of 
the  suspensory  ligament,  and  then  between  the  subpubic  ligament  and  the  deep  transverse 
ligament  of  the  perineum,  thus  reaching  the  space  between  the  two  layers  of  the  triangular 
ligament,  where  it  lies  above  -the  membranous  part  of  the  urethra,  and  is  enclosed  in  some 
of  the  fibres  of  the  compressor  urethrne.  Passing  through  the  posterior  layer  of  the  tri- 
angular ligament,  it  enters  the  pelvis,  and  terminates,  usually  by  two  branches,  in  the 
prostatico-vesical  plexus. 

The  dorsal  vein  of  the  clitoris  in  the  female  has  a  similar  course  to  that  of  the  deep 
dorsal  vein  of  the  penis  in  the  male.     It  terminates  in  the  inferior  vesical  plexus. 

THE  VEINS  OF  THE  LOWER  EXTREMITY. 

The  veins  of  the  lower  extremity,  like  those  of  the  upper  extremity,  are  arranged 
in  two  groups,  the  superficial  and  the  deep,  and  in  the  lower  as  in  the  upper  limb 
the  deep  veins  are  associated  with  the  arteries  as  venje  comites,  whilst  the  super- 
ficial veins,  which  lie  in  the  subcutaneous  tissues,  ultimately  terminate  in  the  deep 
veins.  There  is,  therefore,  a  general  similarity  in  the  arrangement  of  the  veins  of 
the  upper  and  the  lower  limbs,  but  there  are  differences  in  the  details  of  the  arrange- 
ment which  are  of  some  importance.  Thus  in  the  upper  extremity  there  are  two 
deep  veins  with  each  artery  from  the  fingers  to  the  root  of  the  limb,  where  a  single 
trunk,  the  axillary  vein,  is  formed ;  but  in  the  lower  extremity  each  main  artery 
has  two  vense  comites  only  as  far  as  the  middle  of  the  limb,  where  a  single  trunk 
is  formed.  This  vessel,  the  popliteal  vein,  is  the  commencement  of  the  main  venous 
stein  of  the  lower  extremity  ;  it  is  continued  upwards  through  the  thigh  as  the 
femoral  vein,  and  along  the  brim,  of  the  pelvis  as  the  external  iliac  vein,  which 
terminates  by  uniting  with  the  internal  iliac  vein  to  form"  the  common  iUac  vein. 

Further,  the  superficial  veins  of  the  upper  limb  are  more  numerous  than  those 
of  the  lower  limb,  for  in  the  forearm  there  are  four  main  superficial  veins,  and  in 
the  leg  two  ;  in  the  arm  two  main  superficial  veins,  and  in  the  thigh  only  one. 

In  the  upper  limb  the  blood  which  passes  through  the  superficial  veins  is  poured 
into  the  efferent  trunk  vein  at  the  root  of  the  limb,  that  is,  into  the  axiUary  vein ; 
but  in  the  lower  limb  the  blood  from  the  superficies  of  the  outer  parts  of  the  leg 
and  foot  passes  into  the  commencement  of  the  main  efferent  vein,  the  popliteal 
vein,  at  the  middle  of  the  limb,  that  is,  in  the  region  of  the  knee,  whilst  the 
blood  from  the  superficial  parts  of  the  inner  aspect  of  the  lower  limb  is  poured  into 
tlie  femoral  vein  near  the  root  of  the  limb  in  the  upper  part  of  Scarpa's  triangle. 

In  addition  to  the  aljove-inentioned  differences  in  the  general  arrangement  of  the 
veins  of  the  upper  and  the  lower  extremities,  it  must  also  be  noted  that  in  the  upper 
extremity  all  the  blood  of  the  limb,  both  that  from  the  shoulder-girdle  region  as 
well  as  that  from  the  projecting  portion  of  the  limb,  is  returned  to  the  main 
efferent  venous  trunk  ;  but  in  the  lower  extremity  the  greater  part  of  the  blood  from 
the  region  of  the  pelvic  girdle,  and  a  considerable  portion  from  that  of  the  thigh,  is 
returned  by  the  gluteal,  obturator,  sciatic,  and  pudic  veins  to  the  internal  iliac 
vein,  which  in  the  adult  is  not  the  main  efferent  vein  of  the  lower  extremity. 
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The  Deep  Veins  of  the  Lower  Extremity. 

All  the  arteries  of  the  lower  limb  except  the  popliteal  and  femoral  trunks  are 
accompanied  by  two  vence  comites.  They  usually  lie  one  on  each  side  of  the 
artery ;  they  are  connected  with  each  other  by  transverse  channels  which  pass 
in  front  of  or  behind  the  artery,  and  they  are  provided  With  numeroiis  valves. 

The  popliteal  vein  (v.  poplitea,  Fig.  575)  is  formed,  at  the  lower  border  of  the 
popliteus  muscle,  by  the  union  of  the  vense  comites  of  the  anterior  and  posterior 
tibial  arteries.    At  its  commencement  it  lies  to  the  inner  side  of  and  somewhat 


Fig.  588.— The  Femoral  Vessels  in  Scarpa's  Triangle. 

superficial  to  the  pophteal  artery,  and  to  the  outer  side  of  the  internal  popHteal 
nerve.  As  it  ascends  through  the  pophteal  space  it  gradually  incHnes  towards  the 
outer  side  of  the  artery,  and  in  the  middle  of  the  space  it  is  directly  behind  the 
artery,  separating  the  artery  from  the  internal  pophteal  nerve,  which  is  still  more 
posterior,  whilst  at  the  upper  end  of  the  space  it  is  to  the  outer  side  of  the  artery, 
and  still  between  it  and  the  internal  pophteal  nerve.  It  then  passes  through  the 
adductor  magnus  muscle  and  becomes  the  femoral  vein. 

The  popliteal  vein,  which  is  provided  with  two  or  three  bicuspid  valves,  is  closely 
bound  to  the  artery  by  a  dense  fascial  sheath.  Not  uncommonly  there  are  one  or 
more  additional  sateUite  veins  which  anastomose  with  the  popliteal  vein,  and  in 
these  cases  the  artery  is  more  or  less  completely  surrounded  by  venous  trunks. 
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-Superficial  epigastric  vein 
Superficial  circumflex 
iliac  vein 

-Superficial  pudie  vein 

-Femoral  vein 
-Long  saplienous  vein 


 External  snperlicial 

femoral  vein 


Internal  superficial 
femoral  vein 


,4 


-Long  saphenous  vein 


Tributaries.  —  In  addition  to  the  venjE  comites  of  the  anterior  and  posterior  tibial 
arteries,  it  receives  tributaries  which  correspond  with  the  branches  of  the  popliteal  artery, 

and  it  also  receives  one  of  the  superficial 
veins  of  the  leg,  viz.  the  external  or  short 
saphenous  vein. 

The  femoral  vein  (v.  femoralis)  is 
the  direct  continuation  of  the  popliteal 
vein.  It  commences  at  the  junction  of 
tlie  middle  and  lower  thirds  of  the  thiyh, 
at  the  opening  in  the-  adductor  magnus 
muscle.  It  then  ascends  through  Hunter's 
canal,  and  through  Scarpa's  triangle,  and 
terminates  a  little  to  the  inner  side  of 
the  middle  of  Poupar-t's  ligament  by 
becoming  the  external  iliac  vein. 

In  Hunter's  canal  it  lies  behind,  and 
at  first  to  the  outer  side  of,  the  femoral 
artery,  and  upon  the  adductors  longus 
and  magnus  which  separate  it  from  the 
profunda  vessels.  In  the  lower  part  of 
Scarpa's  triangle  it  is  Iiehind  and  to  the 
inner  side  of  tlie  artery,  and  immediately 
in  front  of  the  profunda  vein  which 
separates  it  from  the  profunda  artery, 
l)ut  in  the  upper  part  of  Scarpa's  triangle 
it  is  directly  on  the  inner  side  of  the 
femoral  artery.  About  one  and  a-half 
inches  below  Poupart's  ligament  it  enters 
tlie  middle  compartment  of  the  femoral 
sheath,  through  wbicli  it  ascends  to  its 
\r   J'fMlli,  termination,  lying  between  the  compart- 

ment for  the  femoral  artery  on  the  outer 
side  and  the  crural  canal  on  the  inner 
side. 

It  usually  contains  two  bicuspid 
valves,  one  near  its  termination  and  the 
other  just  above  the  entrance  of  its  pro- 
funda tributary. 

Tributaries.  —  It  receives  tributaries 
(venae  comites)  which  correspond  with  the 
branches  of  the  femoral  artery  and  the  larger 
of  the  two  superficial  veins  of  the  lower 
extremity,  viz.  the  long  saphenous  vein, 
which  enters  the  femoral  vein  where  that 
vessel  lies  in  the  middle  compartment  of  tlie 
femoral  sheath. 

The  external  iliac  vein  (v.  iliaca 
externa,  Figs.  5G9,  572,  and  587)  is  the- 
upward  continuation  of  the  femoral  vein. 
It  commences  on  the  inner  side  of  the 
termination  of  the  external  iliac  artery, 
immediately  behind  Poupart's  ligament, 
and  ascends  along  the  brim  of  the  pelvis 
to  a  point  opposite  the  lumbo-sacral  articulation,  and  immediately  behind  the 
internal  iliac  artery,  where  it  ends  by  joining  the  internal  iliac  vein  to  form  the 
common  iliac  vein.  It  lies  at  first  on  the  inner  side  of  the  external  iliac  artery, 
but  on  a  somewhat  posterior  plane,  and  then  directly  behind  the  artery,  whilst  just 
before  its  termination  it  crosses  the  outer  side  of  tlie  internal  iliac  artery,  and 
separates  that  vessel  from  the  inner  l)order  of  the  psoas  muscle.    In  its  whole 


-Long  saphenous  vein 


-Dorsal  venous  arch 


Fi(!.  589. — The  Internal  or  Long  Saphenous 
Vein  and  its  Tributaries. 
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course  the  vein  lies  anterior  to  the  obturator  nerve.  It  is  usually  provided  with 
one  bicuspid  valve,  but  sometimes  there  are  two.  Its  tributaries  correspond  to  the 
branches  of  the  external  iliac  artery ;  thus  the  deep  circumflex  iliac  (v.  circumflex 
ilium  profunda)  and  deep  epigastric  (v.  epigastrica  inferior)  veins  open  into  it  close 
to  its  origin,  wlailst  in  addition  it  frequently  receives  the  pubic  vein. 

The  pubic  vein  forms  a  communication  between  the  obturator  vein  and  the 
external  iliac  vein.  It  varies  in  size,  and  may  form  the  main  termination  of  the 
obturator  vein  from  which  it  arises.  Commencing  in  the  obturator  foramen,  it 
ascends  at  the  side  of  the  pubic  branch  of  the  deep  epigastric  artery,  and  reaches 
the  external  iliac  vein. 

The  Superficial  Veins  of  the  Lower  Extremity. 

The  superficial  veins  of  the  lower  extremity  terminate  in  two  trunks,  one  of 
which,  the  external  or  short  saphenous  vein,  passes  from  the  foot  to  the  popliteal 
space ;  whilst  the  other,  the  internal  or  long  saphenous  vein,  extends  from  the  foot 
to  the  groin. 

The  superficial  veins  of  the  sole  of  the  foot  form  a  fine  plexus,  immediately 
beneath  the  skin,  from  which  anterior  and  lateral  efferents  pass.  The  anterior 
efferents  terminate  in  a  transverse  arch  which  lies  in  the  furrow  at  the  roots  of  the 
toes,  and  the  lateral  efferents  pass  round  the  sides  of  the  foot  to  the  internal  or 
external  saphenou.s  veins.  The  transverse  arch  also  receives  small  plantar  digital 
veins  from  the  toes,  and  it  gives  off  interdigital  efferent  branches  to  the  dorsal 
venous  arch. 

The  superficial  veins  on  the  dorsal  aspect  of  each  toe  unite  together  to  form  two 
dorsal  digital  veins  (v.  digitales  pedis  dorsales)  which  run  along  the  borders  of  the 
dorsal  surface.  The  dorsal  digital  veins  of  the  adjacent  borders  of  the  interdigital 
clefts  unite,  at  the  apices  of  the  clefts,  to  form  four  dorsal  interdigital  veins  which 
terminate  in  the  dorsal  venous  arch.  The  dorsal  digital  vein  from  the  inner  side 
of  the  great  toe  ends  in  the  long  saphenous  vein,  and  that  from  the  outer  side  of 
the  little  toe  terminates  in  the  short  saphenous  vein. 

The  dorsal  venous  arch  (arcus  venosus  dorsalis  pedis)  lies  in  the  sub- 
cutaneous tissue,  between  the  skin  and  the  branches  of  the  musculo-cutaneous 
nerve,  opposite  the  lower  parts  of  the  shafts  of  the  metatarsal  bones.  It  ends 
internally  by  uniting  with  the  inner  dorsal  digital  vein  of  the  great  toe  to  form  the 
long  saphenous  vein,  and  externally  by  joining  the  outer  dorsal  digital  vein  of  the 
little  toe  to  form  the  short  saphenous  vein.  The  dorsal  venous  arch  receives  the 
dorsal  interdigital  veins  and  interdigital  efferents  from  the  plantar  transverse  arch 
in  front,  and  numerous  tributaries  from  the  dorsum  of  the  foot,  which  anastomose 
freely  together,  forming  a  wide-meshed  dorsal  venous  plexus,  open  into  it  behind. 

The  internal  or  long  saphenous  vein  (v.  saphena  magna)  is  formed  by 
the  union  of  the  inner  extremity  of  the  dorsal  venous  arch  with  the  inner 
dorsal  digital  vein  of  the  great  toe.  It  passes  upwards  in  front  of  the  internal 
malleolus,  crosses  the  inner  surface  of  the  lower  part  of  the  shaft  of  the  tibia,  and 
ascends  immediately  behind  the  iiiternal  border  of  that  bone  to  the  knee,  where  it 
lies  just  behind  the  internal  condyle  of  the  femur ;  continuing  upwards,  with  an 
inclination  forwards  and  outwards,  it  gains  the  upper  part  of  Scarpa's  triangle, 
where  it  perforates  the  cribriform  fascia  and  the  femoral  sheath  to  reach  its  ter- 
mination in  the  femoral  vein.  In  the  foot  and  leg  it  is  accompanied  by  the  long 
saphenous  nerve,  and  for  a  short  distance  below  the  knee  by  the  superficial  branch 
of  the  anastomotic  artery.  In  the  thigh,  branches  of  the  internal  cutaneous  nerve 
lie  in  close  relation  with  it.    It  contains  from  eight  to  twenty  bicuspid  valves. 

Tributaries. — It  communicates  freely  through  the  deep  fascia  with  the  dee])  inter- 
muscular veins.  In  the  foot  it  receives  tributaries  from  the  inner  part  of  the  sole  and 
from  the  dorsal  venous  plexus.  As  it  ascends  in  the  leg  it  is  joined  by  tributaries  from 
the  dorsum  of  the  foot,  the  inner  side  and  back  of  the  heel,  the  front  of  the  leg  and  the 
back  of  the  calf,  and  it  anastomoses  freely  with  the  short  saphenous  vein.  In  the  thigh 
it  receives  numerous  tributaries,  some  of  wViich  usually  converge  to  form  two  superficial 
femoral  veins.    Of  these,  one,  the  external,  ascends  from  the  outer  side  of  the  knee  and 
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terminates  in  the  internal  saphenous  vein  about  the  lower  part  of  Scarpa's  triangle ;  the 
other,  the  internal,  receives  a  communication  from  the  external  saphenous  vein,  and 
ascends  from  the  back  of  the  thigh  along  its  inner  side  to  terminate  in  the  long  saphenous 
vein  almost  opposite  the  termination  of  the  external  superficial  femoral  vein.  The  last 
tributaries  to  enter  the  long  saphenous  vein  are  the  superficial  circumflex  iliac,  epigastric, 
and  pudic  veins.    They  accompany  the  corresponding  arteries,  and  terminate  in  the  long 

saphenous  vein  immediately  before  the  latter 
vessel  perforates  the  cribi'iform  fascia. 

The  superficial  circumflex  iliac  vein  receives 
blood  from  the  lower  and  outer  part  of  the 
abdominal  wall  and  the  upper  and  outer  part  of 
the  thigh.  The  supei'ficial  epigastric  vein  drains 
the  lower  and  inner  part  of  the  abdominal  wall, 
and  the  superficial  pudic  vein  receives  blood 
from  the  dorsum  of  the  penis  and  the  scrotum 
in  the  male,  and  from  the  labium  majus  in  the 
female. 

The  external  or  short  saphenous  vein 

(v.  saphena  parva)  is  formed  by  the  union 
of  the  outer  extremity  of  the  dorsal 
venous  arch  with  the  outer  dorsal  digital 
vein  of  the  little  toe.  At  first  it  passes 
backwards  along  the  outer  side  of  the  foot 
and  below  the  external  malleolus,  lying  on 
the  external  annular  ligament  in  company 
with  the  external  saphenous  nerve ;  then  it 
ascends  behind  the  external  malleolus,  and 
along  the  outer  liorder  of  the  tendo  Achillis, 
still  in  compan}'  with  the  external  saphenous 
nerve,  to  the  middle  of  the  calf,  above  which 
it  is  continued  in  the  superficial  fascia,  accom- 
panied by  the  superficial  sural  artery,  to  the 
lower  part  of  the  popliteal  space,  where  it 
pierces  the  deep  fascia,  and  terminates  in 
the  popliteal  vein.  It  communicates  round 
the  inner  side  of  the  leg  with  the  internal 
saphenous  vein,  and  through  the  deep  fascia 
with  the  deep  veins,  and  it  contains  from  six 
to  twelve  bicuspid  valves. 

Tributaries. — It  receives  tributaries  from 
the  outer  side  of  the  •  foot,  from  the  outer  side 
and  back  of  the  heel,  from  the  back  of  the  leg, 
and  occasionally  a  descending  tributar}'  from 
the  back  of  the  thigh.  Just  before  it  pierces 
the  popliteal  fascia  it  gives  off'  a  small  branch 
which  ascends  round  the  inner  side  of  the  thigh 
and  unites  with  the  internal  superficial  femoral  vein.  In  this  way  a  communication  is 
established  between  the  external  and  internal  saphenous  veins  ;  this  communication  is 
frequently  enlarged,  and  not  uncommonly  constitutes  the  main  continuation  of  the 
external  saphenous  vein. 


Fid.  590. — The  External  or  Short  Saphenous 
Vein  and  its  Thibutaries. 


THE  POETAL  SYSTEM. 

The  portal  system  includes  the  veins  which  convey  blood  from  almost  the 
whole  of  the  aljdominal  and  pelvic  parts  of  the  alimentary  canal,  and  from  the 
spleen  and  pancreas,  to  the  liver.  The  tributaries  of  origin  of  these  veins  agree 
closely  with  the  terminal  in-anches  of  the  corresponding  arteries.  They  are  single 
vessels,  which  for  some  distance  accompany  the  corresponding  arteries,  and  are 
similarly  named.  The  larger  or  terminal  veins,  however,  leave  their  associated 
arteries;  the  inferior  mesenteric  vein  joins  the  splenic  vein,  and  the  latter  unites 
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with  the  superior  mesenteric  vein  to  form  the  portal  vein,  which  passes  to  the  Hver. 
These  veins,  together  with  their  tributaries,  constitute  the  portal  system.  All 
the  vessels  of  this  system  are  devoid  of  valves. 

The  portal  vein  (vena  portte)  is  a  wide  venous  channel,  about  three  inches 
long,  which  conveys  blood  from  the  stomach,  from  the  whole  of  the  intestine, 
except  the  terminal  portion  of  the  rectum,  and  from  the  spleen  and  pancreas  to 
the  hver.  Unlike  other  veins,  it  ends  hke  an  artery  by  breaking  up  into  branches, 
which  ultimately  terminate  in  capillaries  in  the  substance  of  the  hver ;  from  these 
portal  capillaries  the  hepatic  veins  (p.  848),  which  also  receive  the  blood  conveyed 


Fig.  591. — The  Portal  Vein  and  its  Tributaries. 


to  the  hver  by  the  hepatic  artery,  arise ;  and  as  these  open  into  the  inferior  ^'ena 
cava,  the  portal  blood  ultimately  reaches  the  general  systemic  circulation. 

The  portal  vein  commences  by  the  union  of  the  superior  mesenteric  and  the 
splenic  veins  behind  and  to  the  left  of  the  neck  of  the  pancreas,  and  either  in 
front  of  the  left  border  of  the  inferior  vena  cava,  at  the  level  of  the  body  of  the 
first  lumbar  vertebra,  or  in  front  of  the  upturned  extremity  of  the  lower  portion 
of  the  head  of  the  pancreas.  It  ascends  in  front  of  the  inferior  vena  cava,  and 
behind  the  neck  of  the  pancreas  and  the  first  part  of  the  duodenum,  to  the  lower 
border  of  the  foramen  of  Winslow,  where  it  passes  forwards,  in  the  right  pancreatico- 
gastric  fold  of  peritoneum,  and  enters  the  lower  border  of  the  gastro- hepatic 
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omentum ;  contiuuing  its  upward  course,  it  lies  1  )ehiud  the  common  Ijile-duct  and 
hepatic  artery,  and  in  front  of  the  foramen  of  Winslow ;  it  ultimately  reaches  the 
right  end  of  the  transverse  fissure  of  the  liver,  where  it  ends  by  dividing  into  a 
short  and  wide  right  and  a  longer  and  narrower  left  branch.  Just  before  its 
termination  it  enlarges,  forming  the  sinus  of  the  portal  vein. 

The  right  branch  generally  receives  the  cystic  vein  and  then  enters  the  right  lobe 
of  the  liver,  in  wliicli  it  breaks  up  into  numerous  branches  which  terminate  in  the 
portal  capillaries  round  the  periphery  and  in  the  substance  of  the  liver  lobules. 

The  left  branch  runs  from  right  to  left  along  the  transverse  fissure,  giving  off 
branches  to  the  Spigelian  and  quadrate  lobes ;  it  crosses  the  longitudinal  fissure, 
and  ends  in  a  similar  manner  to  the  right  branch,  but  in  the  substance  of  the  left 
lobe  of  the  liver. 

As  it  crosses  the  Lmgitudinal  fissure,  the  left  branch  of  the  portal  vein  is  joined 
in  front  l)y  the  round  ligament  of  the  liver,  a  fibrous  cord  which  is  the  remains  of  the 
left  umbilical  vein  of  the  foetus ;  and,  somewhat  to  the  right  of  the  attachment  of 
the  round  ligament  anteriorly,  a  fibrous  cord  springs  from  it  posteriorly  and 
connects  it  with  the  upper  part  of  the  inferior  vena  cava ;  this  cord  is  the  remains 
of  the  ductus  venosus,  a  blood-vessel  of  the  foetus,  through  which  Ijlood  coming 
from  tlie  placenta,  ))y  the  umbilical  vein,  passed  into  the  inferior  vena  cava 
without  going  through  the  liver. 

The  portal  vein  is  accompanied  by  numerous  lymphatic  vessels,  and  it  is 
siirrounded  in  the  gastro  -  hepatic  omentum  by  filaments  of  the  hepatic  plexus 
of  nerves. 

Tributaries. — Soon  after  its  formation  the  portal  vein  receives  the  coronary  and 
pyloric  veinss,  and  the  cystic  vein  opens  into  its  right  branch. 

The  coronary  vein  (v.  coronaria  ventriculi)  commences  in  the  gastro-hepatic  omentum 
by  the  union  of  tributaries  from  both  surfaces  of  the  stomach.  It  runs  to  the  left 
between  the  layers  of  the  gastro-hepatic  omentum,  and  along  the  lesser  curvature  of  the 
stomach,  with  the  corresponding  artery,  to  the  oisophagus,  where  it  receives  oesophageal 
tributaries.  It  then  turns  backwards  in  the  left  pancreatico-gastric  fold,  and  reaches  the 
posterior  wall  of  the  abdomen,  where  it  again  changes  its  direction  to  run  from  left  to 
right,  behind  the  lesser  sac  of  the  peritoneum,  to  the  right  pancreatico-gastric  fold,  at  the 
root  of  wliich  it  opens  into  the  portal  vein. 

The  pyloric  vein  (v.  pylorica)  is  a  .small  vessel  which  is  formed  by  the  union  of 
tributaries  from  the  upper  parts  of  both  surfaces  of  the  stomach.  It  runs  from  left  to 
right  along  the  right  portion  of  the  lesser  curvature,  between  the  laj'ers  of  the  gastro- 
hepatic  omentum,  and  terminates  in  the  portal  vein,  after  that  vessel  has  entered  the 
gastro-hepatic  omentum. 

The  cystic  vein  (v.  cystica)  is  formed  V)y  the  union  of  tributaries  which  accompany 
the  brandies  of  the  cystic  artery  on  the  Tipper  and  lower  surfaces  of  the  gall-bladder ;  it 
ascends  along  the  cystic  dvict,  and  as  a  rule  terminates  in  the  riglit  branch  of  the  portal 
vein. 

The  Mesenteric  and  Splenic  Veins. 

The  superior  mesenteric  vein  (v.  mesenterica  superior)  commences  in  the  right  iliac 
fossa  in  connection  with  the  lower  part  of  the  ileum.  It  ascends  along  the  right  side  of 
the  superior  mesenteric  artery  in  the  root  of  the  mesentery,  forming  a  curve  with  the 
convexity  to  the  left. 

As  it  ascends  it  passes  in  front  of  the  right  ureter,  the  lower  part  of  the  inferior  vena 
cava,  the  third  yjart  of  the  duodenum,  and  the  lower  part  of  the  head  of  the  pancreas ; 
and,  after  passing  behind  the  root  of  the  transverse  mesocolon,  it  terminates  behind 
the  neck  of  the  ptuicreas  by  uniting  with  the  splenic  vein  to  form  the  ])ortal  vein. 

Its  tributaries  correspond  with  the  brandies  of  tlie  superior  mesenteric  arteiy.  It  is  formed 
by  the  union  of  the  ileo-c;ecal  and  appendicular  veins.  lu  front  and  towards  the  left  side  the 
triliutai'ies  (vv.  intestinales)  from  between  the  folds  of  the  mesentery  enter  it;  the  riglit  colic 
and  ileo-colic  veins  enter  its  right  side  ;  the  middle  colic  vein  joins  it  in  front  at  the  lower  border 
of  the  head  of  the  pancreas,  and  close  to  its  termination  it  receives  the  right  gastro-epiploic 
and  the  j)ancreatieo-duodenal  veins. 

The  right  gastro-epiploic  vein  (v.  gastroe-piploica  dextra)  runs  from  left  to  riglit  along  the 
loMX'r  Ijorder  of  the  stomadi,  and  lietween  the  two  anterior  layers  of  the  great  omentum.  It 
receives  tributaries  from  liotli  surfaces  of  the  stomadi,  and  near  the  pylorus  turns  backwards  in 
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the  right  pancreatico-gastric  fold  of  peritoneum,  passes  behind  the  neck  of  tlie  pancreas,  and 
ends  in  tlie  superior  mesenteric  vein. 

The  pancreatico-duodenal  vein  receives  tributaries  (vv.  laancreatico-duodenalis)  from  the  head 
of  the  pancreas  and  tlie  adjacent  parts  of  the  duodenum  ;  it  ascends  along  the  superior  pancreatico- 
duodenal artery,  and  terminates  in  the  upper  part  of  the  superior  mesenteric  vein. 

The  splenic  vein  (v.  lienalis)  is  formed  by  the  union  of  five  or  six  tributaries  wliich 
issue  fi'om  the  hilus  on  tlie  anterior  surface  of  the  spleen.  It  passes  backwards 
and  inwards  in  the  lieno-renal  ligament  to  the  kidney,  then  turning  to  the  right  it  runs 
behind  the  upper  border  of  the  pancreas  and  below  the  splenic  artery ;  it  crosses  the  front 
of  the  abdominal  aorta,  immediately  below  the  origin  of  the  coeliac  axis,  and  terminates 
behind  the  neck  of  the  pancreas,  by  joining  the  superior  mesenteric  vein  to  form  the 
portal  vein. 

Tributaries.  —  It  receives  the  vasa  hrevia  or  gastric  veins,  the  left  gas tro -epiploic  vein, 
the  pancreatic  veins,  and  the  inferior  mesenteric  vein.  Occasionally  the  coronary  vein  ter- 
minates in  it. 

The  vasa  brevia  or  gastric  veins  (vv.  gastricae  breves)  are  a  series  of  small  venous  channels 
which  gather  blood  from  the  region  of  the  left  portion  of  the  great  curvature  of  the  stomach  ; 
they  pass  backwards  towards  the  spleen  in  the  gastro-splenic  omentum,  and  terminate  either  in 
the  trunk  of  the  splenic  vein  or  in  one  of  its  main  tributaries. 

Tlie  left  gastro-epiploic  vein  runs  from  right  to  left  along  the  lower  border  of  the  stomach 
between  tlie  layers  of  the  great  omentum.  At  the  left  extremity  of  the  stomach  it  enters  the 
gastro-sj^lenic  omentum,  through  which  it  passes  towards  the  hilus  of  the  spleen,  and  it 
terminates  in  the  commencement  of  the  splenic  vein.  It  receives  tributaries  from  both 
surfaces  of  the  stomach. 

The  pancreatic  veins  issue  from  the  substance  of  the  jjancreas,  and  terminate  directly  in  the 
splenic  vein. 

The  inferior  mesenteric  vein  (v.  mesenterica  inferior)  commences,  as  the  superior  hajmor- 
rhoidal  vein,  in  the  venous  plexus  wliich  lies  between  the  muscular  and  mucous  coats  of  the 
rectum.  The  superior  hEemorrhoidal  vein  (v.  hEemorrhoidalis  sujaerior)  drains  the  greater  part  of 
the  blood  from  the  luemorrlioidal  plexus,  through  which  it  communicates  with  the  middle  and 
inferior  hajmorrlioidal  veins.  It  ascends  in  company  with  the  superior  hemorrhoidal  artery,  and 
between  the  layers  of  the  meso-rectum,  to  the  brim  of  the  pelvis,  where  it  passes  in  front  of  the 
left  couanon  iliac  artery  and  becomes  the  inferior  mesenteric  vein. 

The  inferior  mesenteric  vein  runs  upwards  on  the  left  of  the  aorta,  behind  the  peritoneum, 
and  in  front  of  the  left  psoas  muscle  and  the  left  spermatic  artery.  Near  its  termination  it 
crosses  in  front  of  the  left  renal  vein,  and,  passing  behind  the  body  of  the  j)ancreas,  ends  in  the 
splenic  vein.  Occasionally  it  terminates  in  the  angle  of  union  of  the  superior  mesenteric  and 
splenic  veins. 

Tributaries. — In  addition  to  the  superior  liiBuiorrhoidal  vein,  of  which  it  is  the  direct  con- 
tinuation, the  inferior  mesenteric  vein  receives  sigmoid  tributaries  (vv.  sigmoideae)  from  the 
iliac  and  pelvic  colon,  and  the  left  colic  vein  from  tlie  descending  colon  and  splenic  flexure. 


THE  LYMPH  VASCULAR  SYSTEM. 

The  vessels  of  the  lymph  vascular  system  (vasa  lymphatica)  contain  a  colourless 
fluid,  rich  in  white  corpuscles,  called  lymph.  In  many  respects  they  reseml)le  blood- 
vessels, especially  the  veins ;  l)ut  unlike  veins  they  communicate  with  intercellular 
spaces  and  with  serous  sacs,  and  their  continuity  is  interrupted  by  interposed  nodular 
aggregations  of  lymph  tissue  which  are  known  as  lymph  glands  (lymphoglandulte). 

Lymph  is  collected  in  intercellular  spaces  from  which  lymph  capillaries  arise ; 
the  latter  terminate  in  lymphatic  vessels,  which  unite  togetlier,  forming  larger 
vessels ;  and  ultimately  two  terminal  trunks — viz.  the  thoracic  duct  and  the  right 
lymphatic  duct — open  into  tlie  venous  system,  at  the  commencement  respectively 
of  the  left  and  right  innominate  veins. 

There  are  no  outgoing  vessels,  but  it  is  customary  to  speak  of  afferent  (vasa 
afferentia)  and  efferent  (vasa  efferentia)  lymphatics  with  reference  to  vessels 
which  enter  or  leave  the  interposed  glands. 

Lymph  vessels,  and  the""  spaces  in  which  they  commence,  merely  collect  and 
convey  lymph.  The  lymphatic  glands  act,  in  part  at  least,  as  filters,  and  possibly 
also  some  of  the  white  corpuscles  are  formed  in  them. 

The  greater  part,  if  not  the  whole,  of  the  lymph  of  the  body  passes  through 
one  or  more  of  the  lymph  glands  before  it  reaches  the  blood  vascular  system. 

Lymphatic  spaces. — Lymph  spaces  are  simply  intervals  or  clefts  in  connective 
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tissue.  The  larger  spaces  are  lined  by  a  layer  of  flattened  endothelial  cells,  with 
sinuous  outlines,  similar  to  the  cells  of  the  lymphatic  capillaries ;  hut  the  smaller 
spaces  have  no  endothelial  lining,  and  they  are  limited  only  by  the  cells  of  the 
tissue  in  which  they  lie.  The  precise  nature  of  the  communications  lietween 
lymphatic  spaces  and  lymph  capillaries  has  not  been  definitely  ascertained ;  l^ut 
undoubtedly  lymph  passes  from  the  spaces  into  the  capillaries,  and  probably  it 
does  so  because  the  spaces  and  vessels  are  directly  continuous. 

As  alternative  explanations,  it  may  be  suggested  either  that  the  passage  is  due 
to  the  existence  of  stomata  in  the  walls  which  separate  spaces  from  the  capillaries, 
or  that  it  may  he  due  to  transudation  tlirough  intervening  tissues. 

Lymph  capillaries. — Lymph  capillaries  are  not  only  much  larger  and  more 
irregular  than  [)lood  capillaries,  l)ut  they  are  also  larger  than  the  lymphatic  vessels 
into  which  they  open.  They  are  lined  by  a  single  layer  of  endothelial  cells  which 
possess  very  sinuous  outlines ;  apparently  they  are  in  direct  structural  continuity 
with  lymph  spaces,  and  they  anastomose  freely  together,  forming  plexiform 
laliyrinths. 

Lymphatic  vessels. — The  smallest  lympbatic  vessels  are  much  narrower  in 
calil)re  than  the  lymph  capillaries  witli  which  they  are  continuous.  Their  walls 
consist  of  an  internal  lining  of  endothelial  cells  of  fusiform  shape  and  regular 
outline,  and  an  outer  layer  of  fine  connective  tissue.  They  are  provided  with 
numerous  valves,  and  when  distended  have  a  beaded  appearance. 

The  larger  lymph  vessels  possess  three  coats  —  (1)  An  internal  coat  (tunica 
interna),  formed  by  a  layer  of  endothelial  cells,  of  fusiform  shape,  and  of  regular,  but 
sinuous,  outline.  (2)  A  middle  coat  (tunica  media)  of  unstriped  muscle  fibres, 
arranged  for  the  most  part  circularly,  but  some  of  which  run  obliquely  or  longi- 
tudinally. The  interspaces  l^etween  the  muscle  fibres  are  filled  with  a  fine  con- 
nective tissue.  (3)  An  outer  coat  (tunica  externa)  of  mixed  white  fibrous  and 
elastic  tissue,  which  is  not  sharply  separated  from  the  middle  coat  on  the  inner 
side  or  from  the  surrounding  tissues  on  the  outer  side.  It  may  also  contain  a  few 
unstriped  muscle  filtres.  In  the  largest  vessels  the  two  outer  coats  consist  prin- 
cipally of  muscle  ;  they  are,  therefore,  very  friable. 

All  the  large  vessels  are  provided  with  numerous  bicuspid  valves,  which  are 
formed  by  folds  of  the  inner  coat ;  and  as  the  lumiua  of  the  vessels  are  enlarged 
just  above  the  attachments  of  the  valves,  the  vessels  assume  a  characteristic 
beaded  appearance  when  they  are  distended. 

Lymphatic  vessels  anastomose  freely  together,  and  the  majority  form  communi- 
cating channels  lietween  different  groups  of  lymphatic  glands,  leaving  the  more 
distal  glands  as  efferent  vessels  and  entering  the  more  proximal  glands  as  afferent 
vessels.  Some  of  the  lymphatic  vessels,  however,  are  afferent  only ;  they  simply 
carry  lymph  from  the  periphery  to  the  nearest  glands ;  whilst  others,  which  carry 
lymph  from  tlie  last  Set  of  glands  to  the  terminal  trunks,  are  efferent  only. 

The  lymphatic  vessels,  unlike  the  veins  which  they  usually  accompany,  do  not 
increase  greatly  in  cahbre  as  they  converge  towards  their  terminations ;  they  often 
branch,  and  they  frequently  anastomose  together.  In  certain  places,  particularly 
the  central  nervous  system  and  the  spleen,  lymph  capillaries  or  even  lymphatic 
vessels  completeh'-  ensheath  the  smaller  1  )lood  -  vessels,  forming  perivascular 
lymphatic  spaces. 

Lymphatic  glands. — Lymphatic  glands  are  giol)ular,  ovoid,  flattened,  or. 
irregular  bodies,  and  each  gland  presents  a  localised  depressed  area  which  is  known 
as  the  hilus.  They  vary  consideral)ly  in  size,  some  being  no  larger  than  a  pin's- 
head,  whilst  others  are  as  large  as  a  bean.  In  colour  they  are  usually  grayish  pink, 
but  the  tint  varies  with  the  position,  vascularity,  and  state  of  activity  of  the  gland. 
The  glands  of  the  lung  are  generally  lilackened  by  the  deposition  of  carbonaceous 
material  in  their  sul)Stance,  and  those  of  the  liver  and  spleen  have  frequently  a 
brownish  hue.  The  glands  of  the  mesentery  are  creamy  or  white  whilst  the  chyle 
is  rapidly  passing  through  them,  but  when  tlie  alisorption  of  food-material  fntm 
the  intestine  ceases  they  l)ec(jnie  a  rosy  pink. 

Structure  of  Lymphatic  Glands. — Lymphatic  gland?^  consist  of  (1)  a  skeleton  or  f  ramework, 
(2)  ]yni])li  sinuses,  and  (3j  lymiili  tollicles  and  cords. 
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(1)  The  skeleton  or  framework  consists  of  a  capsule  and  of  primary,  secondary,  and  tertiary 
trabeculse. 

The  capsule  is  formed  of  white  librous  tissue  interspersed  with  elastic  fibres,  and  in  some  cases 
with  unstriped  muscular  fibres. 

The  2'>rimary  trabec  alee  sirring  from  the  deep  surface  of  the  capsule  and  radiate  towai'ds  the 
hilus,  where  they  anastomose  together  and  become  again  continuous  with  the  capsule ;  they 
divide  the  interior  of  the  gland  into  lobes.  Where  they  spring  from  the  capsule  they  are 
flattened,  but  as  they  approach  the  centre  of  the  gland  they  become  rounded  ;  their  structure  is 
the  same  as  that  of  the  capsule,  and  from  their  surfaces  the  secondary  trabeculfe  are  given  off. 
The  secondary  trahectdce,  springing  from  the  surfaces  of  the  primary  trabeculse,  cross  the 
lynijjh  sinuses  and  enter  the  lymph  cords  and  follicles,  where  they  terminate  by  dividing  into 
tertiary  trabeculse.  As  they  cross  the  lympli  sinuses  they  anastomose  freely  together,  forming  a 
fine  mesh-work  through  which  the  lymph  passes  in  its  course  from  the  afferent  to  the  efferent 
vessels.  The  secondary  trabecule  consist  of  fine  strands  of  fibrous  tissue  devoid  of  nuclei,  and 
their  surfaces  are  covered  with  endothelial  cells.  The  tertiary  trahecuhi  are  finer  and  more 
delicate  than  the  secondary  trabeculse,  from  the  terminations  of  which  they  spring,  but  they 
have  a  similar  structure.  They  anastomose  together,  forming  a  fine  network  in  the  lymph  cords 
and  follicles,  and  the  spaces  of  the  network  are  filled  with  lymjjh  corpuscles. 

(2)  The  lympli  sinuses  lie  beneath  the  capsule  and  around  the  jjrimary  trabeculse  which 
form  their  boundaries  on  one  side,  whilst  on  the  other  they  are  limited  by  the  lymph  cords 
and  follicles.  They  are  traversed  by  the  secondary  trabeculse,  and  their  channels  are  thus 
converted  into  a  kind  of  sponge-work  through  which  the  lymph  stream  flows.  In  the  perijiheral 
or  cortical  parts  (substantia  corticalis)  of  the  glands  they  form  more  or  less  cylindrical  channels, 
but  towards  the  central  or  medullary  parts  (substantia  medullaris)  and  near  the  hilus  they 
become  moniliform.  Afferent  vessels  (vasa  aft'erentia)  enter  the  sinuses  whicli  lie  immediately 
beneath  the  cajisule  at  various  points,  whilst  the  eft'erent  vessels  (vasa  efferentia)  emerge  close 
together  at  the  hilus. 

(3)  The  lymph,  follicles  and  cords  are  interposed  between  tlie  lymph  sinuses.  They  consist 
of  dense  masses  of  lymphoid  cells  embedded  in  a  stroma  formed  by  the  tertiary  trabecuhe.  The 
follicles  and  cords  are  quite  similar  in  structure,  but  the  follicles  are  large  masses  which  inter- 
vene between  the  sinuses  in  the  cortex  of  the  gland,  and  the  cords  are  rounded  and  irregular 
strands  which  lie  between  the  moniliform  sinuses  of  the  medullary  portion. 

It  is  generally  believed  that  the  lymph  corpuscles  in  the  follicles  and  cords  are  white  blood 
corjDuscles  undergoing  proliferation.  If  this  belief  is  well  founded,  lymph  glands  must  be  looked 
upon  as  one  of  the  sources  from  which  white  corpuscles  are  derived. 

The  lymph  glands  are  embedded  in  the  eouuective  tissues,  some  lying  super- 
ficially in  the  subcutaneous  tissues,  but  the  majority  more  deeply  and  usually  at 
the  sides  of  the  great  blood-vessels.  As  a  rule  they  are  arranged  in  groups  of 
from  two  to  fifteen,  but  a  few  of  those  which  lie  in  the  subcutaneous  tissues  are 
solitary. 

They  form  centres  to  wliich  afferent  lymphatic  vessels  converge,  and  fr<jm 
which  efferent  vessels  pass  onwards  to  the  larger  lymph  channels. 

The  student  should  therefore  acquaint  himself  with  the  various  groups  of 
glands,  with  their  afferents  and  efferents,  and  with  the  exact  position  and  relations 
of  the  large  lymphatic  trunks ;  he  will  then  be  in  a  position  to  understand  the 
course  which  minute  organisms  or  particles,  which  have  gained  access  to  the  lympli 
spaces,  may  take  as  they  are  carried  in  the  lymph  stream,  and  he  will  realise  that 
such  structures  may  either  be  entangled  in  the  glands  through  whicli  the  lymph 
passes,  or,  having  escaped  all  obstructions,  that  they  will  finally  enter  the  veins  at 
the  root  of  the  neck.  At  the  same  time,  if  he  bears  in  mind  the  existence  of 
the  numerous  anastomoses  between  the  lymphatic  vessels,  he  will  have  no  difficulty 
in  appreciating  that  variations  from  any  regular  course  may  not  infrequently 
occur,  and  his  clinical  experience  at  a  later  period  will  show  that  such  variations 
are  by  no  means  uncommon. 

THE  TEEMINAL  LYMPH  VESSELS. 

The  terminal  lymph  vessels  are  the  thoracic  duct  and  the  right  lymphatic  duct. 

Thoracic  Duct. — The  thoracic  duct  (ductus  thoracicus)  is  the  larger  and 
the  longer  of  the  two  terminal  lymph  vessels.  It  commences  in  the  umbilical 
region  of  the  abdomen  as  an  elongated  ovoid  dilation — ^the  receptaculum  chyli 
(cisterna  chyli) — which  measures  6  to  8  mm.  to  ^  in.)  in  its  broadest  diameter, 
and  from  5  to  7-5  cm.  (2  to  3  in.)  in  length.  The  receptaculum  chyli  lies  between 
the  aorta  and  the  lower  part  of  the  vena  azygos  major,  under  cover  of  the  right  crus 
of  the  diaphragm,  and  opposite  the  first  and  second  lumbar  vertebra;.  Passing 
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upwards  from  the  receptaciiluin,  the  thoracic  duct  traverses  the  aortic  opening 
of  the  diaphragm  and  enters  the  posterior  mediastinum,  through  which  it  ascends, 
lying  in  front  of  the  vertebral  column  and  to  the  riglit  of  the  middle  line,  to  the 
level  of  the  fifth  dorsal  vertebra ;  it  then  crosses  somewhat  abruptly  from  the  right 
to  the  left  of  the  median  plane,  and  ascends  through  the  superior  mediastinum  to 
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Fig.  592. — The  Thouacic  Duct  and  its  Thibutaries. 


the  root  of  the  neck,  where  it  turns  outwards,  between  the  verteliral  and  common 
carotid  arteries,  to  terminate  at  the  inner  border  of  tlie  scalenus  anticus  by 
joining  the  commencement  of  the  left  innominate  vein. 

Length  and  diameter. — The  total  length  of  the  duct  averages  aliout  18  inches 
(45  cm.).  It  is  dilated  both  at  its  origin  and  termination.  As  a  rule  it  is 
narrowest  opposite  the  fifth  dorsal  vertebra,  but  its  calibre  is  very  variable,  and 
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sometimes  the  thoracic  portion  is  Ijrokeii  up  into  a  series  of  anastomosing  channels. 
The  widest  portion  of  the  tube  is  usually  the  receptaculum,  ]:)ut  occasionally  this 
dilatation  is  entirely  absent.  The  duct  is  provided  with  several  valves,  formed  by 
semilunar  folds  of  the  inner  coat,  arranged  in  pairs,  and  the  most  perfect  of  these 
is  situated  at  the  orifice  of  communication  witli  the  innominate  vein. 

Relations. — In  the  abdomen  the  receptacuhim  chyli  lies  in  front  of  the  upper  two 
lumbar  vertebrEe,  between  the  aorta  on  the  left  and  the  vena  azygos  major  and  the  right 
ci'us  of  the  diaphragm  on  the  right.  In  the  posterior  mediastinimi  it  is  separated  from 
the  vertebral  column  and  the  anterior  common  hgament,  by  tbe  right  aortic  intercostal 
arteries  and  the  transverse  parts  of  the  small  azygos  veins ;  it  is  covered  in  front  in  the 
lower  part  of  its  extent  by  the  right  pleural  sac,  and  in  the  upper  part  by  the  oesophagus ; 
to  its  right  is  the  vena  azygos  major,  and  to  its'  left  the  descending  aorta.  In  the 
superior  mediastinum  it  passes  forwards  from  the  vertebral  cohmin,  and  it  is  separated 
from  the  left  longus  colli  nuiscle  by  a  mass  of  fatty  tissue ;  iu  front  of  it,  in  the  lower  part 
of  this  region,  is  the  terminal  part  of  the  arch  of  tbe  aorta,  and  at  a  higher  level  the  left 
subclavian  artery.  As  the  duct  enters  the  root  of  the  neck  it  passes  behind  the  left 
common  carotid  artery,  whilst  to  its  right  and  somewhat  in  front  is  the  a?sophagus,  and 
to  its  left  the  left  pleura. 

At  the  root  of  the  neck  it  arches  outwards  above  the  apex  of  the  pleural  sac  and  the 
first  part  of  the  left  subclavian  artery.  It  passes  in  front  of  the  vertebral  artery  and 
vein,  the  root  of  the  inferior  thyroid  artery,  the  inner  border  of  the  scalemis  anticus  and 
the  phrenic  nerve,  and  behind  the  left  carotid  sheath  and  its  contents. 

Tributaries. — The  receptaculum  chyli  generally  receives  five  tributaries.  (1)  The 
common  intestinal  lymphatic  trunk  (truncus  intestinalis),  which  conveys  lymph  from 
the  lower  and  anterior  part  of  the  liver,  the  stomach,  tlie  small  intestine,  the  spleen, 
and  the  pancreas.  (2)  Two  common  lumbar  lymphatic  trunks  (trunci  lumbales),  one 
on  each  side ;  they  carry  lymph  from  the  lower  extremities,  from  the  deep  portions 
of  the  abdonnnal  and  pelvic  walls,  the  large  intestine  and  the  pelvic  viscera,  and 
from  the  kidneys  and  suprarenal  capsules  ;  and  (3)  two  descending  lymphatic  trunks, 
one  on  each  side,  each  of  which  is  formed  by  the  efferent  vessels  from  the  corre- 
sponding lower  intercostal  glands ;  these  descend  to  the  receptaculum  through  the 
aortic  opening  of  the  diaphragm. 

In  its  course  through  the  posterior  mediastinum  the  thoracic  duct  receives 
efferents  from  some  of  the  lower  intercostal  glands  on  the  left  side,  a  few  from  the 
upper  and  back  part  of  the  liver,  and  others  from  the  posterior  mediastinal  glands. 

In  the  superior  mediastinum  the  vessels  which  open  into  it  are  derived  from 
the  upper  left  intercostal  glands,  the  left  half  of  the  heart  and  pericardium,  and 
the  left  lung  and  pleura.  It  also  receives  some  of  the  efferents  of  the  superior 
mediastinal  and  sternal  glands. 

At  the  root  of  the  neck,  just  before  its  termination,  it  receives  the  efferents 
from  the  glands  of  the  left  upper  extremity,  which  frequently  unite  to  form  a  com- 
mon trunk  (truncus  subclavius),  and  the  left  common  jugular  lymphatic  (truncus 
jugularis),  wdaich  conveys  the  lymph  from  the  left  side  of  the  head  and  neck. 

Right  Lymphatic  Duct.  —  The  right  lymphatic  duct  (ductus  lymphaticus 
dexter,  Fig.  596)  is  a  short  trunk,  from  half  to  three-quarters  of  an  inch  (12  to 
17  mm.)  in  length,  which  lies  at  the  right  side  of  the  root  of  the  neck  along  the  inner 
border  of  the  scalenus  anticus.  It  is  formed  by  the  confluence  of  the  right  common 
jugular  lymphatic  vessel  and  the  efferent  vessels  from  the  glands  of  the  right 
upper  extremity ;  it  also  receives  efferents  from  the  intercostal  glands  of  the  upper 
intercostal  spaces  on  the  right  side  and  from  the  visceral  thoracic  glands  on 
the  right  side.  It  thus  receives  lymph  from  the  right  side  of  the  head  and  neck, 
the  right  upper  limb  and  the  right  side  of  the  trunk,  including  the  upper  part  of 
the  thoracic  wall,  the  right  lung  and  pleura,  the  right  half  of  the  heart  and  peri- 
cardium, the  right  side  of  the  diaphragm,  and  the  upper  surface  of  the  liver. 

•     THE  LYMPHATIC  VESSELS  AND  GLANDS  OF  THE  HEAD  AND  NECK. 

The  lymphatic  vessels  of  the  head  and  neck  form  two  groups,  (1)  the 
intracranial  and  (2)  the  extracranial.  ' 


864 


THE  VASCULAE  SYSTEM. 


(1)  The  intracranial  lymphatics  are  (a)  the  cerebral  and  (b)  the  meningeal. 
(«)  The  cerebral  lymphatic  vessels  commenca  in  the  substance  of  the  brain  as 
perivascular  spaces  round  the  branches  of  the  cerebral  arteries ;  they  accompany 
the  cerebral  branches  of  the  internal  carotid  and  the  vertebral  arteries,  and,  leaving 
the  skull  with  the  main  arterial  trunks  and  the  internal  jugular  vein,  terminate  in 

the  upper  deep  cervical 
glands. 

(5)  The  meningeal 
lymphatic  vessels  coiu- 
mence  in  the  substance 
<if  the  dura  mater; 
they  accompany  the 
meningeal  blood- 
vessels, and  they  ter- 
minate in  the  internal 
maxillar}'  glands  and 
in  the  upper  deep 
cervical  glands. 

(2)  The  extra- 
cranial lymphatics 
are  either  (a)  super- 
ficial or  (b)  deep,  and 
the  two  sets  anasto- 
mose freely  together. 

(ft)  The  superficial 
lymphatic  vessels  com- 
mence in  the  sub- 
cutaneous tissues  and 
in  the  superficial 
muscles  of  the  face  and 
scalp. 

(b)  The  deep  lym- 
phatic vessels  originate 
ill  the  walls  of  the 
nose  and  mouth,  in 
the  tongue,  in  the 
walls  of  the  pharynx, 
the  oesophagus,  the 
larynx  and  trachea,  in 

Fig.  .59?..— Lymph.\tic  Vessels  .\nd  Gl.\nds  of  the  Head  and  Neck.  ^^^^  .  contents    ot  the 

The  ileep  lymphatics  are  coloured  red,  the  .superticial  black.    lu  each  set  Orbital     and  other 

tlie  art'erent  vessels  are  shown  in  continuous  lines  ;  the  efferent  and  inter-  extracranial  fosScB  and 
glandular  vessels  are  represented  by  dotted  lines. 

B.     Buccal  glands.  P.      Superficial  parotid  glands. 

D.C.  Deep  cervical  glands.  S.      Submaxillary  glands. 

I.L.   luft-adaryngeal  glands.  S.C.   Superficial  cervical  glands. 

M.     Mastoid  glands.  S.M.  Submental  glands. 

O.      Occipital  glands.  T.      Tracheal  glands. 

Z.      Zygomatic  glands. 


in  the  muscles,  bones, 
and  ligaments  of  the 
neck. 

All  the  extracranial 
lymphatic  vessels,  both 
superficial  and  deep, 
are  afferents  to  some  of  the  glands  of  the  head  or  neck,  and  their  general  distribu- 
tion and  terminations  are  mentioned  in  connexion  with  the  glands  with  which 
they  are  ass(jciated. 

The  lymphatic  glands  of  the  head  include  the  followmg  : — ■ 
The  occipital  glands  (lyniphogiandulce  occipitales),  two  or  three  in  number, 
are  embedded  in  the  superficial  fascia  over  the  upper  part  of  the  trapezius 
muscle.  They  receive  afferent  vessels  from  the  occipital  region  of  the  scalp  and 
from  the  superficial  parts  of  the  upper  and  back  portion  of  the  neck,  and  their 
cfferents  termiuate  in  the  superficial  cervical  glands. 

The  mastoid  glands  (lyniphoglandulfe  auriculares  posteriores)  lie  in  the  super- 
ficial fascia  on  the  upper  part  of  the  sterno-mastoid  muscle  and  on  the  mastoid 
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portion  of  the  .temporal  bone.  They  receive  afferent  vessels  from  the  posterior 
part  of  the  parietal  region  of  the  scalp,  and  from  the  inner  surface  of  the  pinna ; 
their  efferents  join  the  snperiicial  cervical  glands. 

The  zygomatic  or  internal  maxillary  glands  (lymphoglandulee  faciales  profundse) 
are  very  variable  both  in  number  and  size ;  they  lie  with  the  internal  maxillary 
artery  on  the  posterior  part  of  the  buccinator  muscle,  and  on  the  anterior  part  of 
the  wall  of  the  pharynx.  Their  afferent  vessels  are  derived  from  the  orbit,  the 
temporal  fossa,  the  zygomatic  fossa,  the  palate,  the  nose,  and  the  cerebral  meninges. 
Their  efferent  vessels  open  into  the  upper  deep  cervical  glands. 

The  parotid  lymphatic  glands  (lymphoglandulse  auriculares  anteriores),  which 
are  embedded  in  the  substance  of  the  parotid  gland,  some  superficially  and 
others  deeply.  The  superficial  receive  afferents  from  the  frontal  and  the  temporal 
regions  of  the  scalp,  from  the  eyebrow,  the  upper  and  lower  eyelids,  the  upper  part  of 
the  cheek,  the  root  of  the  nose,  and  the  outer  surface  of  the  pinna.  Their  efferents  pass 
to  the  superficial  and  the  upper  deep  cervical  glands.  Tlie  deep  parotid  lymphatic 
glands  (lympho-giandulce  parotidese)  lie  along  the  course  of  the  upper  part  of  the 
external  carotid  artery.  They  receive  afferents  from  the  external  meatus,  the  soft 
palate,  the  posterior  part  of  the  nose,  and  the  deeper  portions  of  the  cheek.  Their 
efferents  open  into  the  upper  deep  cervical  glands. 

The  buccal  lymphatic  glands  are  few  in  number  and  small  in  size ;  they  lie 
on  the  outer  surface  of  the  anterior  part  of  the  buccinator  muscle.  Their  afferents 
are  derived  from  the  cheek  and  the  side  of  the  face,  and  their  efferents  join  the 
deep  parotid  and  submaxillary  glands. 

The  lingual  glands  (lymphoglandulte  linguales)  lie  between  tlie  genio-hyo-giossi 
muscles  and,  on  the  outer  surfaces  of  the  hyo-giossus  and  genio-hyo-glossus  muscles, 
under  cover  of  the  mylo-hyoid ;  they  receive  afferent  vessels  from  the  floor  of  the 
mouth  and  the  anterior  part  of  the  tongue.  Their  efferents  .terminate  in  the  upper 
deep  cervical  glands. 

The  lymphatic  glands  of  the  neck  include : — 

The  superficial  cervical  lymphatic  glands  (lymphoglandulte  cervicales  super- 
ficiales).  These  lie  on  or  are  embedded  in  the  deep  fascia  along  the  course  of  the 
external  jugular  vein,  superficial  to  the  sterno- mastoid  and  along  its  posterior 
border.  They  receive  afferent  vessels  from  the  superficial  tissues  of  the  neck,  the 
occipital,  the  mastoid,  the  superficial  parotid,  and  the  submaxillary  lymphatic 
glands.  Their  efferent  vessels  terminate  in  the  upper  and  the  lower  deep  cervical 
glands. 

The  submaxillary  lymphatic  glands  (lymphoglanduhe  submaxillares)  are  in  the 
submaxillary  triangle  and  in  relation  with  the  superficial  and  deep  surfaces  of 
the  submaxillary  gland.  Those  which  are  more  superficially  situated  receive 
afferent  vessels  from  the  superficial  part  of  the  nose  and  from  the  front  and  lower 
part  of  the  face,  including  the  upper  lip  and  the  outer  part  of  the  lower  lip,  whilst 
the  afferents  of  the  more  deeply  situated  glands  are  derived  from  the  floor  of  the 
mouth,  the  anterior  part  of  the  tongue,  and  from  the  sulilingual  and  submaxillary 
salivary  glands.  The  efferent  vessels  open  partly  into  the  superficial  and  partly 
into  the  upper  deep  cervical  glands. 

The  supra-hyoid  glands,  usually  two  or  three  in  number,  lie  beneath  the  chin  on 
the  surface  of  the  mylo-hyoid  muscle  and  between  the  anterior  bellies  of  the  digastric 
muscles.  They  receive  afferent  vessels  from  tlie  lower  lip  and  the  chin,  and  their 
efferents  terminate  in  the  superficial,  and  in  the  upper  deep  cervical  glands. 

The  post-pharyngeal  glands  lie  beliind  the  upper  part  of  the  pharynx  in  front 
of  the  upper  two  cervical  vertebrse.  They  receive  afferents  from  the  pharynx, 
the  prevertebral  muscles  and  fascia,  and  the  posterior  part  of  the  nose.  Their 
efferents  open  into  the  upper  deep  cervical  glands. 

The  pre-laryngeal  glands  are  very  variable,  but  occasionally  one  or  two  small 
glands  are  found  in  front  of  the  lower  part  of  the  larynx,  between  the  crico-thyroid 
muscles.  They  receive  afferent  vessels  from  the  lower  part  of  the  larynx,  the  upper 
part  of  the  trachea,  and  the  thyroid  body.  Their  efferents  terminate  in  the  upper 
deep  cervical  glands. 

The  pre-tracheal  glands  are  usually  of  small  size.  They  lie  on  the  anterior 
55 
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surface  of  the  trachea,  receiving 
afferents  from  the  trachea  and  the 
lower  part  of  the  thyroid  body,  and 
giving  efferents  to  the  lower  deep 
cervical  glands. 

The  deep  cervical  glands  lie  along 
the  course  of  the  internal  jugular 
vein,  and  at  the  root  of  the  neck 
extend  outwards  along  the  subclavian 
vein.  They  form  two  groups,  an 
upper  and  a  lower,  (a)  The  uipinr 
deep  cervical  glands  (lymphoglandulaj 
cervicales  profundse  superiores)  extend 
from  the  base  of  the  skull  to  the 
])ifurcation  of  the  common  carotid 
artery.  They  receive  afferents  from 
the  interior  of  the  cranium,  the 
posterior  part  of  the  nose,  the  walls 
of  the  pharynx,  the  tonsil,  the  upper 
part  of  the  larynx,  the  thyroid  Ijody, 
the  posterior  and  deep  parts  of  the 
tongue,  and  from  all  the  glands  of  the 
head  and  neck  except  the  occipital, 
mastoid,  superficial  parotid,  pre- 
tracheal, and  the  lower  deep  cervical 
glands.  Their  efferents  terminate  in 
the  lower  deep  cervical  glands,  (h) 
The  lower  deep  cervical  glands  (lym- 
phoglandulaj  cervicales  profundae 
inferiores)  lie  along  the  lower  part  of 
the  internal  jugular  vein,  and  they 
extend  outwards  into  the  lower  part 
of  the  posterior  triangle.  Their 
afferents  are  derived  from  the  upper 
deep  cervical  glands,  the  superficial 
cervical  glands,  the  pre -tracheal 
glands,  the  oesophagus,  the  trachea, 
the  lower  part  of  the  pre-vertebral 
region,  and  the  infra -clavicular 
glands.  Their  efferents  usually  unite 
to  form  a  common  jugular  lymphatic_^ 
trunk  which  opens  on  the  right  side 
into  the  right  lymphatic  duct,  and 
on  the  left  into  the  thoracic  duct. 


LYMPHATIC  GLANDS  AND 
VESSELS  OF  THE  UPPER  EX- 
TREMITY. 

The  lymphatic  glands  of  the 
upper  extremity  are  divisilile  into 

(1)  superficial  and  (2)  deep  sets. 
Fig.   594. — Superficial   Lymphatic   Vessels   or   the  ^     /i\  ^r^^  «  ■  i     i     /i  T 

Trunk,  AND  THE  Lymphatic  Gla:<ds  AND  Vessels—  -"^"^  supernciai  gianas  ue  m 

Superficial  and  Deep — of  the  Limbs  (diagram- 
matic).   All  superficial  lymphatics  are  printed  black  ;  the  deep  lymphatics  throughout  are  coloured  red. 
Afferent  vessels  are  represented  liy  continuous  lines  ;  efferent  and  iuterglandular  vessels  by  dotted  lines. 

A.A.  Anterior  axillary  glands.  E.A  External  axillary  glands.  P.A.  Posterior  axillary  glands. 

A.C.  Ante-cubital  glands.  L  Inguinal  glands.  S.C.  Supra-trochlear  glands. 

A.L   Anterior  tiljial  glands.  LC.  Infra-clavicular  glands.  S.F.  Superficial  femoral  glands. 

D.F.  Deep  femoral  glands.  P.  Pubic  glands.  U.  Urethral  lymphatics. 
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the  subcutaneous  tissue,  and  furni  two  groups,  a  lower  and  an  upper.  The  loiver 
or  ante-cuhital  group  is  frequently  absent ;  when  present  it  includes  two  or  three 
glands  which  lie  in  front  of  the  elbow ;  they  receive  afferent  vessels  from  the  front 
of  the  forearm  and  from  the  median  part  of  the  palm,  and  they  give  off  efferent 
vessels  which  pass  upwards  and  inwards  along  the  antero-internal  aspect  of  the 
arm.  At  varying  levels  these  efferents  pierce  the  deep  fascia  and  terminate  in  the 
external  axillary  glands.  The  upper  or  supra-troclilear  group  lies  a  short  distance 
above  the  internal  condyle ;  as  a  rule  it  includes  two  glands  only,  but  the  number 
may  be  increased  to  four ;  they  he  close  to  the  commencement  of  the  basilic  vein, 
and  their  afferent  vessels  are  derived  from  the  inner  two  or  three  digits,  the  inner 
side  of  the  forearm,  and  the  inner  side  of  the  palm.  Their  efferents  pass  upwards 
along  the  basilic  vein,  which  they  accompany  through  the  opening  in  the  deep 
fascia ;  they  then  join  the  deep  lymphatics,  which  are  ascending  along  the  brachial 
artery,  and  accompany  them  to  the  external  axillary  glands. 

(2)  The  deep  glands  lie  along  the  vessels  in  the  axilla  and,  just  below  the 
clavicle,  in  the  groove  l^etween  the  pectoralis  major  and  the  deltoid  muscles.  They 
are  accordingly  divisiljle  into  (a)  the  axillary  and  (&)  the  infra-clavicular  glands. 

One  or  two  small  glands  are  occasionally  found  with  the  arteries  of  the  forearm 
and  a  few  with  the  brachial  artery ;  they  receive  deep  afferent  lymphatics  from  the 
adjacent  muscles,  ligaments,  and  the  bones,  and  they  give  off  efferent  vessels  which 
terminate  in  the  external  axillary  glands. 

(a)  The  axillary  glands  are  arranged  in  three  groups — external,  anterior,  and 
posterior.  , 

(i.)  The  external  group  (lymphoglan dulse  axillares)  consists  of  from  six  or  more 
glands  which,  form  a  chain  along  the  antero-internal  aspect  of  the  axillary  vessels, 
extending  from  the  lower  border  of  the  pectoralis  major  to  the  outer  border  of 
the  first  rib.  They  receive  afferent  vessels,  both  superficial  and  deep,  from  the 
whole  of  the  upper  extremity ;  many  of  these  pass  directly  to  the  glands  from  the 
tissues,  the  remainder  include  the  efferents  of  the  superficial  and  deep  glands 
of  the  forearm  and  arm,  the  efferents  of  the  infra-clavicular  glands,  and  some  of 
the  efferents  of  the  anterior  and  posterior  axillary  glands.  The  efferents  of  the 
external  axillary  glands  pass  along  the  subclavian  vein,  occasionally  forming  a 
common  trunk,  and  terminate  on  the  right  side  in  the  right  lymphatic  duct,  and 
on  the  left  side  in  the  thoracic  duct. 

(ii.)  The  anterior  axillary  or  pectoral  glands  (lymphoglandulse  pectorales), 
four  or  five  in  number,  lie  at  the  anterior  part  of  the  axilla,  in  the  angle 
between  the  pectoral  muscles  and  the  serratus  magnus.  They  receive  afferent 
vessels  from  the  superficial  parts  of  the  anterior  and  lateral  walls  of  the  body 
above  the  umbilicus,  and  from  the  outer  two-thirds  of  the  mammary  gland.  Some 
of  their  efferents  pass  to  the  external  axillary  glands,  but  the  majority  accompany 
the  efferent  vessels  of  the  latter  glands  to  their  termination. 

(iii.)  The  posterior  or  subscapular  set  of  axillary  glands  (lymphoglandulse 
subscapulares),  four  or  five  in  number,  lie  along  the  sides  of  the  subscapular 
artery  on  the  posterior  wall  of  the  axilla.  Their  aff'erents  are  the  superficial 
lymphatics  of  the  lateral  and  posterior  parts  of  the  body  -  wall,  above  the 
umbilicus  and  the  superficial  lymphatics  of  the  lower  and  back  part  of  the  neck. 
Their  efferents  either  join  the  external  axillary  glands,  or  they  pass  to  the  root 
of  the  neck,  where  they  anastomose  with  the  lower  cervical  lymphatics,  and  end 
either  in  the  right  lymphatic  or  the  thoracic  duct,  according  to  the  side  on  which 
they  are  situated. 

(Jo)  The  infra -clavicular  glands  lie  deeply  in  the  groove  between  the 
pectoralis  major  and  the  deltoid  muscles,  directly  Ijelow  the  clavicle.  They  receive 
afferents  from  the  oi^ter  side  of  the  arm  and  the  shoulder,  which  accompany  the 
cephalic  vein,  and  their  efferents  pass  to  the  external  axillary  glands  or  to  the 
lower  deep  glands  of  the  neck. 

The  lymphatic  vessels  of  the  upper  extremity  are,  like  the  glands,  arranged 
in  two  sets,  (1)  the  superficial  and  (2)  the  deep. 

The  superficial  lymphatic  vessels  commence  in  cutaneous  plexuses  which  are 
finest  and  most  dense  on  the  palmar  aspects  of  the  fingers  and  hand.    The  efferents 
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from  the  palmar  digital  plexuses  in  each  digit  converge  to  four  trunks,  which  lie 
two  on  each  side  in  the  subcutaneous  tissue  on  the  lateral  margins  of  the  dorsal 
aspects  of  the  digits.  They  accompany  the  dorsal  digital  veins,  and,  at  the 
roots  of  the  digits,  they  pass  to  the  dorsum  of  the  hand,  where  they  anastomose 
together.  The  plexus  in  the  palm  of  the  hand  is  extremely  fine,  and  efferents  pass 
from  it  not  only  upwards,  Init  also  downwards  and  laterally.  The  upper  efferents, 
three  or  four  in  number,  accompany  the  median  vein,  and  terminate  either  in  the 
superficial  glands  at  the  bend  of  the  elbow  or  in  the  supra-trochlear  glands.  The 
lower  efferents  pass  to  the  interdigital  spaces,  and  turn  backwards  to  the  dorsum 
to  join  the  digital  trunks.  The  lateral  efferents  turn  round  the  borders  of  the 
hand,  those  on  the  inner  side  join  the  efferents  from  the  little  finger,  and  those  on 
the  outer  side  the  efferents  from  the  thumb.  Occasionally  some  of  the  efferents 
which  pass  towards  the  outer  side  fuse  to  form  a  fairly  large  trunk,  the  so-called 


Fig.  595. — SuPERprciAL  Lymphatics  of  the  Digits  and  of  the  Dorsal  Aspect  of  the  Hand. 

central  lymphatic  which  turns  round  the  outer  side  of  the  second  metacarpal  bone 
and  unites  with  the  lymphatic  vessels  of  the  thumb  and  index-finger. 

The  superficial  lymphatic  vessels  of  the  forearm,  including  those  which  ascend 
from  the  dorsum  and  the  palm  of  the  hand,  are  grouped,  for  the  main  part,  along 
the  radial,  median,  and  ulnar  veins,  the  lateral  vessels  being  joined  at  intervals  by 
tributaries  from  the  dorsum  of  the  limb. 

The  lymphatic  trunks  which  accompany  the  ulnar  veins  terminate  in  the  supra- 
trochlear glands,  and  those  which  accompany  the  median  vein  in  the  glands  at  the 
bend  of  the  elbow,  the  ante-cubital  glands,  or,  if  these  are  not  present,  in  the 
supra-trochlear  glands. 

The  efferent  vessels  of  the  ante-cubital  and  supra-trochlear  glands  have  already 
been  described  (p.  867). 

A  few  of  the  lymphatics  of  the  outer  side  of  the  forearm  and  some  of  those  of 
the  upper  arm  accompany  the  cephalic  vein  and  terminate  in  the  infra-clavicular 
glands. 

All  the  remaining  superficial  vessels  of  the  upper  arm  and  forearm  pass  towards 
the  axilla.  They  pierce  the  deep  fascia,  and  terminate  in  the  external  set  of 
axillary  glands. 

The  deep  lymphatics  of  the  upper  extremity  commence  in  the  bones, 
periosteum,  ligaments,  muscles,  and  intermuscular  connective  tissue ;  they 
accompany  the  main  vessels,  and  some  of  them  terminate  in  the  deep  glands 
of  the  forearm  and  arm,  ljut  the  majority  ascend  to  the  external  set  of  axillary 
glands. 

THE  LYMPHATIC  GLANDS  AND  VESSELS  OF  THE  LOWER  EXTREMITY. 

Lymphatic  Glands  of  the  Lower  Extremity. — Like  those  of  the  upper 
extremity,  these  are  arranged  in  two  sets,  (1)  superficial  and  (2)  deep. 

(1)  Superficial  Glands. — The  superficial  glands  all  lie  in  the  region  of  the 
groin,  and  form  tliree  groups — the  superior,  the  inferior,  and  the  internal. 

(a)  The  superior  or  inguinal  group  includes  from  four  to  seven  flattened  ovoid 


LYMPHATIC  GLANDS  AND  VESSELS  OF  LOWEK  EXTKEMITY.  869 


glands  which  lie  parallel  with  and  just  below  Poupart's  ligament.  They  receive 
afferent  vessels  from  the  back  and  outer  part  of  the  thigh  and  the  buttock,  and 
the  superficial  lymphatics  from  the  body  wall  below  the  level  of  the  umbilicus, 
except  those  from  the  lower  and  anterior  part  which  pass  to  the  internal  group  of 
glands.  Their  efferents  pass  through  the  deep  fascia,  and  terminate  either  in  the 
deep  femoral  or  the  external  iliac  glands. 

(b)  The  inferior  or  femoral  group  is  formed  by  from  three  to  six  oval  glands  which 
are  disposed  vertically  along  the  upper  part  of  the  internal  or  long  saphenous 
vein.  They  receive  all  the  superficial  lymphatics  of  the  foot  and  leg,  except  a  few 
which  accompany  the  external  saphenous  vein  to  the  popliteal  glands ;  all  the 
superficial  lymphatics  of  the  thigh,  except  those  from  the  upper  and  outer  part, 
which  terminate  in  the  superior  set  of  glands,  and  a  few  from  the  upper  and  inner 
part  which  terminate  in  the  inner  group  of  glands.  The  efferent  vessels  of  the 
femoral  group  pass  through  the  saphenous  opening,  and  terminate  either  in  the 
deep  femoral  glands  or  in  the  external  iliac  glands. 

(c)  The  internal  or  pubic  group  includes  two,  three,  or  four  rounded  glands 
which  lie  internal  to  the  saphenous  opening  and  close  to  the  spine  of  the  pubis. 
They  receive  afferent  vessels  from  the  lower  and  middle  portion  of  the  abdominal 
wall,  from  the  upper  and  inner  part  of  the  thigh,  from  the  external  genitals, 
including  the  lymphatics  of  the  membranous  and  spongy  portions  of  the  urethra 
in  the  male,  or  the  lower  third  of  the  vagina  in  tlie  female,  and  from  the  perineum, 
including  the  lymphatics  of  the  lowest  part  of  the  rectum  and  of  the  anus,  in 
botli  sexes.  The  vessels  from  the  lower  third  of  the  vagina  and  the  corresponding 
part  of  the  rectum  communicate  not  only  with  the  inguinal  glands  but  also  with 
the  internal  iliac  glands.  The  efferent  vessels  of  the  pubic  glands  communicate 
with  the  efferents  of  the  superior  and  inferior  groups,  and,  after  passing  through 
the  saphenous  opening,  they  terminate  either  in  the  deep  femoral  or  the  external 
iliac  glands. 

(2)  Deep  Glands. — The  deep  lymphatic  glands  of  the  lower  extremity  are  found 
on  the  upper  part  of  the  interosseous  membrane  of  the  leg,  in  the  popliteal  space, 
and  in  Scarpa's  triangle. 

The  anterior  tibial  gland  (lymphoglandula  tibialis  anterior)  is  situated  near  the 
anterior  tibial  artery  on  the  upper  part  of  the  front  of  the  interosseous  membrane. 
It  receives  afferent  vessels  from  the  deep  parts  of  the  sole  and  the  dorsum  of  the 
foot,  and  from  the  deep  parts  of  the  front  of  the  leg.  It  gives  off  two  efferent 
vessels  which  pass  backwards  along  the  anterior  tibial  artery  and  terminate  in  the 
popliteal  glands. 

The  popliteal  glands  (lyraphoglandulse  poplitese)  are  four  or  five  in  number ;  they 
lie  in  the  popliteal  space,  generally  round  the  popliteal  artery,  but  occasionally 
there  is  one  immediately  beneath  the  deep  fascia  near  the  entrance  of  the  external 
saphenous  vein.  They  receive  afferent  vessels  from  the  sole  of  the  foot  and  the  back 
of  the  leg,  and  from  the  anterior  tibial  gland ;  they  also  receive  the  superficial 
lymphatics  which  accompany  the  external  saphenous  vein.  The  efferent  vessels 
join  the  deep  femoral  glands. 

The  deep  femoral  glands,  three  or  four  in  number,  lie  on  the  inner  side  of 
the  femoral  vein,  and  the  largest  of  the  group  is  embedded  in  the  crural  canal. 
Their  afferent  vessels  are  the  efferents  of  the  popliteal  glands,  some  of  the 
efferents  from  the  superficial  glands  of  the  groin,  and  the  deep  lymphatic  vessels 
from  the  front  and  outer  side  of  the  thigh  and  knee.  Their  efferents  pass  to  the 
external  iliac  glands. 

Lymphatic  Vessels  of  the  Lower  Extremity. — There  are  two  sets  of  these 
vessels,  (1)  the  superficial  and  (2)  the  deep. 

(1)  Superficial  Vessels. — The  superficial  lymphatics  lie  in  the  subcutaneous 
tissues.  They  commence  in  plexuses  which  are  best  marked  on  the  plantar  aspects 
of  the  toes  and  foot.  The  lymphatic  vessels  which  emerge  from  the  plantar  plexus 
in  each  toe  terminate  in  four  digital  vessels  which  are  arranged  in  pairs  along  the 
dorso-lateral  border  of  the  digit,  and  these  end  posteriorly  in  a  plexus  on  the 
dorsum  of  the  foot. 

Some  of  the  vessels  which  drain  the  plexus  in  the  sole  of  the  foot  turn  round 
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the  outer  and  inner  borders  of  the  foot  and  join  the  dorsal  plexus,  whilst  others  pass 
up  the  leg  with  the  efferent  vessels  from  the  dorsal  plexus. 

The  efferent  vessels  from  the  dorsal  lymphatic  plexus  of  the  foot  form  two 
groups,  an  inner  and  an  outer.  The  inner  vessels  are  the  more  numerous,  and 
they  are  joined  by  additional  vessels  from  the  inner  part  of  the  sole  and  heel. 
Some  of  them  pass  upwards  in  front  of  and  others  behind  the  internal  malleolus ; 
in  the  leg  they  accompany  tlie  internal  saphenous  vein,  and  they  terminate  in  the 
lower  or  femoral  set  of  superficial  glands.  The  outer  group  of  vessels  is  reinforced 
by  tributaries  from  the  outer  side  of  the  sole  and  heel,  most  of  the  vessels  of 
this  group  pass  upwards  in  front  of  the  external  malleolus,  but  some  go  behind 
that  prominence  of  bone  ;  they  gradually  turn  inwards  as  they  ascend,  and,  passing 
across  the  front  of  the  leg,  they  join  the  internal  group,  being  first  reinforced  by 
numerous  additional  vessels  from  the  front  and  outer  side  of  the  leg,  and  they 
terminate  witli  the  vessels  of  the  inner  group  in  the  superficial  femoral  glands. 

A  few  vessels  of  the  outer  group,  and  one  or  two  large  vessels  which  rise  from 
the  back  of  the  heel  and  the  lower  part  of  the  leg,  ascend  along  the  external 
saphenous  vein,  pierce  the  popliteal  fascia,  and  terminate  in  the  popliteal 
glands. 

The  superficial  lymphatic  vessels  from  the  front,  the  lower  and  outer,  lower 
and  inner,  and  the  back  parts  of  the  thigh  and  knee,  terminate  in  the  superficial 
femoral  glands.  The  vessels  from  the  upper  and  outer  parts  of  the  thigh  and 
from  the  buttock  end  in  the  superficial  inguinal  glands,  and  those  from  the 
upper  portions  of  the  inner  and  back  parts  of  the  thigh  in  the  superficial  pubic 
glands. 

(2)  Deep  Vessels. — The  deep  lymphatics  of  the  lower  extremity  commence  in 
the  bones,  periosteum,  ligaments,  muscles,  and  deep  connective  tissue.  They  follow 
the  main  arteries,  and  they  terminate  in  the  anterior  tibial,  popliteal,  and  deep 
femoral  glands. 

The  vessels  which  terminate  in  the  anterior  tiljial  gland  have  already  been 
mentioned. 

The  majority  of  the  deep  vessels  from  the  sole  accompany  the  plantar  arteries ; 
they  ascend  in  the  leg  along  the  posterior  til)ial  vessels,  and  are  joined  by  the  deep 
lymphatics  of  the  back  of  the  leg  which  accompany  the  peroneal  and  posterior 
tibial  arteries.  At  the  lower  border  of  the  popliteus  the  deep  vessels  of  the  back 
of  the  leg  meet  the  efferent  vessels  from  the  anterior  tibial  gland  and  ascend  with 
them  to  the  pophteal  glands. 

The  deep  lymphatics  of  the  front  of  the  thigh  and  the  efferents  of  the 
popliteal  glands  end  in  the  deep  femoral  glands ;  those  of  the  upper  part  of 
the  back  of  the  thigh  and  buttock  accompany  the  sciatic  and  gluteal  vessels,  and 
terminate  in  the  internal  iliac  glands ;  the  deep  vessels  wliich  originate  amidst 
the  upper  portions  of  the  adductor  muscles  and  their  surroundings  accompany 
the  obturator  vessels,  and  terminate  in  the  obturator  or  in  the  internal  iliac 
glands. 

THE  LYMPHATIC  GLANDS  AND  VESSELS  OF  THE  ABDOMEN  AND 

PELVIS. 

The  superficial  lymphatics  of  the  abdominal  wall  have  already  been  sufficiently 
referred  to  as  afferent  vessels  of  the  axillary  glands  and  of  the  superficial  glands 
of  the  groin. 

Deep  Lymphatic  Glands  and  Vessels. — The  lymphatic  glands  of  the  abdomen 
and  pelvis  are  arranged  in  two  main  groups,  (1)  the  visceral  glands  and  (2)  the 
parietal  glands.  The  visceral  glands  lie  in  close  relation  with  the  walls  of  the 
viscera  or  in  the  folds  of  peritoneum,  by  which  the  viscera  are  either  connected 
together  or  attached  to  the  walls  of  the  abdomen  (»r  pelvis;  they  receive  the 
majority  of  the  lymphatic  vessels  from  the  viscera  with  wliich  they  are  associated. 
The  parietal  glands  lie  between  the  peritoneum  and  the  walls  of  the  abdomen  and 
pelvis ;  they  receive  deep  vessels  from  the  abdominal  and  pelvic  parietes,  and  from 
the  deep  parts  of  the  thigh  and  buttock.    They  also  receive  efferent  lymphatics 
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from  the  glands  of  the  lower  extremities,  as  well  as  some  of  the  efferent  vessels 
from  the  visceral  glands,  and  a  few  vessels  which  x^ass  directly  to  them  from 
the  walls  of  the 
viscera. 

(1)  The  vis- 
ceral glands  in- 
clude tlie  follow- 


Gastric  Glands. 

• — These  lie  along 
the  borders  of  the 
stomach  in  the 
gastro  -  hepatic 
( lymphoglandul<e 
gastricte  super- 
iores),  tlie  gastro- 
colic (lympho- 
glandula3  gastricie 
inferiores),  and 
the  gastro-splenic 
omenta  ;  they 
receive  afferent 
vessels  from  the 
walls  of  the 
stomach,  and  they 
give  off"  efferent 
vessels  which  ter- 
minate in  the 
cceliac  glands. 
The  efferents 
which  issue  from 
the  glands  along 
the  small  curva- 
ture follow  the 
branches  of  the 
coronary  artery, 
those  from  the 
glands  along  the 
lower  part  of  the 
great  curvature 
accompany  the 
right  gastro- 
epiploic artery, 
and  the  efferents 
from  the  glands 
along  the  left  part 
of  the  great  cur- 
vature, running 
l^y  the  sides  of  the 
gastric  branches 
of  the  splenic 
artery,  pass  back- 
wards through 
the  gastro-splenic 
omentum  to  the 
hilus     of  the 


Fio.  596. — Deef  Lymphatic  Glands  and  Vessels  of  the  Thorax  and 
Abdomen  (diagrammatic). 

Lateral  lymphatics  are  coloured  black,  aud  mesial  red.  Afferent  vessels  are  repre- 
sented hy  continuous  lines,  and  effeient  and  iiiterglandular  vessels  by  dotted  lines. 
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Common  iliac  glands. 
Common  intestinal  trunk. 
Deep  cervical  glands. 
External  iliac  glands. 
Intercostal  glands  and  vessels. 
Internal  iliac  glands. 
Lumbar  glands. 


M.  Mediastinal  glands  and  vessels. 

P.A.  Pre-aortic  glands  and  vessels. 

R.C.  Receptaculum  chylii. 

R.L.D.  Right  lymphatic  duct. 

S.  Sacral  glands. 

S.A.  Scalenus  anticus  muscle. 

T.D.  Thoracic  duct. 


spleen,  where  they  join  the  splenic  lymphatics,  with  which  they  pass  through 
lieno-renal  ligament  to  the  cceliac  glands. 

The  splenic  glands  lie  near  the  hilus  of  the  spleen  in  relation  with  the 


the 


tail 
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of  the  pancreas ;  they  receive  the  lymph  vessels  from  the  capsule  and  from 
the  sul)stance  of  the  spleen.  Their  efferent  vessels,  accompanied  by  some  of 
the  lymphatics  from  the  left  part  of  the  great  curvature  of  the  stomach,  pass 
invpards  in  the  lieno-renal  ligament  and  terminate  in  the  coeliac  glands. 

The  hepatic  glands  (lymphoglanduhe  hepaticte)  are  situated  in  the  upper  part 
of  the  small  omentum  below  the  transverse  fissure  of  the  liver ;  they  receive  the 
deep  lymphatics  of  the  liver  which  accompany  the  branches  of  the  portal  vein, 
and  many  of  the  superficial  Ij^mphatics  from  the  under  surface  of  the  liver. 
Their  efferent  vessels  accompany  the  hepatic  artery  and  terminate  in  the  coeliac 
glands. 

The  pancreatic  glands  (lymphoglandulse  pancreaticie)  lie  along  the  upper 
border  of  the  pancreas  I  sehind  the  small  sac  of  the  peritoneum ;  they  receive  the 
lymphatics  which  issue  from  the  pancreas  and  from  the  diaphragmatic  glands,  and 
their  efferent  vessels  terminate  in  the  coeliac  glands. 

The  mesenteric  glands  (lymphogiandulse  mesentericse)  are  numerous  (100  to 
200) ;  they  are  scattered  between  the  layers  of  the  mesentery,  and  are  most 
numerous  in  that  portion  of  the  mesentery  which  is  connected  with  the  jejunum. 
They  vary  in  size,  but  the  largest  are  rarely  larger  than  an  almond ;  the  smaller 
glands  lie  near  the  intestine,  and  the  larger  near  the  attached  border  of  the 
mesentery.  They  receive  afferent  vessels  from  the  walls  of  the  jejunum  and  ileum, 
and  from  the  ascending  colon,  the  ctecum,  and  the  transverse  colon.  Their  elferents 
terminate  in  the  pre-aortic  glands. 

The  ileo-colic  glands  are  situated  in  the  lowest  part  of  the  mesentery  near 
the  angle  between  the  ileum  and  the  ascending  colon.  They  receive  afferent 
vessels  from  the  lowest  part  of  the  ileum,  from  the  ciecum,  and  from  the  vermi- 
form appendix,  and  their  efferent  vessels  pass,  with  those  of  the  other  mesenteric 
glands,  into  the  pre-aortic  glands.  The  ileo-colic  glands  are  four  or  five  in 
number,  and  occasionally  one  of  them,  the  appendicular  gland,  is  separated  from  the 
rest,  and  is  placed  in  the  base  of  the  mesentery  of  the  vermiform  appendix.  This 
gland  is  of  special  interest,  not  only  because  it  receives  the  lymphatics  of  the 
appendix,  but  also  because  in  the  female  some  of  the  lymphatics  of  the  right  ovary 
terminate  in  it. 

The  colic  glands  which  lie  in  relation  with  the  ascending  and  descending 
portions  of  the  colon  and  in  the  transverse  and  iliac  mesocolic  folds  of  the 
peritoneum.  They  receive  the  lymphatic  vessels  which  issue  from  the  portion  of 
the  gut  in  their  immediate  neighbourhood,  and  their  efferent  vessels  terminate  in 
the  lumbar  and  pre-aortic  glands. 

The  rectal  glands  are  a  few  small  glands  which  lie  in  the  meso-i'ectum ;  they 
receive  lymphatic  vessels  from  the  upper  part  of  the  rectum,  and  their  efferent 
vessels  terminate  in  the  lumbar  and  sacral  glands. 

The  coeliac  glands  (lymphoglandultE  coiliacce)  surround  the  coeliac  axis,  and 
lie  in  front  of  the  abdominal  aorta  above  the  origin  of  the  superior  mesenteric 
artery.  They  vary  in  number,  and  are  of  large  size ;  they  receive  the  efferent 
vessels  from  the  gastric,  splenic,  pancreatic,  and  hepatic  glands,  and  their  efferent 
trunks  unite  with  the  efferents  from  the  pre-aortic  glands,  and  form  with  them 
a  single  trunk,  the  common  intestinal  lymphatic  trunk,  which  terminates  in  the 
receptaculum  chyli. 

(2)  The  parietal  glands  of  the  abdomen  and  pelvis  are  as  follows : — 

The  external  iliac  glands  which  lie  along  the  front  and  sides  of  the  external 
iliac  artery.  The  lower  tln-ee  are  just  above  Poupart's  ligament,  one  lying  to 
the  outer  side  of  the  artery,  one  in  front,  and  one  to  the  inner  side.  The  inner  of 
these  three  receives  the  efferent  lymphatics  from  the  deep  femoral  glands.  The 
afferents  of  the  anterior  gland  come  from  the  deeper  parts  of  the  lower  and  the 
middle  portions  of  the  abdominal  wall  in  the  area  corresponding  to  the  distribu- 
tion of  the  deep  epigastric  artery.  The  afferents  of  the  outer  gland  which  accom- 
pany the  deep  circumflex  iliac  artery,  are  derived  from  the  iliac  fossa  and  from  the 
deeper  portions  of  the  lower  part  of  the  lateral  wall  of  the  abdomen.  The  higher 
external  iliac  glands  receive  the  efferents  of  the  lower  glands,  and  also  otlier 
vessels  from  the  lateral  walls  of  the  pelvis. 
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The  efferent  vessels  of  the  external  iliac  glands  pass  to  the  common  iliac  and 
to  the  lumbar  glands. 

The  obturator  gland  is  frequently  absent.  When  present  it  lies  at  the 
posterior  end  of  the  obturator  canal,  and  is  usually  small.  It  receives  afferent 
vessels  from  the  deep  parts  of  the  upper  and  inner  portion  of  the  thigh,  and  its 
efferents  join  the  internal  iliac  glands. 

The  sacral  glands  (lymphogiandulae  sacrales). — This  term  is  applied  to  several 
small  glands  which  lie  in  the  concavity  of  the  sacrum,  behind  the  rectum.  They 
receive  afferent  vessels  from  the  rectum  and  from  the  pelvic  wall,  and  their 
efferents  end  in  the  subaortic  and  lumbar  glands. 

The  sub-aortic  glands  present  many  variations  both  in  number  and  in  size. 
They  lie  in  front  of  the  lower  lumbar  vertebrae,  beneath  the  Ijifurcation  of  the 
aorta.  Their  afferent  vessels  come  from  the  pelvic  walls  and  from  the  sacral 
glands,  and  their  efferents  accompany  the  efferents  of  the  internal  and  common 
iliac  glands,  to  terminate  like  them  in  the  lumbar  and  pre-aortic  glands. 

The  internal  iliac  glands  are  numerous  but  small.  They  lie  on  the  lateral 
wall  of  the  pelvis,  in  front  of  the  internal  iliac  artery  and  the  ureter,  and  in  the 
angle  between  the  internal  and  the  external  iliac  vessels. 

Their  afferents  are  («)  the  lymphatics,  which  accompany  the  gluteal  and  sciatic 
vessels  from  the  deep  parts  of  the  buttock  and  back  of  the  thigh ;  (b)  the  lym- 
phatics from  the  deep  parts  of  the  upper  and  inner  portion  of  the  thigh  and  the 
efferents  of  the  obturator  gland ;  (c)  visceral  lymphatics  from  the  lower  two-thirds 
of  the  uterus,  the  upper  two-thirds  of  the  vagina,  the  bladder,  the  seminal  vesicle 
and  vas  deferens,  the  prostate  and  the  upper  portion  of  the  urethra,  and  from 
the  root  of  the  penis  or  clitoris.  The  efferents  of  the  internal  iliac  glands 
terminate  either  in  the  common  iliac  glands,  in  the  lumbar  glands,  or  in  the  pre- 
aortic glands. 

The  common  iliac  glands  lie  along  the  sides  of  the  common  iliac  arteries ;  they 
vary  both  in  number  and  size  ;  in  some  bodies  there  may  be  only  two  or  three  small 
glands,  whilst  in  others  there  may  be  several  large  glands.  Their  afferent  vessels 
are  derived  chiefly  from  the  external  and  internal  iliac  glands,  and  their  efferents 
terminate  in  the  lumbar  or  the  pre-aortic  glands. 

Lumbar  Glands. — There  are  two  sets  of  lumbar  glands,  («)  the  lateral  and  (&) 
the  median. 

(a)  The  lateral  lumbar  gkmds,  which  are  of  small  size,  lie  close  to  the  transA^erse 
processes  of  the  lumbar  vertebrae  tinder  cover  of  the  psoas  muscle ;  they  receive 
the  afferent  vessels,  which  accompany  the  lumbar  arteries,  from  "the  deeper  portions 
of  the  posterior  part  of  the  abdominal  wall.  Their  efferent  vessels  unite  with  the 
efferent  vessels  of  the  median  lumbar  glands,  and  terminate  with  them,  forming 
a  common  lumbar  lymphatic  tnink  on  each  side. 

(6)  The  median  lumbar  gkmds  lie  along  the  sides  of  the  aorta  and  the  inferior 
vena  cava.  They  are  numerous  and  of  large  size,  and  they  receive  afferent 
vessels  (1)  from  the  lumbar  portion  of  the  vertebral  column  and  the  deeper 
portions  of  the  posterior  part  of  the  abdominal  wall  in  its  immediate  neighbour- 
hood ;  (2)  from  the  common  iliac  glands ;  (3)  from  the  external  iliac  glands ;  (4) 
from  the  internal  iliac  glands ;  (5)  from  the  lateral  lumbar  glands;  (6)  from  the 
kidneys  ;  (7)  from  the  suprarenal  bodies  ;  (8)  from  the  testicles  or  ovaries  ;  (9)  from 
the  upper  part  of  the  uterus;  (10)  from  the  subaortic  glands;  (11)  from  the  crura 
of  the  diaphragm;  (12)  from  the  ascending  and  descending  portions  of  the  colon. 
Their  efferent  vessels  unite  with  some  of  the  efferent  vessels  of  the  lateral  lumbar 
glands,  and  they  terminate  in  two  common  lumbar  lymphatic  trunks,  one  on  each 
side,  which  open  into  the  receptaculum  chyli. 

The  pre-aortic  glands  lie  in  the  extra-peritoneal  fat  in  front  of  the  aorta  and 
the  inferior  vena  cava ;  they  receive  afferent  vessels  from  the  mesenteric  glands 
and  from  the  sub-aortic  glands.  Their  efferents  unite  with  those  of  the  coeliac 
glands  to  form  a  common  intestinal  lymphatic  trunk  which  terminates  in  the 
receptaculum  chyli. 

Deep  Lymphatic  Vessels  of  the  Abdomen  and  Pelvis. — These  require  no 
special  description.    They  have  already  been  referred  to  in  describing  the  deep 
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glands,  and  it  will  be  sufficient  to  say  that,  speaking  generally,  they  accompany  the 
blood-vessels  of  the  viscera  and  of  the  deep  portions  of  the  parietes. 

THE  LYMPHATIC  GLANDS  AND  LYMPHATIC  VESSELS  OF  THE  THORAX. 

Most  of  the  superficial  lymphatic  vessels  of  the  thoracic  wall  are  tributaries 
of  the  axillary  glands,  and  they  have  already  been  descriljed ;  the  rest  will  be 
included  with  the  afferents  of  the  deep  thoracic  glands. 

Deep  Lymphatics  of  the  Thorax. — The  glands  are  arranged  in  two  sets,  (1) 
parietal  and  (2)  visceral. 

1.  Parietal  glands  include  the  following : — 

The  intercostal  glands  (lymphoglandula^  intercostales)  which  lie  in  the  posterior 
parts  of  the  intercostal  spaces  near  the  heads  of  the  ribs,  or  a  little  farther 
out,  between  the  intercostal  muscles.  They  receive  the  lymphatic  vessels  from 
the  deep  parts  of  the  posterior  portions  of  the  thoracic  walls,  including  the 
parietal  pleura,  and  their  efferent  vessels  are  divided  into  ascending  and  descend- 
ing trunks.  The  efferent  vessels  from  the  intercostal  glands  of  the  upper  five 
or  six  spaces  open  either  separately,  or,  after  uniting  into  a  common  trunk 
on  each  side,  into  the  right  lymphatic  duct  on  the  right  side,  and  into  the 
upper  part  of  the  thoracic  duct  on  the  left  side.  The  efferent  vessels  from  the 
intercostal  glands  of  the  lower  four  or  five  spaces  unite  to  form  a  common  trunk 
on  each  side,  which  descends  through  the  aortic  opening  of  the  diaphragm  and 
terminates  in  the  receptaculum  chyli.  Some  of  them  also  communicate  with  the 
thoracic  duct. 

The  internal  mammary  or  sternal  glands  (lymphoglandulte  sternales),  which  lie 
along  the  side  of  the  internal  mammary  artery,  one  or  two,  as  a  rule,  being  placed 
opposite  the  anterior  end  of  each  intercostal  space.  Their  afferents  are  derived  from 
the  deeper  parts  of  the  anterior  portion  of  the  thoracic  wall,  from  the  deep  part  of  the 
front  of  the  abdominal  wall,  by  vessels  which  ascend  along  the  superior  epigastric 
artery,  from  the  inner  portion  of  the  mammary  gland,  and  from  the  anterior  part 
of  the  diaphragm.  The  majority  of  their  efferents  pass  to  the  anterior  mediastinal 
glands,  but  some  of  the  efferents  from  the  upper  sternal  glands  ascend  to  the  root 
of  the  neck,  where  they  join  the  efferents  of  the  lower  deep  cervical  glands. 

The  diaphragmatic  glands  lie  upon  the  upper  surface  of  the  diaphragm.  They 
are  very  irregular  both  in  number  and  size.  Their  afferent  vessels  are  received 
from  the  diaphragm  and  the  upper  surface  of  the  liver,  and  they  give  off  efferents, 
some  of  which  pass  upwards  to  the  anterior  mediastinal  glands,  and  others  which 
descend  to  the  pancreatic  glands  through  the  aortic  orifice  of  the  diaphragm. 

2.  Visceral  Thoracic  Glands. — Of  these  there  are  : — 

The  anterior  mediastinal  glands  (lymphoglandulfe  mediastinales  anteriores)  are 
embedded  in  the  lo'ose  tissue  of  the  anterior  mediastina,l  region.  They  receive 
afferents  from  the  middle  part  of  the  upper  portion  of  the  liver  which  ascend 
through  the  falciform  ligament,  from  the  anterior  part  of  the  diaphragm,  and  from 
the  lower  sternal  glands.  Their  efferents  pass  upwards  to  the  superior  mediastinum, 
where  some  of  them  enter  the  superior  mediastinal  glands,  whilst  others,  continuing 
upwards,  terminate  on  the  right  side  in  the  right  lymphatic  duct,  and  on  the  left 
side  in  the  thoracic  duct. 

The  superior  mediastinal  glands  (lymphoglandulfe  mediastinales  superiores)  are 
grouped  round  the  innominate  veins,  along  the  upper  part  of  the  aortic  arch,  and 
in  front  of  the  thoracic  portion  of  the  trachea.  They  receive  afferents  from  the 
heart,  the  pericardium,  the  thymus,  and  the  anterior  mediastinal  glands.  Their 
efferents  terminate  at  the  root  of  the  neck  in  the  right  lymphatic,  and  thoracic 
ducts. 

The  posterior  mediastinal  glands  (lymphoglandulfe  mediastinales  posteriores)  lie 
along  the  aorta  and  the  oesophagus  in  the  posterior  mediastinum.  They  receive 
afferents  from  the  posterior  part  of  the  pericardium,  the  posterior  part  of  the 
diaphragm,  tlie  oesophagus,  and  from  the  upper  and  posterior  portion  of  the  liver ; 
the  latter  vessels  accompany  the  inferior  vena  cava,  and  they  include  the  super- 
ficial lymphatic  vessels  of  the  posterior  surface  of  the  liver  and  the  deep  lymphatic 
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vessels  which  accompany  the  hepatic  veins  and  their  tributaries.  Their  efferent 
vessels  pass  mainly  to  the  thoracic  duct,  but  some  of  the  upper  ones  on  the  right 
side  end  in  the  right  lymphatic  duct,  and  a  few  join  the  bronchial  glands. 

The  bronchial  glands  (lymphoglandulfe  bronchiales)  lie  along  the  sides  of  the 
bronchi,  both  within  and  outside  the  lung.  They  receive  afferents  from  the 
superficial  and  deep  parts  of  the  lungs,  from  the  visceral  pleura,  and  from  the  pos- 
terior mediastinal  glands.  Their  efferents  pass,  on  the  left  side  to  the  thoracic 
duct,  and  on  the  right  side  to  the  right  lymphatic  duct. 

The  deep  lymphatic  vessels  of  the  thorax  have  been  included  in  the  description 
of  the  tributaries  of  the  deep  glands.  As  in  the  abdomen  and  pelvis,  the  main 
deep  lymphatic  vessels  accompany  the  blood-vessels  of  the  region. 

DEVELOPMENT  OF  THE  BLOOD  VASCULAR  SYSTEM. 

The  Pekicardium,  the  Primitive  Aort^,  and  the  Heart. 

A  general  account  of  the  development  of  the  primitive  vascular  system  and  of  the 
establishment  of  the  foetal  circulation  has  been  given  in  a  previous  chajater  (see  p.  57 
et  seq.),  and  it  is  there  pointed  out  that  the  earliest  blood-vessels  of  the  developing  ovum 
appear  in  the  vascular  area  of  the  yolk  sac,  i.e.  outside  the  body  of  the  embryo  altogether. 
Almost  simultaneously,  however,  two  longitudinal  vessels  appear  in  the  embryo  itself. 
They  are  formed  in  the  splanchnic  mesoderm  of  the  pericardial  area,  and  are  easily 
distinguishable  before  that  area  is  carried  downwards  to  form  the  ventral  wall  of  the 
foregut  during  the  evolution  of  the  head  fold. 

The  two  longitudinal  vessels  are  the  rudiments  of  the  primitive  heart  and  of  the 
principal  blood-vessels.  The  changes  which  take  place  in  them,  and  Avhich  result  in  the 
formation  of  the  fully-developed  heart  and  vessels,  will  be  more  easily  understood  after  the 
development  of  the  pericardial  sac,  together  with  the  alterations  it  undergoes  both  as 
regards  position  and  relations,  have  been  carefully  studied. 

Development  of  the  Pericardium  and  the  Primitive  AorteC. — The  pericardial 
area  is  recognisable  as  soon  as  the  mesoderm  has  extended  over  the  embryonic  area  of  the 
developing  ovum.  It  is  somewhat  semilunar  in  shape,  it  lies  at  the  extreme  anterior  end 
of  the  embryonic  region,  and  it  limits  the  bucco-pharyngeal  area  or  membrane  in  front  and 
at  the  sides  (Figs.  15  and  18).  The  mesoderm  of  the  pericardial  area  is  continuous  latei'ally 
with  the  general  mesoderm  of  the  embryonic  area,  but  in  those  mammals  in  which  a 
pro-amnion  is  formed  it  is  separated  in  front  from  the  extra-embryonic  mesoderm  by  the 
pro-amniotic  ai'ea,  whilst  in  other  mammals  also  it  remains  quite  separate  from  the  extra- 
embryonic mesoderm  in  front  though  it  is  more  closely  related  to  it. 

With  the  formation  of  the  coelom  the  mesoderm  of  the  pericardial  area  is  separated 
into  an  upper  or  somatic  and  a  lower  or  splanchnic  layer,  and  it  is  in  the  latter  that 
the  two  small  tubes  which  constitute  the  fii'st  blood-vessels  of  the  body  of  the  embryo 
appear.  The  two  tubes,  or  primitive  aortcE,  which  run  longitudinally  and  parallel  to 
one  another,  apparently  end  at  first  blindly  both  in  front  and  behind,  but  as  development 
proceeds  they  extend  backwards,  one  on  each  side  of  the  bucco-pharyngeal  membrane, 
beneath  the  protovertebral  somites,  to  the  caudal  region,  behind  which  they  pass  on  to 
the  walls  of  the  yolk  sac  to  join  the  blood-vessels  of  the  vascular  area ;  before  ending 
they  give  off  branches  to  the  allantois.  In  the  human  embryo  the  yolk  sac  is  relatively 
small  and  unimportant,  and  accordingly  the  branches  which  go  to  the  allantois,  or  rather 
to  the  chorion  along  the  body  stalk,  appear  to  form  the  more  direct  posterior  continuations 
of  the  primitive  vessels.  The  anterior  end  of  each  primitive  trunk  grows  outwards  along 
the  margin  of  the  pericardial  area  to  its  lateral  extremity,  and  is  continued  on  to  the 
yolk  sac,  where  it  also  joins  the  vessels  of  the  vascular  area. 

During  the  formation  and  evolution  of  the  headfold  the  pericardial  area  increases  in 
size,  its  cavity  enlarges,  and  both  it  and  the  bucco-pharyngeal  area  are  reversed  in  position 
(Figs.  16  and  25).  Both  these  areas  are  carried  forwards  somewhat  with  the  headfold,  in 
which  it  is  to  be  remembered  the  primitive  foregut  is  included,  but  when  the  lieadfold  is 
completely  formed  the  pericardial  area  lies  ventral  to  the  foregut,  and  its  primitive  upper 
somatic  surface  is  now  its  lower  or  anterior  surface  ;  the  original  lower  or  splanchnic  surface 
similarly  is  suyjerior  or  dorsal,  whilst  what  was,  at  first,  the  anterior  border  of  the  peri- 
cardial area  is  converted  into  the  2)osterior  end  of  the  reversed  area,  and  it  forms  the  anterior 
limit  of  tlie  umbilical  orifice.    In  brief,  the  relative  positions  of  its  several  parts  are 
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reversed,  and  at  this  period  the  pericardial  cavity  which,  like  the  area,  is  semilunar  in 
shape,  extends  from  side  to  side  beneath  the  foregut,  and  its  cornua  are  continuous  at  the 
sides  of  the  foregut  with  the  general  body  cavity  of  the  embryo.  Subsequently  this  con- 
tinuity is  obliterated,  and  the  pericardial  cavity  is  separated  from  the  pleuro-peritoneal 
part  of  the  general  body  cavity  or  ccfilom. 

The  mesoderm  at  the  posterior  end  of  the  reversed  pericardial  region,  whei'e  the 
somatic  and  splanchnic  layers  are  continuous,  i.e.  just  in  front  of  the  umbilicus,  increases 
in  thickness  and  forms  a  semilunar  mass,  the  septum  transversum,  in  which  the  liver  and 
the  ventral  part  of  the  diaphragm  are  formed.  The  latter  extends  mesially  from  the 
anterior  wall  of  the  body  to  the  foregut,  immediately  in  front  of  the  gastric  dilatation,  whilst 
laterally  it  forms  two  falciform  projections  which  encroach  from  without  upon  the  portions 
of  the  coelom  which  lie  at  the  sides  of  the  foregut.  Ultimately  the  lateral  portions  of  the 
diaphragm  pass  inwards,  and,  fusing  with  the  mesentery  of  the  foregut,  they  separate  the 
pleuro-peritoneal  portion  of  the  coelom  into  three  parts — two  anterior,  one  on  each  side  of 
the  foregut,  the  pleural  sacs,  and  a  posterior,  the  peritoneal  cavity. 

When  the  pericardial  region  is  completely  reversed  the  two  vessels  developed  in 
its  splanchnic  layer  lie  side  by  side  in  what  is  now  its  dorsal  wall.  Posteriorly  they  are 
continued  into  the  lateral  part  of  the  septum  transversum,  and  through  it  they  pass  to 

the  wall  of  the  yolk  sac.  Anteriorly  they  are 
continued,  as  the  first  cephalic  aortic  arches, 
through  the  mandibular  arches  which  have 
developed  at  the  sides  of  the  bucco-pharyngeal 
membrane,  to  the  dorsal  wall  of  the  gut,  where 
they  pass  backwards  beneath  the  paraxial  meso- 
derm and  provertebral  somites  to  the  posterior 
end  of  the  body,  whence  thej^  are  continued, 
in  the  human  subject,  along  the  body  stalk  to 
the  placental  portion  of  the  chorion,  giving  oft' 
branches  to  the  walls  of  the  alimentary  canal 
and  yolk  sac. 

These  two  primitive  embryonic  vessels  are 
the  primitive  aortse.  After  the  formation  of 
the  cephalic  and  caudal  folds,  each  primitive 
aorta  may  be  looked  upon  as  consisting  of  three 
parts  imited  by  two  arches  : — an  anterior  ventral 
part,  the  anterior  ventral  aorta,  situated  partly 
in  the  septum  transversum  and  partly  in  the 
dorsal  wall  of  the  pericardium  and  the  root  of 
the  neck ;  a  dorsal  part,  the  primitive  dorsal 
aorta,  which  extends  beneath  the  paraxial  meso- 
derm from  the  dorsal  end  of  the  mandibular 
arch  to  the  tail  fold ;  a  posterior  ventral  part, 
the  posterior  ventral  aorta,  which  passes  to 
the  yolk  sac ;  the  continuation  of  the  posterior 
ventral  aorta  to  the  yolk  sac  soon  atrophies,  however,  and  the  vessel  is  then  prolonged 
from  the  posterior  part  of  the  ventral  wall  of  the  body  to  the  placenta  by  a  new  branch. 
The  two  arches  which  unite  tiie  three  main  portions  of  each  primitive  aorta  together  are 
an  anterior,  the  first  cephalic  aortic  arch,  which  lies  in  the  mandiVjular  arch  and  passes 
from  the  anterior  ventral  aorta  to  the  anterior  end  of  the  primitive  dorsal  aorta,  and  a 
jDosterior,  the  primary  caudal  aortic  arch,  which  passes  in  the  tail  fold  and  at  the  side 
of  the  hind  gut,  from  the  primitive  dorsal  aorta  to  the  posterior  portion  of  the  primitive 
ventral  aorta. 

As  development  proceeds  a  series  of  transformations  occurs  in  the  various  sections  of 
the  primitive  aortse.  These  transformations  are,  with  few  exceptions,  alike  on  the  two  sides, 
but  the  transformations  which  occur  in  one  section  are  entirely  different  from  those  met 
with  in  the  other  sections ;  therefore  each  part  must,  to  a  certain  extent,  be  considered 
separately. 

Each  anterior  ventral  aorta  is  divisible  into.-j;hree  parts.  The  posterior  part  lies  in  the 
septum  transversum.  Posteriorly  it  forms  the  terminal  portion  of  the  vitelline  vein,  and 
carries  the  blood  from  the  wall  of  the  yolk  sac.  For  a  long  time  it  remains  sejsarate  from 
its  fellow  of  the  opposite  side,  but  afterwards  the  two  vitelline  veins  xmite  to  form  a 
common  stem,  which  terminates  at  first  in  the  posterior  part  of  the  heart,  and  subsequently 
in  the  liver.    The  anterior  section  of  the  posterior  part  of  the  anterior  ventral  aorta 


1st  cephalic  aortic  avcli 

Anterior  primitive 
ventral  aorta 


Primitive  dorsal  aorta 


Vitelline  vein 


Umbilical  vein 


Branches  to  yolk  sac 


Vitelline  artery 

Posterior  primitive . 
ventral  aorta 
Primary  canrlal  arch 

Allantoic  artery 


Placenta 


Fio.  597. — DiAGR.\M  OP  THE  Primitive  Vas- 
cular System  before  the  Formation  of 
THE  Heart. 


DEVELOPMENT  OF  THE  BLOOD  VASCULAR  SYSTEM. 


877 


rapidly  enlarges  and  unites  with  its 
or  posterior  chamber  of  the  primi- 
tive heart ;  after  a  time  it  grows 
forwards  out  of  the  septum  into 
the  pericardium,  and  is  absorbed 
into  the  auricular  portion  of  the 
lieart. 

The  middle  part  of  the  anterior 
ventral  aorta  lies  in  the  dorsal  wall 
of  the  pericardium  and  projects 
forwards  into  its  cavity.  It  lies 
close  to  its  fellow  of  the  opposite 
side,  and  as  the  two  vessels  rapidly 
enlarge  their  inner  walls  approach 
each  other,  and,  fusing  together, 
form  a  single  median  vessel  which 
constitutes  the  primitive  heart  (the 
sinus  venosus  being  excepted)  in- 
cluding the  bulbus  arteriosus,  the 
latter  being  afterwards  developed 
into  the  roots  of  the  pulmonary 
and  aortic  vessels. 

The  anterior  portion  of  the 
anterior  ventral  aorta  is  embedded 
in  the  tissues  at  the  upper  or 
anterior  part  of  the  pericardium, 
that  is,  at  the  root  of  the  neck. 
At  first  it  is  connected  with  the 
primitive  dorsal  aorta  by  a  single 
cephalic  aortic  arch,  but  after- 
wards three,  and  eventually  four, 
additional  arches  connect  it  with 
the  anterior  part  of  the  primitive 
dorsal  aorta.  As  the  neck  lengthens 
this  part  of  the  anterior  ventral 
aorta  is  elongated.    For  the  greater 


fellow  of  the  opposite  side  to  form  the  sinus  venosus 

Cephalic  aortic  


Anterior  ventral 
aorta 

Primitive  dorsal 
aorta 

Vertebral  artery- 
Subclavian  artery-^ 

Primitive  jugular 
vein 

Duct  of  Cuvier 
Cardinal  vein 
Portal  vein 


Branches  to 
alimentary  canal 


5th  cephalic  aortic  arch 
— Bulbus  arteriosus^. 
Ventricle 
Auricle 
Sinus  venosns 


Posterior  ventral 
aorta' 


Caudal  aortic 
arch 


1st  cephalic  aortic  arch 
2nd  cephalic  aortic  arch 
3rd  cephalic  aortic  arch 
4th  cephalic  aortic  arch 


|- Heart 


Umbilical  vein 


Hypogastric 
artery 


Placenta 


Fig.  598. — Diagram  of  the  Primitive  Blood-vessels 
after  the  formation  of  the  heart. 
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Fio.  599. — Diagram  op  the  primitive  Blood-vessels  after  the  formation  of  the  Heart,  bdt 

BEFORE  ITS  SUBDIVISION  BY  SePTA  INTO  AURICLES  AND  VENTRICLES. 

of  the  opposite  side,  and  it  takes  part  in  the  formation  of  the  great  vessels  of  the  head 
and  neck.    Posteriorly,  however,  it  unites  with  its  fellow  of  the  opposite  side  to  form  the 
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apex  of  the  bulbus  arteriosus.  After  the  completion  of  the  cephalic  aortic  arches  the 
portions  of  the  anterior  ventral  aorta  which  lie  between  their  lower  extremities  are 
known  as  the  ventral  roots  of  the  cephalic  aortic  arches. 

The  primitive  doi'sal  aorta  may  be  conveniently  divided  into  two  parts.  The  anterior 
part  extends  from  the  dorsal  end  of  the  first  cephalic  aortic  arch  to  the  root  of  the  fore- 
limb.  It  remains  separate  from  its  fellow  of  the  opposite  side,  and  forms  the  dorsal  roots 
of  the  cephalic  aortic  arches.  It  takes  part  in  the  formation  of  the  great  vessels  of  the 
head  and  neck  and,  on  the  left  side,  of,  part  of  the  aorta  of  the  adult. 

The  remaining  portion  extends  from  the  root  of  the  fore-limb  to  the  pelvic  region ;  it 

passes  inwards,  and  unites  with  its  fellow  of 
the  opposite  side  beneath  the  vertebral  column 
to  foi'm  the  greater  part  of  the  permanent 
systemic  aorta. 

The  primary  caudal  arch  connects  the 
primitive  dorsal  with  the  posterior  ventral 
aorta.  As  it  passes  ventrally  it  lies  on  the 
inner  side  of  the  Wolffian  duct.  After  a  time 
it  is  replaced  by  a  secondary  caudal  arch 
which  lies  at  the  outer  side  of  the  Wolffian 
duct,  and  this  subsequently  becomes  the 
common  and  internal  iliac  arteries  and  the 
root  of  the  hypogastric  artery,  the  external 
iliac  being  merely  an  offset  from  it  to  the 
hind-limb. 

The  greater  part  of  the  primitive  posterior 
ventral  aorta  disappears  early,  and  its  secondary 
continuation  to  the  placenta  becomes  the 
remainder  of  the  hypogastric  artery,  which 
passes  from  the  internal  iliac  arteiy,  by  the 
side  of  the  bladder  and  along  the  ventral  wall 
of  the  abdomen,  to  the  umbilicus,  whence  it 
is  continued  along  the  umbilical  cord  to  the 
placenta. 

Having  considered  thus  briefly  the  main 
parts  of  the  primitive  aortic  vessels,  and 
having  noted,  shortly,  the  fate  of  each  portion 
in  the  subsequent  phases  of  development,  we 
may  now  turn  to  a  more  detailed  consideration 
of  the  metamorphoses  which  occur  in  those 
parts  of  primitive  vessels,  viz.  the  anterior 
ventral  aortfe,  the  cephalic  aortic  arches,  and 
the  anterior  parts  of  the  primitive  dorsal  aortse, 
where  the  transformations  are  most  striking 
and  most  complicated,  and  which  result  in  the 
formation  of  the  heart,  the  aorta  in  part,  the 
pulmonary  artery  and  its  primary  branches, 
the  chief  artei'ial  trunks  of  the  head  and  neck, 
and  the  first  part  of  the  main  artery  of  the 
right  upper  extremity. 


Fig.  600. — Development  of  the  Heart. 

Dia,gram  showing  the  changes  of  form  and  external 
appearances  at  different  stages.  Modified  from 
His's  models.  III.B  and  IV.B  are  side  views  ; 
the  other  figures  represent  the  heart  as  seen 
from  the  front. 

A,  Auricle  ;  A.B,  Aortic  bulb  ;  A.C,  Auricular  canal  ; 
A.P,  Auricular  appendix  ;  L.V,  Left  ventricle  ; 
O.A.C,  Opening  of  auricular  canal;  P.V.A,  Primi- 
tive ventral  aorta  ;  R.V,  Right  ventricle  ;  S.V, 
Sinus  veuosus  ;  V,  Ventricle  ;  V.V,  Vitelline 
vein. 

inwards,  their  inner  walls  come  in  contact 
single  median  tube  is  formed.    This  is  the 


Development  of  the  Heart,  of  the 
first  part  of  the  aorta,  and  of 
THE  Pulmonary  Artery. 

Of  the  three  parts  into  which  each  anterior 
ventral  aorta  is  divisible  the  middle  is  situated 
in  the  splanchnic  mesoderm  of  the  dorsal  wall 
of  the  pericardium.  As  development  proceeds 
the  middle  parts  of  both  anterior  ventral  aortse 
enlarge  and  project  into  the  cavity  of  the  peri- 
cardium, whilst  at  the  same  time  they  grow 
,  fuse  together,  and  disappear,  and  so  a  simple 
primitive  heart,  which  is  completed  in  front 
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and  behind  the  pericardium  by  the  fusion  of  the  adjacent  ends  of  the  anterior  and  posterior 
parts  of  the  anterior  ventral  aortse  respectively. 

The  simple  tubular  heart,  at  first  straight  and  of  fairly  uniform  calibre,  soon  alters  in 
form  and  in  the  relative  position  of  its  different  parts.  It  becomes  irregularly  enlarged, 
and  a  series  of  four  dilatations,  with  intei'vening  constrictions,  can  be  distinguished.  The 
dilatations,  from  behind  forwards,  are  as  follows :  (1)  the  sinus  venosus  or  saccus 
reuniens,  (2)  the  auricle  or  atrium,  (3)  the  ventricle,  and  (4)  the  aortic  bulb  or  bulbus 
arteriosus.  The  short  constriction  between  the  auricle  and  ventricle  is  known  as  the 
auricular  canal,  and  the  less  pronounced  constriction  which  intervenes  between  the 
ventricle  and  the  aortic  bulb  is  termed  the  fretum  Halleri.  In  addition  to  this  alteration 
in  form,  the  tubular  heart  elongates,  much  more  so  than  the  pericardium  in  which  it  lies, 
whilst  at  the  same  time  the  anterior  extremity  of  the  aortic  bulb  and  the  sinus  venosus 
are  withdrawn,  from  the  root  of  the  neck  and  the  septum  transversum  respectively,  into 
the  pericardium.  Of  necessity,  therefore,  the  single  heart  is  bent  upon  itself,  and  it 
projects  more  and  more  into  the  pericardium,  pushing  forwards  the  visceral  layer  of 
the  serous  lining  of  this  cavity,  and  carrying  with  it  a  mesentery  of  splanchnic  mesoderm 
which  is  known  as  the  mesocardium. 

The  bending  of  the  heart  results  in  the  formation  of  a  U-shaped  loop,  the  posterior  or 
venous  limb  of  the  loop  lying  to  the  left  and  above,  the  anterior  or  arterial  limb  being  to 
the  right  and  below,  whilst  the  intervening  stem  of  the  loop  runs  from  the  left  and  above 
downwards,  forwards,  and  to  the  right.  The  apex  of  the  aortic  bulb  is  bent  a  little  to  the 
left  and  reaches  the  middle  line. 

Subsequently  the  auricle  ascends  behind  the  ventricle,  and  the  ventricular  opening 
of  the  auricular  canal,  the  short  communicating  passage  between  the  auricle  and 
ventricle,  is  seen  as  a  transverse  slit  at  the  upper  part  of  the  left  or  posterior  end  of  the 
ventricle.  As  the  ventricular  chamber  enlarges  its  anterior  end  passes  towards  the 
middle  line,  and  the  ventricle  is  no  longer  so  obliquely  directed  from  left  to  right  but 
lies  more  in  the  mesial  plane.  As  the  result  of  these  changes  of  position,  and  the  coin- 
cident modifications  in  size  of  the  different  parts,  the  aortic  bulb  is  eventually  placed 
immediately  in  front  of  the  auricle,  and  the  opening  of  the  auricular  canal  is  nearer 
the  middle  of  the  upper  part  of  the  posterior  wall  of  the  ventricular  chamber.  During 
its  further  growth  the  ventricle  enlarges  principall}'  at  its  lower  or  ventral  part ;  the 
dorsal  pai-t  is  not  materially  altered  in  position,  and  consequently  the  openings  of  the 
auricular  canal  and  -  the  aortic  bulb  remain  relatively  at  the  same  level.  The  auricle 
increases  in  size  by  lateral  expansion  and  by  forward  extension  of  its  lateral  angles ; 
the  forward  extensions  embrace  the  sides  of  the  aortic  bulb,  and  constitute  the  rudi- 
mentary auricular  appendages. 

Division  of  the  Heart  into  its  different  Chambers,  and  Division  of 

THE  Aortic  Bulb. 

Whilst  the  changes  in  form,  position,  and  size  of  the  different  sections  of  the  primitive 
heart,  which  have  just  been  described,  are  taking  place,  the  division  of  the  heart  cavjty 
into  its  four  permanent  chambers,  and  of  the  aortic  bulb  into  its  aortic  and  pulmonary 
portions  commences.  These  divisions  are  brought  al)Out  by  the  growth  of  septa  in  the 
ventricle,  auricle,  and  aortic  bulb,  and  by  the  thickening  and  fusion  of  the  middle  portions 
of  the  upper  and  lower  walls  of  the  auricular  canal. 

The  thickenings  of  the  walls  of  the  auricular  canal  are  called  endocardial  cushions  ; 
they  meet  and  fuse  together  mesially  to  form  the  septum  intermedium  by  which  the 
central  portion  of  the  canal  is  obliterated,  whilst  the  lateral  portions  are  left  patent  as 
small  triangidar  channels  which  still  connect  the  auricular  and  ventricular  chambers. 

The  separation  of  the  ventricular  part  of  the  heart  into  right  and  left  chambers  is 
indicated,  externally,  at  a  very  early  period,  by  a  groove,  well  marked  in  front  and  below, 
but  less  distinct  behind  where  it  runs  upwards  to  the  auricular  canal ;  whilst  internally, 
in  a  corresponding  position,  a  ventricular  septum  (s.  inferius)  grows  upwai-ds  from  the 
inferior  part  of  the  ventricular  wall.  The  posterior  part  of  the  upper  border  of  this  septum 
unites  with  the  lower  end  of  the  fused  endocardial  cushions  of  the  auricular  canal  and  the 
dorsal  wall  of  the  ventricle  between  the  auricular  and  aortic  bulb  orifices ;  the  anterior 
part  of  its  upper  border  terminates  a  short  distance  below  the  orifice  of  the  aortic  bulb, 
where  it  unites  with  the  septum  of  the  aortic  bulb  which,  at  a  later  period,  descends  to 
meet  it. 

The  division  of  the  aortic  bulb  commences  at  its  distal  end  between  the  orifices  of 
the  fourth  and  fifth  cephalic  aortic  arches.    It  is  due  to  the  ingi-owtli  of  two  endocardial 
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thickenings  which  meet  and  fuse  together  from  their  distal  to  their  proximal  ends, 
forming  a  septum  which  divides  the  interior  of  the  aortic  bulb  into  two  parts,  and  then 
projects  downwards  into  the  ventricular  chamber  till  it  meets  and  fuses  with  the  anterior 
part  of  the  upper  border  of  the  ventricular  septum.  The  upper  or  distal  part  of  the 
septum  of  the  aortic  bulb  commences  from  the  dorsal  wall  of  the  cavity  between  the 
fourth  and  fifth  cephalic  arches,  and  it  is  placed  transversely,  but  its  lower  end  lies 
more  antero-posteriorly,  therefore  it  twists  spirally  as  it  descends,  and  as  a  result  the  right 
part  of  the  ventricle  is  thrown  into  continuity  with  the  fifth  cephalic  aortic  arches,  whilst 
the  left  part  of  the  ventricle  retains  continuity  with  the  remaining  cephalic  aortic  arches. 

After  the  septum  of  the  aortic  bulb  is  completed,  grooves  appear  along  its  margins  on  the 
surface  of  the  bulb  ;  the  grooves  deepen  until  they  divide  the  septum  and  consequently 
the  bulb  into  two  parts  ;  the  part  in  connexion  with  the  right  ventricle  and  the  fifth 
aortic  arch  becomes  the  pulmonary  artery,  and  the  part  in  connexion  with  the  left 
ventricle  and  the  remaining  arches  becomes  the  ascending  aorta. 

The  separation  of  the  primitive  auricle  into  right  and  left  portions  is  indicated 
externally  by  the  appearance  of  a  groove  on  the  upper  and  posterior  wall  ;  opposite  this 
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Fig.  601. — Development  of  the  Heart  and  the  Main  Arteries. 
Diagram  of  the  heart,  showing  the  formation  of  its  septa,  and  of  the  ceplialic  jjortion  of  the  arterial  system. 


groove  an  auricular  septum  gi-ows  downwards  in  the  interior  of  the  auricle.  Its  lower 
border  gradually  approaches  the  endocardial  cushion  in  the  auricular  canal,  and  for  a  time 
a  small  opening  is  left  between  the  upper  ends  of  the  fused  endocardial  cushions  and  the 
lower  edge  of  the  septum.  This  is  the  ostium  primum ;  it  is  closed  by  the  fusion  of  the 
septum  with  the  endocardial  cushions,  but  befoi'e  its  closure  is  completed  an  aperture 
appears  in  the  upper  part  of  the  septum ;  this  latter  aperture,  the  ostium  secundum, 
becomes  the  foramen  ovale.  A  second  auricular  septum,  the  septum  secundum,  grows  down- 
wards to  the  right  of  the  first  septum  ;  its  lower  margin  grows  downwards  past  the  foramen 
ovale,  but  stops  some  distance  from  the  posterior  wall  of  the  auricle,  and  this  margin 
forms  the  limbus  Vieussenii,  which  bounds  a  fossa,  the  fossa  ovalis,  in  front  and  below, 
whilst  the  floor  of  the  fossa  is  formed  by  the  primary  septum,  and  the  foi'amen  which 
lies  at  tlie  upper  part  of  the  fossa  is  closed  after  birth  by  the  fusion  of  the  primary  and 
secondaiy  septa. 

The  sinus  venosus,  which  in  the  early  stages  receives  the  vitelline  veins  from  the 
yolk  sac,  the  allantoic  or  umbilical  veins  from  the  placenta,  and  the  ducts  of  Cuvier 
which  return  the  blood  from  the  Wolffian  bodies  and  the  body  of  the  embryo,  is  the  only 
portion  of  the  primitive  heart  which  is  not  divided  into  two  parts  hy  the  formation  of  a 
septum.    It  lies  at  first  below  and  behind  the  auricle,  with  which  it  communicates  freely. 
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and  it  consists  of  a  transverse  portion  connecting  a  large  right  with  a  small  left  cornu. 
Gradually  the  orifice  of  communication  is  constricted,  and  ultimately  it  is  transformed 
into  a  cleft  which  opens  from  the  right  end  of  the  sinus  into  the  back  of  the  right  part 
of  the  auricular  chamber;  the  cleft  is  guarded  by  two  lateral  valve-like  folds  of 
endocardium,  the  right  and  left  venous  valves,  which  become  continuous  above  with 
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Fig.  602. — Diagram  of  the  Course  op  the  Fcetal  Circulation. 

a  transitory  downward  projection  from  the  roof  of  the  auricle,  known  as  the  septum 
spurium. 

In  the  early  stages  the  veins  of  the  two  sides  opened  into  the  corresponding  sections 
of  the  sinus  venosus,  but  numerous  transformations,  which  are  described  in  the  account 
of  the  development  of  the  veins,  occur,  and  finally  all  the  veins,  except  the  left  duct  of 
Cuvier,  open  into  the  right  end  of  the  sinus,  which  is  gradually  absorbed  into  the 
auricular  cavity ;  the  transverse  part  of  the  sinus,  which  becomes  a  mere  appendage  of  the 
right  end,  is  transformed  into  the  coronary  sinus,  which  receives  the  blood  from  the  walls 
56 
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of  the  adult  heart ;  the  left  end  becomes  the  lower  part  of  the  oblique  vein  of  Mai'shall, 
the  rest  of  this  vein  representing  the  left  duct  of  Cuvier. 

Thus,  when  the  development  of  the  heart  is  completed,  all  the  large  veins  which  reach 
the  heart,  with  the  exception  of  the  pulmonary  veins,  open  into  the  right  auricle,  and 
into  that  part  of  the  chamber  formed  by  the  absorption  of  the  right  end  of  the  sinus 
venosus.  Indications  of  the  primitive  separation  of  the  auricle  from  the  sinus  venosus 
are  still  recognisable  in  the  adult,  as  the  sulcus  terminalis  on  the  exterior,  the  corre- 
sponding crista  terminalis  in  the  interior,  and  the  Eustachian  and  Thebesian  valves ; 
the  Eustachian  valve  is  a  remnant  of  the  upper  part  of  the  valvular  fold  which  was 
situated  at  the  right  margin  of  the  slit-like  aperture  of  communication  between  the 
sinus  venosus  and  the  auricle,  whilst  the  valve  of  Thebesius  represents  the  lower  part  of 
the  right  venous  valve. 

The  valves  which  guard  the  auriculo-ventricular  oriiices  are  dowugrowths  from  the 
lower  end  of  the  auricular  canal.  The  valves  of  the  pulmonary  and  aortic  apertures  are 
preceded  by  four  endocardial  thickenings  at  the  lower  end  of  the  aortic  bulb — anterior, 
posterior,  and  two  lateral.  As  the  septum  of  the  bulb  descends  it  fuses  with  the  middle 
parts  of  the  lateral  thickenings ;  thus,  when  the  septum  of  the  bulb  has  descended  below 
the  lower  orifice  of  the  bulb,  dividing  it  into  aortic  and  jjulmonary  apertures,  three 
endocardial  thickenings  are  found  in  each  aperture,  one  anterior  and  two  posterior  in  the 
pulmonary  aperture,  and  the  reverse  in  the  aortic  orifice.  From  these  thickenings  the 
semilunar  valves  of  the  aortic  and  pulmonary  apertures  are  developed,  and  they  retain 
their  original  positions  until  after  the  sixth  month  of  foetal  life  ;  ultimately,  however,  they 
are  twisted  round,  so  that  in  the  adult  the  pulmonary  valves  are  placed  two  in  front  and 
one  behind,  and  the  aortic  one  in  front  and  two  behind. 

The  Aortic  Arches — Formation  of  the  Chief  Arteries. 

The  aortic  arches  at  the  head  end  of  the  embryo  connect  the  aortic  bulb  and  the 
ventral  aortae  in  front  of  the  bulb,  with  the  corresponding  parts  of  the  primitive 
dorsal  aoi-tse.  The  arches,  ten  in  number,  jire  arranged  in  pairs.  There  are,  therefore, 
five  arches  on  each  side,  and  they  are  distinguished  from  before  backwards  by  their 
numerical  designation. 

The  first  is  formed  during  the  development  of  the  head  fold  by  the  simultaneous 
bending  of  the  primitive  aorta  ;  it  lies  at  the  side  of  the  bucco-pharyngeal  area,  and 
subsequently  in  the  substance  of  the  mandibular  arch.  The  remaining  aortic  arches  are 
formed  quite  dift'erently,  and  grow  dorsally  through  the  substance  of  the  remaining 
visceral  arches,  as  these  are  formed  in  regular  succession  in  the  side  wall  of  the  pharyn- 
geal portion  of  the  foregut.  The  second  springs  directly  from  the  anterior  ventral  aorta, 
and  passes  through  the  hyoid  arch  to  the  dorsal  aorta,  but  tlie  third,  fourth,  and  fifth 
spring  by  a  common  trunk  from  the  apex  of  the  aortic  bulb.  Subsequently,  however,  and 
as  the  neck  grows  forwards,  the  anterior  ventral  aorta  is  elongated,  and  the  third  and 
fourth  arches  arise  separately  from  it.  At  this  later  period,  tiierefore,  four  vessels,  two 
on  each  side,  spring  from  the  aortic  bulb,  viz.  the  two  fifth  arches  and  the  two 
anterior  ventral  aortse  from  which  the  anterior  four  pairs  of.  arches  arise.  When  the 
septum  of  the  aortic  bulb  is  developed,  the  bulb  is  divided  into  two  parts,  one  (the 
pulmonary  artery)  connecting  the  fifth  arches  with  the  right  ventricle,  and  the  other 
(the  ascending  aorta)  connecting  the  ventral  aortic  stems,  and  through  them  the 
first,  second,  third,  and  fourth  pairs  of  arches,  with  the  left  ventricle.  Each  cephalic 
aortic  arch  is  connected  with  the  arch  immediately  behind  it  by  a  dorsal  root,  and  in  the 
cases  of  the  first  three  ai'ches  by  a  ventral  root  also ;  but  the  veuti'al  root  of  the  fourth 
arch  connects  it  with  the  aortic  bulb.  The  dorsal  and  ventral  roots  of  the  arches  are 
simply  portions  of  the  primitive  ventral  and  dorsal  aortaj,  which  are  so  named  merely 
for  descriptive  purposes.  From  the  dorsal  roots  a  series  of  segmental  branches  are 
given  off,  which  pass  dorsally,  between  the  rudiments  of  the  transverse  processes  of  the 
cervical  vertebrae,  to  supply  the  spinal  cord  and  its  membranes  and  tlie  muscles  and 
fasciae  of  the  back. 

The  five  pairs  of  arches  do  not  all  persist  in  their  entirety,  but  remains  of  each  are 
found  even  in  the  adult.  The  first  and  second  pairs  disappear  almost  entirely ;  from  the 
ventral  ends  of  the  first  arches,  however,  the  superficial  temporal,  the  internal  maxillary, 
and  the  lingual  arteries  are  formed  ;  whilst  from  the  ventral  ends  of  the  second  arches  the 
ascending  pharyngeal,  posterior  auricular,  and  occipital  arteries  are  derived. 

On  eacli  side  the  ventral  roots  of  the  first  and  second  arches  |)ersist  as  the  stem  of  the 
corresponding  external  carotid  artery.    The  internal  carotid  is  formed  by  the  third  arch 


THE  BEANCHES  OF  THE  PEIMITIVE  DOESAL  AOET^.  883 


together  with  the  dorsal  roots  of  the  second  and  first  arches,  and  is  continued  forwards  to 
the  cerebrum  by  an  outgrowth  from  the  anterior  end  of  the  dorsal  root  of  the  first  arch. 
The  ventral  root  of  the  third  arch  becomes  the  common  carotid  artery.  The  dorsal  root 
of  the  third  arch  disappears.  On  the  right  side  the  ventral  root  of  the  fourth  arch  forms  the 
innominate  artery,  and  the  arch  itself  is  converted  into  part  of  the  subclavian  artery,  whilst 
the  dorsal  root  disappears.  On  the  left  side  the  ventral  root  of  the  fourth  arch  forms  the 
small  portion  of  aorta  which  lies  between  the  innominate  and  left  common  carotid  arteries. 
The  left  fourth  arch  itself  and  its  dorsal  root  form  the  arch  of  the  aorta  from  the  origin 
of  the  left  carotid  artery  to  the  attachment  of  the  ductus  arteriosus. 

The  ventral  portion  of  the  fifth  arch  on  each  side  remains  as  the  first  part  of  the  cor- 
responding pulmonary  artery.  The  dorsal  part  disappears  early  on  the  right  side,  but  on 
the  left  side  it  persists  and  remains  patent  up  to  birth  as  the  ductus  arteriosus.  After 
birth  it  is  obliterated  and  transformed  into  a  fibrous  cord. 

The  fate  of  the  primary  caudal  arches,  their  secondary  successors,  and  that  of  the 
posterior  ventral  portions  of  the  primitive  aortee,  has  already  been  fully  considered  (p.  878). 

The  Primitive  Dorsal  Aortj^ — Formation  of  the  Descending  Aorta. 

Coincidently  with  the  development  of  the  cephalic  aortic  arches  the  anterior  portions 
of  the  dorsal  sections  of  the  primitive  aortfe  are  converted  into  the  dorsal  roots  of  the 
aortic  arches.  As  already  pointed  out,  certain  parts  of  these  disappear  entirely,  whilst 
other  parts  are  utilised  in  the  formation  of  the  permanent  vessels. 

Behind  the  fifth  arches  the  two  primitive  dorsal  aortfe  remain  separate  as  far  back  as 
the  root  of  the  foi'e-limb.  To  this  extent  the  right  vessel  disappears,  whilst  the  left 
remains  and  forms  a  portion  of  the  descending  aorta.  From  the  roots  of  the  fore-limbs 
backwards  to  the  caudal  arches  the  dorsal  aortee  fuse  together,  beneath  the  vertebral 
column,  to  form  the  remainder  of  the  descending  aorta. 

The  Branches  of  the  Primitive  Dorsal  Aort^. 

Each  primitive  dorsal  aorta  gives  off  from  its  dorsal  surface  a  series  of  somatic  seg- 
mental arteries,  from  its  sides  an  irregular  series  of  intermediate  (visceral)  branches,  and 
from  its  ventral  surface  a  group  of  segmental  splanchnic  branches  to  the  walls  of  the 
alimentary  canal  see  (Figs.  609  and  610). 

The  somatic  segmental  arteries  divide  into  ventral  and  dorsal  branches  which  accom- 
pany the  posterior  and  anterior  primary  branches  of  the  spinal  nerves  respectively,  and 
the  ventral  branches  give  off  lateral  offsets.  The  various  branches  of  the  somatic  seg- 
mental vessels  anastomose  freely  together. 

The  splanchnic  segmental  arteries  also  anastomose  freely  together.  Ultimately,  from 
the  somatic  vessels  and  their  branches  and  anastomoses  are  developed  the  vertebral,  the 
basilar,  and  the  spinal  arteries,  part  of  the  right  subclavian  artery,  the  whole  of  the  left 
subclavian  artery,  and  their  continuations  in  the  fore-limbs,  the  intercostal  and  lumbar 
arteries,  and  the  internal  mammary  and  deep  epigastric  arteries  ;  whilst  from  the  splanchic 
segmental  arteries  the  majoiity  of  the  blood-vessels  which  supply  the  alimentary  canal  are 
developed.  The  intermediate  visceral  arteries  supply  the  organs  derived  from  the  inter- 
mediate cell  mass,  viz.  the '  suprarenal  cajDsules,  the  kidney,  and  the  ovaries  or  testicles  ; 
but  for  a  full  account  of  the  transformations  which  the  various  vessels  and  anastomoses 
undergo,  reference  must  be  made  to  the  account  of  the  morphology  of  the  arteries. 

The  Arteries  of  the  Limbs. 

Little  is  known  of  the  precise  details  of  the  development  of  the  arteries  of  the  limbs, 
but  there  is  little  doubt  that  they  are  formed  almost  entirely  by  jirolongations  of  or  from 
somatic  segmental  arteries  or  their  branches. 

The  chief  arterial  stem  of  each  upper  extremity  is  represented  by  the  subclavian,  the 
axillary,  the  brachial,  and  the  anterior  interosseous  arteries  ;  these  vessels  form  a  con- 
tinuous trunk  which  is  developed,  on  the  left  side  entirel}'  and  on  the  right  side  mainly, 
from  the  corresponding  seventh  somatic  segmental  branch  of  the  primitive  aorta,  from  its 
ventral  branch,  and  from  the  latei-al  offset  of  the  latter.  It  is  indeed  the  lateral  offset 
of  the  ventral  branch,  growing  outwards  into  the  developing  limb,  which  forms  the 
prolongation  of  the  stem. 

The  root  of  the  right  stem  vessel,  constituted  by  the  right  subclavian  artery  from  its 
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origin  as  far  as  the  point  at  which  the  right  internal  mammary  artery  arises,  is  formed 
by  the  fourth  riglit  aortic  arch  ]  on  the  left  side  the  fourth  arch  takes  no  part  in  the 
formation  of  the  subclavian  artery. 

In  the  lower  limbs  the  primary  main  arterial  stem,  on  each  side,  is  represented  by  the 
sciatic,  the  popliteal,  and  the  peroneal  arteries.  The  sciatic  artery  arises  from  the  caudal 
arch,  and  it,  together  with  its  prolongation  through  the  popliteal  space  and  leg,  is  probably 
formed  from  a  somatic  segmental  vessel,  but  to  which  parts  of  this  it  cori-esponds  is  not 
clear.  The  external  iliac  artery,  prolonged  into  the  limb  as  the  femoral  artery,  is 
developed  at  a  later  period  than  the  sciatic  arteiy.  It  arises  from  the  caudal  aortic  arch 
above  the  origin  of  the  sciatic  artery,  and,  like  the  latter  trunk,  is  probably  a  modified 
somatic  segmental  vessel.  The  femoral  artery  soon  after  its  formation  unites  with  the 
primary  main  stem,  at  the  upper  part  of  the  popliteal  space  ;  the  sciatic  artery  then 
atrophies  and  loses  its  connexion  with  the  popliteal  artery,  and  lUtimately  a  permanent 
chief  stem  vessel  is  formed,  which  includes  the  external  iliac,  the  femoral,  the  popliteal, 
and  the  peroneal  arteries,  and  obviously  it  represents  the  two  somatic  segmental  vessels 
by  which  it  is  formed.  Both  in  the  upper  and  in  the  lower  limb,  branches  which  attain 
a  large  size  are  given  off  from  the  main  stem  artery  a  short  distance  beyond  the  joint 
between  the  upper  and  middle  sections  of  the  limb,  i.e.  below  the  elbow  in  the  upper  limb 
and  below  the  knee  in  the  lower  limb,  and  on  account  of  the  relatively  great  enlargement 
of  these  branches  the  continuity  of  the  original  stem  is  obscured.    Thus  it  is  that,  in  the 

adult,  the  brachial  artery,  the  direct  con- 
tinuation of  the  stem  which  is  divided  into 
subclavian,  axillary,  and  brachial  sections, 
appears  to  terminate  by  dividing  into  the 
radial  and  ulnar  arteries,  whilst  originally 
it  was  continued  through  what,  in  the  adult, 
is  the  upper  part  of  the  ulnar  artery  to  the 
anterior  interosseous  artery ;  the  posterior 
interosseous,  the  radial,  and  the  ulnar  arteries 
being  merely  branches  from  the  main  stem. 

Similarly,  in  the  lower  extremity  the 
popliteal  artery,  which  is  the  continuation 
of  the  original  stem  artery,  appears  to  ter- 
minate in  the  adult  by  dividing  into  the 
anterior  and  posterior  tibial  arteries,  both  of 
which  in  reality  are  branches  from  the  sides 
of  the  main  stem  which  was  continued  as 
the  peroneal  arteiy  to  the  foot. 
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DEVELOPMENT  OF  THE  VEINS. 

Simultaneously  with  the  formation  of 
the  arteries  by  which  the  blood  is  distributed 
to  the  embryo  and  to  the  rest  of  the  ovum, 
and  in  a  similar  manner,  a  series  of  vessels 
is  developed  by  means  of  whicli  the  blood  is 
returned  to  the  heart.  These  vessels  are 
the  veins,  of  which  there  are  two  main 
groups.  One  group  returns  blood  from  the 
abdominal  viscera  and  the  amiexa  (the  yolk- 
sac  and  allantois)  ;  the  other  group  includes 
the  vessels  which  return  blood  from  the 
Wolffian  bodies,  the  body  wall,  the  head  and 
neck,  and  the  limbs  of  the  embryo.  The 
first  group  consists  of  the  vitelline,  allantoic, 
and  portal  veins  ;  the  second  group  includes 
the  primitive  jugular  and  the  cardinal  veins 
and  the  ducts  of  Cuvier. 

The  trunks  of  the  vitelline  veins  are 
formed  by  the  posterior  parts  of  the  anterior 
primitive  ventral  aorta),  and  necessarily  they 
open  into  the  posterior  part  of  the  heart  (sinus  venosus).  They  collect  blood  from  the 
yolk-sac,  and  ascend  along  the  vitello-intestinal  duct  to  be  continued  upwards  along  the 
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60-3. — Development  of  the  Venous  Svstem 
(Diagrammatic). 

Stage  I. — The  ducts  of  Cuvier,  the  vitelline  veins,  and 
the  umbilical  veins  open  directly  into  the  heart. 
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sides  of  the  duodenum.  Three  transverse  anastomoses  soon  form  between  them,  of  which 
the  lower  and  the  upper  are  in  front  of  and  the  middle  is  behind  the  duodenum  ;  thus 
two  vascular  circles  are  formed  round  that  portion  of  the  gut.  Whilst  the  loops  are  being 
formed  the  liver  grows  rapidly,  and  it  interrupts  the  direct  connexion  of  the  vitelline 
veins  with  the  heart.  When  the  upper  vascular  loop  is  established  the  two  vitelline  veins, 
which  appear  to  be  prolonged  from  its  sides,  enter  the  liver  and  break  up  into  capillaries, 
from  which  two  new  vessels  arise  which  carry  the  blood  on  to  the  sinus  venosus.  The 
veins  which  carry  the  blood  to  the  liver  are  now  known  as  the  venae  advehentes ;  they 
become  the  right  and  left  divisions  of  the 
portal  vein.  The  vessels  which  carry  the 
blood  to  the  sinus  venosus  are  the  venae 
revehentes,  arid  they  become  the  hepatic 
veins. 

From  the  inferior  part  of  the  lower 
venous  circle  the  vitelline  veins  fuse  into 
a  common  stem  which  receives  the  veins 
from  the  abdominal  portion  of  the  gut 
and  becomes  the  .commencement  of  the 
portal  vein.  The  remainder  of  the  portal 
vein  is  formed  by  the  transverse  com- 
munications previously  described,  together 
with  the  left  half  of  the  lower  and  the 
right  half  of  the  upper  circle  ;  the  opposite 
halves  of  these  circles  disappear.  Thus  a 
continuous  single  stem  is  formed,  which, 
after  the  disappearance  of  the  yolk-sac, 
receives  blood  from  the  abdominal  part 
of  the  alimentary  canal,  and  terminates 
above  in  the  liver. 

The  allantoic  or  umbilical  veins  com- 
mence in  the  placenta  and  fuse  into  a 
single  stem  which  traverses  the  umbilical 
cord  to  reach  the  embryo,  and  divides  at 
the  umbilicus  into  right  and  left  divisions. 
The  two  veins  then  pass  through  the 
septum  transversum,  one  to  the  right  and 
the  other  to  the  left,  and  open  into  the 
sinus  venosus.  After  a  very  short  period 
the  communications  with  the  sinus  are 
obliterated,  and  both  veins  end  in  the 
venous  capillaries  of  the  liver,  the  blood 
they  convey  now  passing  to  the  sinus 
venosus  by  the  hepatic  veins.  This  con- 
dition also  is  only  transitory,  for  the  right 
vein  soon  undergoes  complete  atrophy  and 
disappears,  whilst  the  left-  opens  into  the 
upper  loop  of  the  vitelline  veins.  In  the 
meantime,  however,  another  channel,  the 
ductus  venosus,  has  been  developed,  which 
passes  directly  from  the  upper  loop  of  the 
vitelline  veins,  or  rather  from  the  left 
vena  advehens  to  the  right  hepatic  vein, 
and  by  this  channel  the  greater  part  of 

the  placental  blood  passes  to  the  heart  without  traversing  the  liver  substance.  Some  of 
the  placental  blood,  however,  goes  to  the  liver  by  the  left  vena  advehens.  Finally  the  left 
vena  revehens  loses  its  connexion  with  the  sinus  venosus  and  opens  into  the  right  vena 
revehens.  The  left  umbilical  vein  and  the  ductus  venosus  remain  pervious  until  birth, 
when  the  placental  circulation  ceases.  The  two  vessels  then  rapidly  atrophy,  and  are 
subsequently  represented  by  fibrous  cords,  of  which  that  formed  from  the  left  umbilical 
vein  is  known  as  the  round  ligament  of  the  liver. 

The  pi'imitive  jugular  and  cardinal  veins,  and  the  ducts  of  Cuvier,  which  constitute  the 
main  veins  of  the  Wolffian  body  and  of  the  body  wall,  head,  neck,  and  limbs  of  the  embryo, 
are  represented  in  the  adult  by  the  external  jugular  veins,  the  whole  of  the  right  and  part 
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Stage  II. — The  vitelline  and  umbilical  veins  terminate  in 
the  liver,  and  transverse  anastomoses  have  formed 
between  the  vitelline,  cardinal,  and  primitive  jugular 
veins  of  opposite  sides. 


886 


THE  VASCULAE  SYSTEM. 


Lateral  sinus 

Internal  jugular  vein 
External  jugular  vein 

Subclavian  vein 

Transverse  anastomosis 

Cardinal  vein 
Duct  of  Cuvier 

Heart 

■Transverse  anastomosis 


Vena  reveliens 


of  the  left  innominate  veins,  the  superior  vena  cava,  the  azygos  veins,  the  left  superior 
intercostal  vein,  part  of  the  inferior  vena  cava,  the  right  common  iliac  vein,  a  small  part  of 
the  left  common  iliac  vein,  and  both  right  and  left  internal  iliac  veins. 

The  primitive  jugular  vein  of  each  side  returns  blood  from  the  head  and  neck,  and 
corresponding  upper  extremity,  and  it  terminates  below  by  fusing  with  the  cardinal  vein 
to  form  a  common  trunk,  the  duct  of  Cuviei',  which  oj^ens  into  the  sinus  venosus.  Each 

cardinal  vein  returns  blood  from  the 
body  wall,  the  Wolffian  body,  and  the 
lower  extremity  of  its  own  side. 

Numerous  transverse  anastomoses  are 
developed  between  the  primitive  jugular 
and  cardinal  veins  of  opposite  sides,  and 
of  these  four  are  specially  important,  one 
between  the  primitive  jugular  veins  and 
three  between  the  cardinal  veins ;  the 
former  becomes  the  left  innominate  vein  ; 
of  the  latter,  the  upper  two  become  the 
transverse  parts  of  the  upper  and  lower 
smaller  azygos  veins,  and  the  third  forms 
the  left  common  iliac  vein.  As  these 
transverse  channels  develop,  further 
changes  occur  in  the  primitive  jugular 
and  cardinal  trunks.  At  first  the  upper 
extremity  of  the  primitive  jugular  vein 
is  in  direct  continuity  with  the  venous 
sinuses  of  the  cranium  through  an 
aperture,  the  post-condyloid  foramen,  in 
front  of  the  external  ear ;  but  this  con- 
tinuity is  destroyed,  and  the  aperture  in 
the  skull  closes  as  soon  as  a  new  vessel, 
which  becomes  the  internal  jugular  vein, 
has  grown  upwards  from  a  point  on  the 
inner  side  of  the  primitive  jugular  trunk 
and  has  established  a  communication 
with  the  lateral  sinus  through  the  jugular 
foramen.  This  vessel  rises  behind  the 
sterno-clavicular  joint,  just  opposite  to, 
or  slightly  below,  the  entrance  of  the 
subclavian  vein  into  the  outer  side  of 
the  primitive  jugular  vein. 

With  the  exception  of  its  upper 
extremity,  the  whole  of  the  primitive 
jugular  vein  remains  on  both  sides  in 
the  adult.  On  the  right  side,  above  the 
transverse  anastomosis  between  the  two 
primitive  jugular  veins  which  becomes 
the  left  innominate  vein,  it  forms  the 
external  jugular  vein,  and  that  portion 
of  the  right  subclavian  vein  which  inter- 
venes between  the  external  jugular  and 
internal  jugular  veins  and  also  the  right  . 
innominate  vein ;  below  the  anastomosis 
it  forms  the  upper  part  of  the  superior 
vena  cava,  the  lower  part  of  the  latter 
vessel  from  the  entrance  of  the  vena 
azygos  major  downwards  representing  the  right  duct  of  Cuvier,  which,  though  it  is  placed 
transversely  in  the  early  stages,  becomes  more  vertical  as  the  heart  descends  in  the 
thoracic  cavity.  On  the  left  side  above  the  transverse  anastomosis  it  forms  the  external 
jugular  vein,  the  innermost  jjart  of  the  subclavian  vein,  and  a  small  part  of  the  left 
innominate  vein ;  the  main  part  of  the  latter  vessel  being  formed,  as  before  stated,  from 
the  transverse  anastomosis.  The  portion  of  the  left  primitive  jugular  vein  which  lies 
below  the  anastomosis  is  represented  in  the  adult  by  the  iipper  part  of  the  left  superior 
intercostal  vein. 
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605. — Development  of  the  Venous  System 
(Diagrauiniatic). 

Stage  III. — The  right  umbilical  vein  has  disappeared,  aud 
the  superior  mesenteric  and  splenic  veins  have  joined 
the  fused  vitelline  veius. 
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The  portions  of  the  cardinal  veins  lying  below  the  transverse  anastomosis  which 
becomes  the  left  common  iliac  vein  remain  ;  that  on  the  right  forms  the  right  internal  and 
common  iliac  veins,  but  the  left  forms  only  the  left  internal  iliac  vein  and  a  small  part  of 
the  left  common  iliac  vein,  for  the  transverse  anastomosis  commences  on  the  left  side 
almost  opposite  the  point  of 
entrance  of  the  external  iliac 
vein,  whilst  it  terminates  on 
the 
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side  at  a  higher 


the  left  common 
to  the  renal  vein 
the  cardinal  vein  of  the  left 
side  disappears  ;  that  on  the 
right  side  becomes  the  lower 
part  of  the  inferior  vena 
cava,  to  which  the  blood 
passes  from  the  left  side  of 
the  abdominal  wall  by  means 
of  small  transverse  anasto- 
mosing channels  which  existed 
between  the  cardinal  veins, 
and  which  persist  as  the 
terminal  portions  of  the  left 
himbar  veins. 

Above  the  renal  veins 
part  of  the  right  cardinal  vein 
persists  as  the  vena  azygos 
major,  and  the  left  forms 
the  upper  and  lower  minor 
azygos  veins  and  the  lower 
part  of  the  left  superior  inter- 
costal vein.  The  azygos  minor 
veins  open  into  the  azygos 
major  by  the  two  transverse 
anastomosing  channels  which 
form  between  the  upper  pai'ts 
of  the  cardinal  veins. 

The  ixpper  part  of  the  in- 
ferior vena  cava  is  developed 
as  an  outgrowth  from  the 
common  trunk  formed  by  the 
fusion  of  the  ductus  venosus 
with  the  right  hepatic  vein. 
It  grows  downwards,  behind 
the  liver  and  along  the  right 
side  of  the  vertebral  column, 
to  the  interval  between  the 
kidneys,  whei-e  it  divides  into 
two  branches,  of  which  the 
right  anastomoses  with  the 
right  cardinal  vein  at  the 
level  of  the  renal  vein  ;  it 
receives  the  suprarenal  vein, 
and  it  terminates  in  a  taper- 
ing extremity  which  is  said 
to  become  the  spermatic  vein 
of  the  right  side.  The  left 
branch  passes  across  the  front 
unites  with  the  left 
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Fig.  606. — Development  of  the  Venous  System  (Diagi-ammatic). 

Stage  IV. — The  left  umbilical  vein  has  joined  the  upper  part  of  the  left 
vitelline  vein  ;  the  ductus  venosus  and  the  upper  part  of  the  inferior 
vena  cava  have  ajipeared,  and  portions  of  the  primitive  jugular  and 
cardinal  veins  have  atrophied. 


of  the  aorta  below  the  superior  mesenteric  artery,  and 
cardinal  vein  at  the  point  of  entrance  of  the  renal  vein.  It  gives 
off  an  upper  branch  which  becomes  the  left  suprarenal  vein,  and  a  lower  which  becomes 
the  left  spermatic  vein.  As  before  pointed  out,  the  left  cardinal  vein  disappears  between 
the  renal  vein  and  the  left  common  iliac  vein,  whilst  the  right  remains  as  the  lower  part 
of  the  inferior  vena  cava.    The  left  division  of  the  upper  part  of  the  inferior  vena  cava, 
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■which  crosses  the  aorta  below  the  superior  mesenteric  artery,  remains  as  the  inner  portion 
of  the  left  renal  vein,  which  therefore  receives  the  left  spermatic  and  left  suprarenal  veins 
as  ti-ibutaries. 

The  Veins  of  the  Limbs. 

Two  sets  of  veins  are  developed  in  each  limb,  the  superficial  and  the  deep  ;  the  former 
are  the  primary  vessels,  and  as  a  rule  they  are  quite  apart  from  the  limb  arteries ;  the 
deep  veins  are  secondary,  and  they  accompany  the  arteries  of  the  limb. 

At  the  peripheral  extremity  of  each  limb  a  venous  arch  is  developed,  which  is  subse- 
quently transformed  into  the  digital  veins.  In  the  upper  extremity  the  arch  terminates  on 
the  ulnar  (post-axial)  side  of  the  limb  in  a  trunk  which  afterwards  becomes  the  posterior 
ulnar,  basilic,  axillary,  and  subclavian  veins.  At  a  later  period  additional  superficial 
vessels  are  formed,  and  of  these  a  median  vein  which  drains  the  palm,  and  a  radial  which 
commences  on  the  radial  side  of  the  dorsum  of  the  hand,  are  the  most  important.  The 
radial  23asses  up  the  preaxial  border  of  the  limb,  becomes  the  cephalic,  and  for  a  time 
terminates  in  the  primitive  jugular  vein  ;  this  connexion  is  usually  lost,^  and  a  new  com- 
munication is  formed  with  the  axillary  vein.  The  median  vein  ends  in  an  anastomosing 
vessel  between  the  basilic  and  cephalic  veins  at  the  elbow,  and  through  which  it  also 
communicates  Avith  the  deep  veins. 

In  the  lower  extremity  the  perijaheral  venous  arch  terminates  in  a  fibular  or  post-axial 
trunk,  whi-ch  remains  in  the  adult  as  the  external  saphenous  vein ;  its  connexion  with  the 
sciatic  vein,  which  was  its  original  continuation  upwards,  is  soon  lost,  and  a  new  com- 
munication is  formed  with  the  popliteal  vein. 

The  internal  sajAenous  vein  is  a  later  development  which  appears  on  the  pre-axial 
border  of  the  limb,  and  terminates  in  the  femoral  vein. 

The  deep  veins  appear  as  a  series  of  anastomosing  channels  at  the  sides  of  the 
arteries. 

,  The  Pulmonary  Veins. 

The  'pulmonary  veins  develop  simultaneously  with  the  lungs,  and  at  first  the  veins 
from  l9oth  lungs  unite  to  form  a  single  trunk,  which  enters  the  left  auricle  posteriorly, 
close  to  the  auricular  septum  ;  subsequently  the  single  trunk  is  absorbed,  and  two  veins, 
one  from  each  lung,  enter  the  left  auricle,  and  eventually,  as  the  result  of  further 
absorption,  two  veins  from  each  lung  terminate  in  that  cavity. 

MOEPHOLOGY  OF  THE  VASCULAE  SYSTEM. 

In  conformity  with  the  general  plan  of  the  vertebrate  body,  the  vascular  system  is  essentially 
segmental  in  character.  This  is  obvious,  even  in  the  adult,  in  the  intercostal  and  lumbar  vessels. 
It  is  distinguishable,  though  less  obvious,  in  the  vessels  of  the  head  and  neck  and  of  the  pelvis. 

The  segmental  arteries  and  veins  form  a  series  of  bilaterally  symmetrical  vessels,  each  of 
which  is  united  to  the  vessels  of  adjacent  segments  by  intersegmental  channels,  which  anastomose 
with  one  another,  through  the  portions  of  the  segmental  vessels  which  thej'  connect  together, 
and  thus  form  longitudinal  trunks.  The  longitudinal  trunks  are  -clearly  secondary,  and  they 
are  mainly,  though  not  exclusively,  intersegmental.  From  them  the  main  stem  vessels  of  the 
individual  are  formed,  and  from  or  to  these  latter  the  segmental  vessels  appear  to  proceed  as 
branches  or  tributaries. 

In  the  course  of  development  the  secondary  charactei'  of  the  longitudinal  tnuiks  is  lost  sight 
of ;  they  become  the  most  imjjortant  trunks  in  the  individual,  and  they  are  formed  before  the 
segmental  vessels  make  their  apjiearance. 

The  Segmental  Arteries  and  their  Anastomoses. 

The  main  longitudinal  trunks  formed  by  the  intersegmental  vessels  anastomosing  with  each 
other,  through  the  segmental  arteries  which  they  connect  together,  are  the  primitive  aorta;.  The 
descending  aorta  is  formed,  in  the  greater  part  of  its  extent,  by  the  fusion  of  the  dorsal  parts  of 
the  primitive  aorta;,  and  from  it  the  segmental  arteries  arise  in  pairs. 

In  a  typical  segment  of  the  body  of  the  embryo  there  are  three  segmental  arteries  on  each 
side.  One  rises  from  the  dorsal  surface  of  the  primitive  dorsal  aorta,  i.e.  from  the  dorsal  longi- 
tudinal trunk,  and  runs  outwards  in  the  tissues  develoj^ed  from  the  somatic  mesoderm ;  it  is 
distributed  to  the  body  wall,  including  the  spinal  colunui  and  its  contents,  and  is  termed  a 
somatic  segmental  artery.  A  second  vessel  rises  from  the  side  of  the  primitive  dorsal  aorta  ;  it 
is  distributed  to  the  structures  developed  from  the  intermediate  cell  mass,  viz.  the  suprarenal 

1  In  certain  cases  it  remains,  and  then  the  cephalic  vein  crosses  the  front  of  the  clavicle  and  terminates 
in  the  external  jugular  vein. 
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body,  the  kidney,  and  the  ovary  or  testicle,  and  it  is  accordingly  termed  the  intermediate  visceral 
artery.    The  third  artery,  which  is  known  as  the  splanchnic  segmental  artery,  springs  from 


So.SA 


CAA.I 


Fig.  607.- 


-dlageam  of  the  cephalic  aortic  arches,  and  op  the  segmental  and  intersegmental 
Arteries  in  the  Region  in  Front  of  the  Umbilicus. 


C.  A.A  I,  II,  III,  IV,  V.  The  cephalic  aortic  arches.  Po.T. 
Co.       Anastomosing  vessel  between  the  primitive  Pr.C. 

ventral    aorta   and    the   ventral    somatic  P.V.A. 

anastomosis.  So.S.A 

D.  D.     Dorsal  division  of  a  somatic  segmental  artery. 

D.Sp.    Dorsal  splanchnic  anastomosis.  Sp.S.A, 

L.B.      Lateral  branch  of  ventral  division  of  somatic  V.D. 

segmental  artery.  V.E.D. 

L.B.D.  Branch  to  lateral  enteric  diverticulum.  V.V. 

P.D.A.  Primitive  dorsal  aorta.  V.So. 

Po.C.    Post-costal  anastomosis.  V.Sp. 


Post-transverse  anastomosis. 
Pre-costal  anastomosis. 
Primitive  ventral  aorta. 
1,  2,  3,  4,  5,  6,  7,   8.  Somatic  segmental 
arteries. 
Splanchnic  segmental  arteries. 
Ventral  division  of  a  somatic  segmental  artery. 
Branch  to  ventral  enteric  diverticulum. 
Vitelline  vessels. 
Ventral  somatic  anastomosis. 
Ventral  splanchnic  anastomosis. 


the  ventral  surface  of  the  descending  aorta.  It  runs  in  the  tissues  xleveloped  from  the  splanchnic 
mesoderm,  and  supplies  the  wall  of  the  alimentary  canal. 

The  somatic  segmental  arteries  form  in  the  early  embryo  a  regular  series  of  paired  vessels 
throughout  the  cervical,  dorsal,  lumbar,  and  sacral  regions.  It  is,  however,  only  in  the  dorsal  and 
lumbar  regions  that  their  original 

cliaracters  are  retained.   The  paired  ^  °  ^-^ 

vessels  pass  backwards  by  the  sides 
of  the  vertebrne,  and  divide  into 
dorsal  and  ventral  branches  which 
accompany  the  corresponding 
anterior  and  posterior  primary 
divisions  of  the  spinal  nerves. 

The  ventral  branches  run  out- 
wards between  the  ribs  in  the 
dorsal  region,  and  in  corresponding 
positions  in  the  lumbar  region. 
They  are  connected  together,  near 
their  commencements,  by  a  series 
of  precostal  anastomoses  which  pass 
in  front  of  the  necks  of  the  ril3s, 
and  they  are  also  connected  together 
near  their  terminations  by  ventral 
anastomosing  channels  which  run 
in  the  thoracic  region  behind  the 
costal  cartilages,  and  in  the  lumbar 
region  behind  or  in  the  substance 
of  the  rectus  abdominis  muscle. 
Each  ventral  branch  gives  off  a 
lateral  offset  which  is  distributed 
like  the  lateral  cutaneous  branch  of 
a  spinal  nerve.  ■ 

The  dorsal  branches  run  back- 


FiG.  608. — Diagram  op  the  Caudal  Aortic  Arch,  and 
Segmental  and  Intersegmental  Arteries  in  the 
behind  the  umbilicus. 
Cd.A.A.  Caudal  aortic  arch. 

Dorsal  splanchnic  ana- 
stomosis. 
Middle  sacral  artery. 
Parietal    branch  from 

caudal  arch. 
Primitive  dorsal  aorta. 
Primitive  ventral  aorta. 


D.Sp. 

M.S. 
Pa.C. 

P.D.A. 
P.V.A. 


OF  THE 

Region 


So.S.A.  Somatic  segmental 
arteries. 

Sp.S.A.  Splanchnic  segmental 
arteries. 

V.E.D.(Hy).  Branch  to  a  ventral 

enteric  diverticulum. 
Vi.C.     Visceral  branch  from  the 
caudal  arch. 


V.V.  Vitelline  vessels. 


wards  between  the  trans^-erse  processes  of  the  vertebrae  ;  they  are  connected  Ijehind  the  necks  of 
the  ribs  by  post-costal  anastomoses,  and  again  behind  tlie  transverse  processes  of  the  vertebrae  by 
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post -transverse  anastomosing  cliannels.  Moreover,  each  dorsal  branch,  as  it  passes  bv  the  corre- 
sponding intervertebral  foramen,  gives  a  spinal  offset  which  enters  the  sjjinal  canal  along  the 
corresponding  nerve-root,  and  divides  into  a  dorsal,  a  ventral,  and  a  neural  branch.  The  dorsal 
branches  of  these  spinal  arteries  are  connected  together  along  the  ventral  surfaces  of  the  laminte 
by  i^re-laminar  anastomoses,  and  the  ventral  branches  are  united  on  the  dorsal  surfaces  of  the 
vertebral  centra  with  their  fellows  above  and  below  by  post-central  anastomoses  ;  they  are  also 
united  with  their  fellows  of  the  opposite  side  by  transverse  communicating  channels.  The  neural 
branches  of  the  spinal  arteries  divide  similarly  into  dorsal  and  ventral  branches ;  the  dorsal 
branches  of  each  side  are  connected  together  by  jDOst-neural  anastomoses,  and  the  ventral  Ijranches 
unite  in  the  middle  line  both  with  their  fellows  above  and  below  and  with  tliose  of  the  opposite 
side,  forming  a  single  longitudinal  pre-neural  trunk. 

In  the  dorsal  and  lumbar  regions  of  the  liody  the  somatic  segmental  arteries  persist  and  form 

the  intercostal  and  lumbar 
arteries.  These  vessels  spring 
from  the  dorsal  aspect  of  the 
descending  aorta,  usually  in 
jiairs.  The  corresponding 
vessels  of  ojiiDosite  sides,  liow- 
ever,  occasionally  fuse  together 
at  their  origins,  simult  aneously 
with  the  fusion  of  the  dorsal 
longitudinal  trunks  to  form 
the  descending  aorta,  and  then 
tliey  arise  by  common  stems. 

The  precostal  anastomoses 
l)etween  the  ventral  branches 
of  the  somatic  segmental 
arteries  are  only  represented 
in  the  dorsal  region  by  the 
superior  intercostal  arteries ; 
in  the  lumbar  region  they 
disappear  entirely.  The 
anastomoses  between  the 
anterior  ends  of  the  ventral 
branches  of  the  somatic  seg- 
mental arteries  jjersist  as  the 
internal  mammary  and  deep 
epigastric  arteries. 

The  lateral  offsets  of  the 
ventral  branches  are  repre- 
sented by  the  cutaneous 
arteries  which  accomiDany  the 
lateral  cutaneous  branches  of 
the  spinal  nerves. 

The  post-costal  and  post- 
transverse  anastomoses  usually 
disappear  in  the  dorsal  and 
lumbar  regions,  but  the  post- 
costal  anastomoses  occasionally 
persist  in  the  u])per  dorsal 
region,  and  take  part  in  the 
formation  of  the  vertebral 
artery,  which  in  such  cases 
arises  from  the  first  or  second 
intercostal  artery.  In  some 
carnivores  the  j)ost- costal 
longitudinal  vessels  persist  in 
a  trunk  which  is  connected  with  the  first 
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609. — Diagram  showing  the  Arrangement  and  Communications 
OF  THE  Segmental  and  Intersegmental  Arteries  at  an  early 
Stage  of  Development. 


C,  Coeiora  ;  D.Sp,  Dorsal  splanchnic  anastomosis  ;  In,  Intestine  ;  I.V,  Inter- 
iiiediate  visceral  artery  ;  L.B,  Lateral  branch  of  the  ventral  division  of 
a  somatic  segmental  artery  ;  P.C,  Post-central  anastomosis  ;  P.D.A, 
Primitive  dorsal  aorta  ;  Po.C,  Post-costal  anastomosis  ;  Po.N,  Post- 
neural  anastomosis  ;  Po.T,  Post-transverse  anastomosis  ;  Pr.C,  Pre- 
costal  anastomosis  ;  Pr.L,  Pre-laniinar  anastomosis  ;  Pr.N,  Pre-nenral 
anastomosis  ;  So.S.A,  Somatic  .segmental  artery  ;  Sp.S.A,  Splanchnic 
segmental  artery  ;  V.E.D,  Branch  to  a  ventral  enteric  diverticulum  ; 
V.So,  Ventral  somatic  anastomosis  ;  V.Sp,  Ventral  splanchnic  ana- 
stomosis. 


the  Upper  dorsal  region,  and  form,  on  each  side 
aortic  intercostal,  and  which  sujjplies  the  five  anterior  intercostal  spaces. 

The  pre-laminar,  the  jiost-central,  and  the  pre-  and  ijost-neural  anastomoses  persist,  the  two 
latter  aiding  in  the  formation  of  the  dorsal  and  lumbar  portions  of  the  pre-  and  j^ost-spinal 
arteries  resjjectively. 

It  is  in  the  cervical  region,  however,  that  the  most  interesting  changes  occur.  The  first  .six 
pairs  of  somatic  segmental  arteries  lose  their  connexions  witli  the  dorsal  roots  of  the  aortic  arches, 
i.e.,  in  other  words,  with  the  longitudinal  anastomosing  channels  in  this  region.  The  seventh 
pair,  however,  persist  in  their  entirety ;  and  from  them  are  formed,  on  the  right  side,  a  portion 
of  the  subclavian  trunk,  and  on  the  left  side  the  whole  of  the  subclavian  stem  from  its  com- 
mencement up  to  the  origin  of  the  vertebral  artery.  On  each  side  the  ventral  branch  of  the 
seventh  segmental  artery  forms  tliat  portion  of  the  subclavian  arteiy  which  lies  between  the 
origins  of  the  vertebral  and  internal  mammary  arteries,  and  also  the  trunk  of  the  internal 
mammary  artery  as  far  as  the  upper  border  of  the  first  costal  cartilage.  The  remainder  of  the 
internal  mammary  arterj^  rejjresents  the  ventral  longitudinal  anastomoses  between  the  ventral 
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brandies  of  tlie  seventh  and  the 
following  somatic  segmental  arteries. 
The  continuation  of  the  snbclavian 
artery,  beyond  the  inner  margin  of 
the  first  rib,  is  the  persistent  and 
enlarged  lateral  offset  of  the  ventral 
branch  of  the  seventh  somatic 
segmental  artery,  which  is  continued 
outwards  into  theujDper  limb  behind, 
or  postaxial  to  the  shoulder  girdle. 
The  tliyroid  axis  and  the  superior 
intercostal  artery,  both  brandies  of 
the  subclavian  artery,  are  persistent 
pre-costal  anastomoses,  and  the 
ascending  cervical  artery  belongs  to 
the  same  series  of  vessels.  The 
vertebral  artery,  which  appears  as 
a  branch  of  the  subclavian  in  the 
adult,  is  morphologically  somewhat 
complex.  The  first  jiart  represents 
the  dorsal  branch  of  the  seventh 
somatic  segmental  artery ;  the  second 
part,  that  passing  through  the 
cervical  transverse  processes,  consists 
of  the  jjersistent  post-costal  anasto- 
moses between  the  first  seven  seg- 
mental arteries ;  a  third  part,  that 
lying  on  the  arch  of  tlie  atlas,  is  the 
spinal  branch  of  the  first  somatic 
segmental  artery  and  its  neural  con- 
tinuation ;  whilst  finally  the  upper 
part  of  the  vertebral  artery,  that  in 
the  cranial  cavity,  appears  to  repre- 
sent a  i^rolongation  of  the  -pre- 
neural    anastomoses,    whicli  still 


Fig.  610. — Diagram  of  the  Segmental  and  Ijitersegmental 

AETEEIES    at   a    later    period    of    DlSVELOPMENT   THAN  IN 

Fig.  609. 

C.  Ccelom  ;  D.A,  Dorsal  aorta  ;  D.Sp,  Dorsal  splanchnic  anastomosis  ; 
In,  Intestine  ;  V.E.D,  Brancli  to  ventral  enteric  diverticulum  ; 
V.Sp,  Ventral  splanchnic  anastomosis. 


fa-rther  upwards  are  probably  represented  by  the  basilar  artery.  As  already  stated,  the  post- 
costal  anastomoses  below  the  seventh  segmental  artery  occasionally  persist,  and  in  such  cases  the 

and  sjiring  from  one  or  other  of  the 
dorsal  branches  "of  the  upper  intercostal 


vertebral  may  lose  its  connexion  with  the  subclavian, 
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Fig.  611. — Diagram  showing  the  Arrangement  and  Com- 
munications OP  the  Segmental  Arteries  in  the 
Region  of  the  Cephalic  Aohtic  Arches. 

C.A.A,  Cephalic  aortic  arch  ;  In,  Intestine  ;  L.B,  Lateral  branch 
of  a  somatic  segmental  artery  ;  L.E.D,  Branch  to  a  lateral 
enteric  diverticulum  ;  P.C,  Post-central  anastomosis  ;  P.D.A, 
Primitive  dorsal  aorta;  Po.C,  Post-costal  anastomosis ;  Po.N, 
Post-neural  anastomosis  ;  Po.T,  Post-transverse  anastomosis  ; 
Pr.C,  Pre-costal  anastomosis  ;  Pr.L,  Pre-laminar  anastomosis ; 
Pr.N,  Pre-neural  anastomosis;  P.V.A,  Primitive  ventral  aorta; 
So.S.A,  Somatic  segmental  artery;  V.E.D,  Branch  to  a  ventral 
enteric  diverticulum  ;  V.So,  Ventral  somatic  anastomosis. 


arteries. 

The  profunda  cervicis  artery  is  to 
l3e  regarded  as  a  remnant  of  the  post- 
transverse  longitudinal  anastomoses. 

The  origin  of  the  seventh  somatic 
segmental  artery  from  the  dorsal  longi- 
tudinal trunk  is  at  first  some  distance 
behind  the  fifth  aortic  arch,  but,  simul- 
taneously with  the  elongation  of  the 
neck  and  the  retraction  of  the  heart 
into  the  tlioracic  region,  it  is  shifted 
forward  until  it  is  op230site  the  dorsal 
end  of  the  fourth  aortic  arch. 

The  middle  sacral  artery  is  formed 
l)y  the  fusion  of  two  vessels,  each  of 
which  springs  from  the  p>rimitive  aorta 
in  exactly  the  same  manner  as  a  somatic 
segmental  artery ;  it  may  therefore  be 
looked  upon  as  consisting  of  fused 
somatic  segmental  vessels  which  have 
been  prolonged  backward  for  the  supply 
of  the  caudal  apjjendage.  It  is,  how- 
ever, commonly  regarded  as  the  direct 
continuation  of  the  descending  aorta, 
and  consequently  as  being  mainly  inter- 
segmental. Its  mode  of  origin  and 
general  nature  do  not  lend  mucli 
support  to  the  latter  view. 

The  intermediate  visceral  arteries 
supply  the  organs  derived  from  the 
intermediate  cell  mass.  They  form  a 
some^vhat  irregular  series  of  vessels  in 
the    adult,   but    presumably   in  the 
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primitive  condition  there  was  a  pair  in  each  segment  of  the  body  ;  many  of  these  disapjjear,  how- 
ever, and  the  series  is  onlj-  rej^resented  in  the  adult  by  the  suprarenal,  the  renal,  and  the  sperm- 
atic or  ovarian  arteries — possilily,  also,  Ijy  some  of  the  branches  of  the  internal  iliac  arteries. 

The  splanchnic  segmental  arteries  arise  in  the  embryo  fronx  the  ventral  aspects  of  the 
l^rimitive  dorsal  aorta3,  and  are  distributed  to  the  walls  of  the  alimentary  canal.  They  anasto- 
mose with  their  fellows  in  front  and  behind  in  the  dorsal  wall  of  the  gut ;  those  in  front  of 
tlie  uml)ilieus  also  communicate  together  on  the  ventral  wall  of  the  gut,  whilst  those  btdiind  the 
umbilicus  terminate  ventrally  in  the  posterior  sections  of  the  ventral  aortse. 

After  the  fusion  of  the  dorsal  longitudinal  trunks  to  form  the  descending  aorta,  the  origins  of 
the  sjjlanchnic  arteries- in  each  segment  fuse  into  a  common  stem,  or  either  the  right  or  left  artery 
altogether  disajjpears,  whilst  at  a  later  period  the  majority  of  the  sijlanchnic  segmental  arteries 
lose  their  direct  connexion  with  the  descending  aorta ;  those  which  retain  their  connexion  are 
the  left  bronchial  arteries,  the  cesoj)hageal  branches  of  the  aorta,  the  caliac  axis,  and  the  superior 
and  inferior  mesenteric  arteries,  the  three  latter  vessels  greatly  increasing  in  size. 

The  coronary  or  gastric  branch  of  the  ccoliac  axis,  as  it  passes  from  its  origin  to  the  small 
curvature  of  the  stomach,  represents  a  right  splanchnic  artery ;  the  remainder  of  the  coi'onary 
artery  and  the  pyloric  branch  of  the  hepatic  are  remnants  of  the  ventral  anastomoses  between  the 
splanchnic  arteries  in  front  of  the  umbilicus. 

The  sjjlenic  artery  is  a  branch  given  off  from  a  splanchnic  artery  to  an  organ  developed  in  the 
gastric  mesentery,  and  the  hepatic  is  a  branch  from  tlie  ventral  splanchnic  anastomosis  to  the 
heijatic  diverticulum  from  the  wall  of  the  duodenal  i^ortion  of  the  fore-gut. 

The  superior  and  inferior  mesenteric  arteries  represent  at  their  origins  splanchnic  branches, 
and  in  the  remainder  of  their  extent  the  dorsal  anastomoses  on  the  gut  wall. 

The  Aorta,  Pulmonary  Artery,  and  other  Chief  Stem  Vessels. 

The  heart  and  the  majority  of  the  great  arterial  trunks  of  the  body,  including  the  aorta,  the 
inhomiiuite,  part  of  the  light  suljclavian,  the  common,  external,  and  greater  jiarts  of  the  internal 
carotids,  the  common  and  internal  iliacs,  and  the  pulmonary  arteries,  are  all  modified  portions 
either  of  the  primitive  aortse  or  of  the  aortic  arches.  The  develojimental  changes,  which  result 
in  the  formation  of  the  vessels  named,  are  described  in  the  preceding  chapter,  and  the  morphology 
of  these  vessels  is  obviously  the  same  as  that  of  the  trunks  from  which  they  are  derived. 

It  will  be  suflicient,  therefore,  to  point  out  tliat  the  primitive  aortte  are  to  be  regarded 
as  the  greatly  enlarged  pre-central  or  pre-vertebral  longitudinal  anastomoses  between  the 
successive  segmental  arteries  of  each  side ;  obviously,  therefore,  each  jiriniitive  aorta,  like 
the  rest  of  the  longitudinal  anastomoses,  consists  chiefly  of  intersegmental  elements.  The  origins 
of  the  segmental  vessels  only  enter  into  its  formation  in  so  far  as  they  connect  the  inter- 
segmental vessels  together,  and  so  complete  the  longitudinal  anastomoses. 

The  first  cephalic  aortic  arches  and  the  primary  caudal  arches  are  simply  portions  of  the 
primitive  aortfe.  The  other  aortic  arches  have  jjossibly  a  different  morphological  significance, 
but  their  exact  nature  is  not  definitely  settled. 

The  second,  third,  fourth,  and  fifth  cejjhalic  aortic  arches  of  each  side  are  developed  in  the  un- 
divided mesoderm  of  the  head  region  behind  the  first  arch.  They  spring  from  the  anterior  part  of 
the  primitive  aorta  which,  after  the  head  fold  is  formed,  lies  on  the  ventral  aspect  of  the  fore-gut, 
and  they  extend  at  the  side  of  the  pharyngeal  part  of  tlie  fore-gut  to  the  dorsal  aorta.  Thus  in 
some  respects  they  resemble  segmental  vessels.  Behind  the  umbilicus  some  of  the  segmental 
siilaiichnic  arteries  pass  from  the  dorsal  to  the  ventral  aorta  in  the  splanchnic  mesoderm  on  the 
wall  of  the  alimentary  canal.  In  addition  to  the  vessels  already  mentioned,  there  are  given  oft' 
from  the  ventral  aortse  and  the  aortic  arches  a  series  of  branches  which  su23j)ly  ventral  and  lateral 
diverticula  from  the  alimentary  canal ;  these  are  represented  in  the  adult  by  the  superior 
thyroid,  the  tliyroidea  ima,  and  the  terminal  branches  of  the  hj-j)ogastric  arteries. 

Iliac  Arteries  and  their  Branches. — The  common  iliac  arteries  are  undoubtedly  formed 
from  the  primitive  aortic  longitudinal  vessels ;  they  are  simply  those  portions  of  the  right 
and  left  in-imitive  aortte  respectively  which  lie  immediately  beyond  or  caudal  to  the  per- 
manent descending  aorta.  The  direct  continuation  of  each  is  the  primary  caudal  arcli, 
which  forms  the  origin  of  the  sujierior  vesical  artery,  and  is  jJi'olonged  as  the  hypogastric 
artery  ;  these  continuous  channels  are  for  the  most  part  made  uj)  of  intersegmental  vessels. 
So  also  are  the  permanent  vessels  into  wliich  they  are  transformed.  Eefereiice  has  already  been 
made  to  the  fact  that  the  primary  caudal  arch  almost  entirely  disai)pears,  and  that  a  secondary 
caudal  arch  is  developed  in  lieu  of  it  (]).  878). 

The  internal  iliac  arteries  are  almost  entirelj'  formed  from  the  secondary  caudal  arches.  The 
primary  caudal  arch,  beyond  doulit,  is  not  a  segmental  vessel ;  the  secondary  arch  may  be,  but 
this  is  still  unpro\'ed.  Tlie  branches  of  the  internal  iliac  artery  which  rejjresent  offsets  of  the 
"  caudal  arch portion  of  the  primitive  aortce  are  arranged  in  two  groups— (1)  a  visceral  set 
which  sujjplies  the  walls  of  the  hind-gut  and  the  genital  organs,  and  (2)  a  parietal  set  which  is 
distributed  to  the  body  wall  and  to  the  hind-limbs.  The  In-aiiches  distributed  to  the  gut  prob- 
ably represent  the  segmental  splanchnic  vessels  given  oft'  from  the  dorsal  longitudinal  vessels  ; 
those  to  the  genital  organs  appear  to  corresijond  with  the  intermediate  visceral  branches,  for  they 
are  distributed  to  organs  deri\-ed  from  the  intermediate  cell  mass. 

The  parietal  set  are  to  be  regarded  as  modified  somatic  segmental  branches  of  the  dorsal 
longitudinal  trunks.  The  lateral  sacral  arteries  which  belong  to  this  group  rein'esent,  in  the 
greater  parts  of  their  extent  at  least,  the  ]>re-costal  anastomoses. 
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The  Limb  Arteries. 

In  all  probability  tlie  vessels  of  both  tlie  anterior  and  the  posterior  extremities  are  derived 
from  several  somatic  segmental  arteries,  the  majority  of  which,  however,  in  the  course  of  phylo- 
genetic  development,  have  atrophied.  The  np2jer  limb  is  supplied  in  man  by  the  lateral  otfset 
from  tlie  venti'al  branch  of  the  seventh  somatic  segmental  artery.  It  passes  out  into  the 
extremity  behind  tlie  shoulder  girdle,  courses  through  the  upper  arm,  enters  the  antecubital 
fossa,  and  is  continued  through  the  forearm,  in  the  early  stages,  as  the  anterior  interosseous 
artery,  to  the  deep  part  of  the  palm,  wliere  it  terminates  in  the  deep  palmar  arch.  At  a  later 
period  a  median  artery  is  given  off  from  the  parent  stem,  and  it  terminates  in  a  superficial 
palmar  arch ;  still  later  the  radial  and  ulnar  branches  are  given  off.  The  latter  grow 
i^ajDidly,  soon  exceeding  in  size  the  parent  stem,  and  they  terminate  in  the  superficial  and 
deep  palmar  arches.  The  interosseous  and  median  arteries  decrease,  and  generally  lose  their 
direct  connexions  with  the  palmar  arches.  The  posterior  interosseous  artery  is  also  a 
secondary  brancli  from  the  parent  stem,  and  the  digital  arteries  are  offsets  from  the  palmar 
arterial  arches. 

The  chief  arteries  of  the  lower  extremities  spring  directly  from  the  caudal  arches,  and  may  be 
looked  upon  as  being  essentially  segmental ;  whether  they  represent  the  whole  or  only  parts  of 
typical  somatic  segmental  arteries,  however,  is  not  clear. 

The  arteries  of  the  hind-linibs  certainly  show  no  very  obvious  indications  of  division  into 
dorsal  and  ventral  branches,  though  such  indications  are  not  entirely  wanting.  In  their  com- 
parative absence  it  is  sujjjjosed  that  the  dorsal  branches  have  been  either  suppressed  or  incor- 
porated with  the  common  stems  ;  that  similarly  the  ventral  branches  and  their  lateral  offsets 
are  indistinguishably  fused,  and  that  probably  both  are  rejjresented  in  a  limb  artery. 

The  original  stem  vessel  of  the  lower  limb  is  the  sciatic  artery,  which  is  continued  down- 
M-ards  behind  the  pelvic  girdle  into  the  pojiliteal  and  peroneal  arteries,  and  so  to  the  plantar 
arch.  Subsequently  the  external  iliac  artery  is  given  off  from  the  caudal  arch  above  the  origin 
of  the  sciatic,  and,  passing  into  the  limb  in  front  of  the  pelvic  girdle,  it  becomes  the  femoral 
artery.  This  vessel  ultimately  unites  with  the  upper  jjart  of  the  joopliteal  artery,  and  after  this 
communication  is  established  the  lower  part  of  the  sciatic  atrojjhies  and  loses  its  connexion 
with  the  pojjliteal,  ■svhich  henceforth  appears  to  be  the  direct  continuation  of  the  femoral  trunk  ; 
therefore,  whilst  the  main  artery  of  the  upper  limb  is  formed  by  the  prolongation  of  the  lateral 
branch  of  one  segmental  artery,  the  corresjjonding  vessel  of  the  lower  extremity  is  developed 
from  representatives  of  two  somatic  segmental  arteries,  the  external  iliac  and  femoral  trunks 
being  the  representatives  of  one,  whilst  the  popliteal  and  its  continuation,  the  peroneal,  are 
parts  of  another. 

The  first  main  artery  of  the  leg  is  the  peroneal,  which  is  continued  into  the  j^lantar  arch  ; 
after  a  time,  however,  the  posterior  and  anterior  tibial  branches  are  given  off  from  the  stem, 
over  which,  as  a  rule,  they  soon  preponderate  in  size,  and  they  terminate  in  the  plantar  arch, 
whilst  the  parent  trunk  diminishes  and  loses  its  direct  connexion  with  the  arch. 

The  peroneal  artery  corresponds  in  position  and  development  witli  the  interosseous  trunk 
and  tlie  anterior  interosseous  artery  in  the  forearm.  The  posterior  tibial  ajj^^arently  corre- 
sponds with  the  median  artery ;  it  develojjs  in  a  similar  way,  and  has  similar  relations  to 
homologous  nerves,  the  jjosterior  tibial  nerve  representing  the  combined  median  and  ulnar 
nerves  of  the  upper  extremity. 

Tlie  anterior  tibial  artery  represents  the  j)Osterior  interosseous,  whilst  the  radial  and  ulnar 
arteries  of  the  upper  extremity  are  not  represented  in  the  lower  limb. 
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Two  dorsal  longitudinal  vessels,  one  on  each'  side,  connect  the  successive  segmental  veins 
together.  They  do  not,  liowever,  in  any  part  of  their  course,  fuse  together  to  form  a  single 
vessel  comparable  to  the  descending  aorta. 

Of  these  dorsal  longitudinal  vessels,  that  on  the  right  side  greatly  enlarges,  and  from  it  the 
main  stem  vessels  which  return  blood  from  the  body  walls,  the  head  and  neck,  and  the  limbs,  are 
almost  entirely  formed.  The  left  dorsal  longitudinal  vessel  remains  relatively  small — in  jjarts, 
indeed,  it  altogether  disappears— and  the  blood  conveyed  to  it  by  the  corresponding  segmental 
veins  is  transmitted  across  the  middle  line  to  the  chief  functional  stem  by  later  develojDed  and 
superadded  transverse  communicating  channels,  Mdiich  are  formed  between  the  more  primitive 
longitudinal  anastomoses. 

The  primitive  dorsal  longitudinal  anastomosing  channels  include  on  each  side  (1)  the  primi- 
tive jugular  vein,  (2)  the  primitive  cardinal  vein,  and  (3)  the  duct  of  Cuvier ;  the  last-named 
vessel,  however,  is  not  so  much  a  longitudinal  anastomosis  as  a  communicating  channel  between 
the  longitudinal  anastomoses  and  the  heart,  for  it  is  formed  by  the  junction  of  the  i^rimitive 
jugular  and  cardinal  veins,  and  opens  into  the  sinus  venosus  of  the  primitive  heart. 

From  these  vessels,  and  from  the  transverse  communications  which  are  established  between 
the  jnimitive  jugular  and  cardinal  veins  of  oi^posite  sides,  the  chief  veins  of  the  head  and  neck 
and  the  body  are  formed  ;  there  are  in  addition,  liowever,  three  later-formed  vessels  from  which 
some,  or  portions  of  some,  of  the  main  stem  vessels  of  the  body  are  evolved.  These  later-formed 
vessels  are  the  two  internal  jugular  veins  and  the  upjjer  part  of  the  inferior  vena  cava,  whilst 
from  the  latter  of  these  portions  of  the  renal  veins,  the  suprarenal  veins  and  the  spermatic 
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or  ovarian  veins  are  possibly  developed  as  offsets  ;  moreover,  it  must  not  be  forgotten  that  tlie 
veins  of  the  extremities  are,  like  the  extremities  themselves,  seeondarj'  sti'uctures,  and  that  they 
are  developed  at  a  later  period  than  the  veins  of  the  trunk,  with  which,  however,  they  ultimately 
communicate. 

In  the  light  of  these  facts  the  morphology  of  the  chief  \-eins  of  the  trunk  and  limbs  may 
now  1)6  considered. 

The  external  jugular  vein  is  obviously  a  portion  of  an  intersegmental  anastomosis,  for  it  is  part 
of  the  jnimitive  jugular  vein,  which  originally  extended  from  the  internal  occipital  protuberance 
to  the  post-condyloid  foramen,  and  thence  to  the  duct  of  Cuvier.  During  the  course  of  develop- 
ment the  intracranial  part  of  the  primitive  jugular,  on  each  side,  is  converted  into  the  horizontal 
portion  of  the  lateral  sinus  and  the  occasionally  persistent  squamo-petrosal  sinus  ;  outside  the 
cranium  the  trunk  of  the  temjDoro-maxillary  vein,  the  whole  of  the  external  jugular  vein,  and 
that  portion  of  the  subclavian  vein  which  intervenes  between  the  external  and  internal  jugular 
veins,  are  formed  from  the  primitive  jugular.  On  the  right  side  the  right  innominate  vein 
and  the  ujiper  part  of  the  superior  vena  cava  are  also  formed  from  the  primitive  jugular  vein, 
whilst  on  the  left  side  the  lower  portion  of  the  vessel  becomes  the  upper  part  of  the  left  superior 
intercostal  vein. 

After  tlie  formation  of  the  limbs  the  primitive  jugular  receives  the  pre-axial  and  post-axial 
veins  of  the  fore-limb  of  the  same  side,  which  jjass  respectively  along  the'  radial  and  ulnar 
borders  of  the  limb ;  both  join  the  primitive  jugular  vein,  the  former  above  and  the  latter 
below  the  clavicle.  Subsequently,  however,  the  pre-axial  vein  of  the  fore-limb  loses  its  connexion 
with  the  i)rimitive  jugular  vein,  and  opens  below  the  clavicle  into  the  jjost-axial  vein,  and  the 
ujjjJer  j)a,vt  of  that  vessel  becomes  tlie  outer  part  of  the  subclavian  vein,  i.e.  that  portion  of  the  sub- 
clavian vein  which  extends  from  the  outer  border  of  the  first  rib  to  the  entrance  of  the  external 
jugular  vein,  the  remainder  of  the  subclavian  being  formed  by  the  portion  of  the  primitive 
jugular  vein  which  intervenes  between  the  entrance  of  the  pre-axial  vein  and  the  junction  with 
the  internal  jugular  vein. 

The  internal  jugular  vein  is  a  newly  formed  anastomosing  vessel  which  commences  from  the 
primitive  jugular  vein  at  the  root  of  the  neck  and  grows  uj^ wards  to  the  base  of  the  skull, 
where  it  passes  through  the  jugular  foramen,  and  ascends  along  the  inner  surface  of  the  mastoid 
portion  of  the  temporal  bone  to  join  the  lateral  sinus,  of  which  it  becomes  the  sigmoid  portion. 
It  probably  represents  a  dorsal  splanchnic  intersegmental  venous  anastomosis. 

The  innominate  vein  of  the  left  side  is  an  enlarged  transverse  anastomosis  between  the  two 
primitive  jugular  veins,  and  the  corresponding  vessel  on  the  right  side  is  the  portion  of  the 
right  primitive  jugular  vein  which  lies  between  the  origin  of  the  right  internal  jugular  vein  and 
the  transverse  anastomosis  between  the  two  primitive  jugular  veins. 

The  superior  vena  cava  is  also  formed  from  the  primitive  longitudinal  anastomosis  on  the 
right  side  ;  the  upper  portion,  which  lies  above  the  entrance  of  the  azygos  vein,  being  the  lower 
part  of  the  right  primitive  jugular  vein,  and  the  lower  portion,  which  is  enclosed  within  the  peri- 
cardium, is  the  persistent  right  duct  of  Cuvier. 

The  only  other  vein  formed  from  the  jugular  portion  of  the  dorsal  longitudinal  anastomosis 
is  the  upper  part  of  the  left  superior  intercostal  vein,  which  represents  the  part  of  the  left 
primitive  jugular  vein  lying  below  the  transverse  anastomosis  which  becomes  the  left  innomi- 
nate vein  ;  occasionally  this  part  of  the  left  primitive  jugular  vein  becomes  enlarged,  and  forms 
a  vertical  left  innominate  vein  which  terminates  in  a  left  sujjerior  vena  cava,  the  latter  being 
formed  from  the  left  duct  of  Cuvier.  This  arrangement  is  the  regular  and  normal  condition  in 
many  mammals. 

The  internal  iliac  veins,  the  right  common  iliac  vein,  the  lower  part  of  the  inferior  vena 
cava,  the  vena  azygos  major,  and  the  vertical  portions  of  the  upper  and  lower  left  azygos  veins, 
and  part  of  the  left  superior  intercostal  vein,  are  all  parts  of  the  prijnitive  cardinal  veins.  They 
represent,  therefore,  portions  of  the  dorsal  longitudinal  intersegmental  anastomoses. 

The  internal  iliac  veins  are  the  persistent  lower  sections  of  the  cardinal  vein.s,  and  their 
visceral  and  parietal  tributaries  probably  represent  more  or  less  modified  sjilanchnic  and  somatic 
segmental  veins. 

The  left  common  iliac  vein  may,  in  the  lower  part  of  its  extent,  represent  the  part  of  the  left 
cardinal  vein  immediately  above  the  junction  of  the  pre-axial  hind-limb  vein  with  the  latter 
vessel,  but  the  greater  part  of  it  is  an  enlarged  transverse  anastomosis  between  the  cardinal  veins 
at  the  level  of  tlie  jjelvic  brim.  The  right  common  iliac  vein,  on  the  other  hand,  is  the  jjortion 
of  the  right  cardinal  vein  which  lies  between  the  entrance  of  the  limb  vein  and  the  transverse- 
anastomosis  which  becomes  the  left  common  iliac  vein.  The  inferior  vena  cava,  from  its  com- 
mencement to  the  entrance  of  the  renal  veins,  is  a  jjortion  of  the  right  cardinal  vein,  and  the 
right  lumbar  veins  which  terminate  in  it  are  the  somatic  segmental  veins  of  the  right  side  of  the 
lumbar  region  ;  whilst  the  left  lumbar  tributaries  are  the  left  lumbar  segmental  veins,  which  havff 
been  transmitted  across  the  middle  line  by  transverse  anastomosing  channels  which  connected 
the  lumbar  sections  of  the  cardinal  veins  together. 

The  upper  part  of  the  inferior  vena  cava  is  a  new  anastomosing  channel  formed  between  the 
upper  end  of  the  right  hepatic  vein  and  the  right  cardinal  vein.  This  section  of  the  inferior 
vena  cava  grows  downwards  from  the  right  hepatic  vein. 

The  right  and  left  renal  veins  originally  terminated  in  the  corresponding  cai'dinal  veins, 
and  are  therefore  probably  intermediate  visceral  segmental  veins,  but  that  part  of  the  left  renal 
vein  which  crosses  the  middle  line  is  either  an  enlarged  transverse  anastomosis  between  the 
cardinal  veins,  or  an  outgrowth  from  the  lower  end  of  the  upper  part  of  the  inferior  vena  cava  ; 
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apparently  the  latter,  for  as  the  upper  section  of  the  inferior  vena  cava  grows  downwards  from 
the  right  hepatic  vein  it  divides  into  two  branches,  right  and  left,  each  of  which  joins  the 
corresponding  cardinal  vein  close  to  the  termination  of  the  renal  vein.  Before  it  fuses  with  the 
cardinal  vein  of  its  own  side,  each  of  the  terminal  branches  of  the  uj^joer  section  of  the  inferior 
vena  cava  gives  off  branches  which  ultimately  become  the  sujirarenal  and  spermatic  veins  ;  there 
can  be  no  doubt,  howe^•er,  that  both  the  suprarenal  and  spermatic  veins  are  intermediate  visceral 
segmental  veins,  and  in  all  probability  they  originall}'  terminated  in  the  corresponding  cardinal 
veins,  their  development  from  the  U2:>per  section  of  the  inferior  vena  cava  being  due  to  the 
])roduction  in  the  embryo  of  a  condition  which  has  been  secondarily  acquired  during  the 
development  of  the  species.  If  this  is  the  case,  it  is  extremely  probable  that  the  left  spermatic 
vehi  represents  not  only  an  elongated  intermediate  visceral  segmental  vein,  but  also  a  portion  of 
the  left  cardinal  into  which  it  opened. 

The  vena  azygos  major  is  the  persistent  upper  portion  of  the  left  cardinal  vein,  a  fact 
which  is  emphasised  by  its  frequent  connexion  with  the  inferior  vena  cava  at  the  level  of  the 
right  renal  vein.  The  right  intercostal  veins  which  open  into  the  vena  azygos  major  are  somatic 
segmental  veins,  the  upper  three  or  four  of  which  have  united  together  by  pre-costal  anastomoses 
to  form  a  right  superior  intercostal  vein. 

The  vertical  portions  of  the  left  azygos  veins  are  remnants  of  the  left  primitive  cardinal 
vein,  and  their  transverse  j)ortions  are  enlarged  transverse  anastomoses  comjiarable  to  the  left 
innominate  and  left  common  iliac  veins.  The  left,  like  the  right  intercostal  veins,  are  segmental 
somatic  veins ;  but  whilst  the  right  superior  intercostal  vein  is  formed  by  jire-costal  anastomoses 
between  the  upper  three  or  four  dorsal  somatic  segmental  veins,  the  left  suj^erior  intercostal  vein 
(Fig.  606)  represents  the  upper  part  of  the  left  cardinal  vein  and  the  part  of  the  left  primitive 
jugular  vein  below  the  transverse  anastomosis,  which  becomes  the  left  innominate  vein  ; 
moreover,  the  left  superior  intercostal  vein  frequently  retains  in  the  adult  a  connexion  with  the 
oblique  vein  of  Marshall,  which  represents  the  left  duct  of  Cuvier,  by  means  of  which  both  the 
left  primitive  jugular  and  the  left  cardinal  veins  originally  communicated  with  the  heart. 

Visceral  Veins. — The  portal  vein  rej^resents  portions  of  tlie  ventral  longitudinal  anastomosing 
vessels,  being  derived  from  the  vitelline  veins. 

The  pyloric  vein  is  a  splanchnic  intersegmental  ventral  longitudinal  anastomosing  vein.  The 
coronary  vein  is  partly  a  ventral  and  partly  a  dorsal  splanchnic  intersegmental  longitudinal 
anastomosis,  and  the  superior  and  inferior  mesenteric  veins  are  dorsal  splanchnic  longitudinal 
intersegmental  venous  anastomoses,  the  s^jlenic  vein  being  merely  a  tributary  from  a  lymphoid 
organ  developed  in  the  dorsal  mesentery. 

The  facial  vein  is  a  combination  of  somatic  and  splanchnic  veins  of  several  segments,  and  the 
internal  maxillary  vein  is  probably  of  similar  nature.  The  thyroid  and  bronchial  veins  return 
blood  from  organs  developed  from  diverticula  from  the  Myalls  of  the  alimentary  canal ;  they  are, 
therefore,  more  or  less  modified  segmental  splanchnic  veins  ;  so  also  apparently  are  the  vesical  and 
the  middle  and  inferior  htemorrhoidal  veins. 

The  cardiac  veins  are  simply  "vasa  vasorum,"  and  they  belong  therefore  to  the  splanchnic 
group  of  vessels,  but  it  is  impossible  to  say  whether  they  are  segmental  or  intersegmental.  The 
coronary  sinus  into  which  they  open  is  a  portion  of  the  sinus  venosus  of  the  heart,  and  therefore 
of  an  originally  intersegmental  vessel. 

The  hepatic  and  pulmonary  veins  are  new  vessels  which  return  blood  to  the  heart  after  the 
liver  and  lungs  have  been  interposed  in  the  vascular  system. 

It  is  noteworthy  that  some  j^arts  of  the  splanchnic  venous  system,  i.e.  the  j^ortal  vein  and  the 
coronary  sinus,  are  portions  of  the  most  primitive  vascular  system,  and  that  others,  i.e.  the 
thyroid,  bronchial,  mesenteric,  vesical,  and  hsemorrhoidal  veins,  appear  to  belong  to  a  somewhat 
secondary  group  of  splanchnic  veins  of  combined  segmental  and  intersegmental  character  ;  more- 
over, some  of  the  secondary  group  of  veins  open  into  the  primary  splanclmic  veins,  e.g.  the 
superior  and  inferior  mesenteric  into  the  portal  vein ;  some  open  into  the  dorsal  longitudinal 
anastomosing  veins,  e.g.  the  vesical  and  hEeniorrhoidal  veins  open  into  the  cardinal  veins,  which 
are  intersegmental  anastomoses ;  others  again  open  into  an  entirely  new  vein,  viz.  the  internal 
jugular,  which  is  developed  along  the  dorso-lateral  border  of  the  fore-gut,  and  which  is  therefore 
comparable  to  the  dorsal  venous  splanchnic  intersegmental  anastomosis,  which  in  the  abdominal 
region  becomes  converted,  after  fusion  of  the  vessels  of  opposite  sides,  into  the  greater  parts  of  the 
superior  and  inferior  mesenteric  veins ;  the  latter,  however,  open  into  a  ventral  longitudinal 
anastomosing  vessel,  the  portal  vein,  whilst  the  former  joins  a  dorsal  longitudinal  anastomosing 
trunk. 

Veins  of  the  Limbs.— The  veins  of  the  limbs,  like  the  arteries,  were  probably  at  one  time 
segmental  in  character,  but  we  have  no  absolute  proof  that  this  was  the  case.  Looked  at  from 
an  embryological  standpoint,  the  most  primitive  limb  veins  are  a  superficial  distal  arch  and 
ar post-axial  trunk  vein  in  each  extremity ;  at  a  later  period  digital  veins  are  connected  with  the 
distal  arch,  and  a  pre-axial  trunk  is  formed.  In  the  upj^er  extremity  the  distal  arch  and  its 
tributaries  remain  as  the  dorsal  venous  arch  and  the  digital  veins,  and  the  post-axial  vein  becomes 
the  posterior  ulnar,  the  basilic  and  axillary  veins,  and  also  that  part  of  the  subclavian  vein  which 
lies  external  to  the  termination  of  the  external  jugular  vein,  the  remainder  of  the  subclavian 
vein  being  formed  from  the  primitive  jugular  vein  itself.  The  pre-axial  vein  of  the  upper 
extremity  is  represented  in  the  adult  by  the  radial  and  cephalic  veins  ;  the  latter  vessel  originally 
terminated  in  the  external  j  ugular  vein  above  the  clavicle,  the  union  with  the  axillary  portion  of 
the  post-axial  vessel  being  a  secondary  condition  ;  the  primary  condition  is,  however,  frequently 
retained  in  man,  and  is  constant  in  many  monkeys.    The  anastomosis  between  the  pre-axial 
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and  post-axial  veins  in  the  region  of  the  elbow,  and  tlie  connexion  of  the  anastomosing 
channels,  is  brought  about  by  newly-formed  vessels  of  secondary  character. 

The  distal  arch  in  the  lower  extremity  and  the  tributaries  connected  M'ith  it  remain  in  the 
adult  as  the  dorsal  venous  arcli  of  the  foot  and  the  digital  veins.  The  post-axial  vein  becomes 
the  external  sajihenous  vein,  which  was  originally  continued  upwards  as  the  sciatic  vein  to  the 
internal  iliac  jjortion  of  the  cardinal  vein  ;  its  connexion  with  the  jjopliteal  vein,  and  its  more 
occasional  connexion  with  the  internal  saphenous  vein,  Ijeing  brought  about  by  the  formation  of 
secondary  anastomoses. 

The  pre-axial  vein  of  the  lower  limb  becomes  the  long  saphenous  vein,  which  is  continued 
upwards  to  the  cardinal  portion  of  the  left  common  iliac  vein  as  the  ujjper  jmrt  of  the  femoral 
and  the  external  iliac  veins. 

The  venae  comites  of  the  arteries  in  both  the  upper  and  lower  extremities  are  secondarily 
developed  vessels  which  become  connected  with  the  upper  portions  of  the  pre-axial  venous 
trunks. 


ABNORMALITIES  OR  VARIATIONS  OF  THE  VASCULAR 

SYSTEM. 

Abnormalities  are  of  special  interest  to  tlie  anatomist  because  of  their  morphological  signih- 
cance,  and  tlie  vascular  system  is,  perhaps  more  than  any  other,  rich  in  such  abnormalities,  many 
of  which  are  of  great  practical  imj^ortance. 

With  the  exception  of  those  irregularities  which  are  directly  due  to  the  effect  of  morbid 
conditions  and  external  influences,  all  abnormalities  are  the  result  of  modifications  of  normal 
developmental  processes.  The  exceptions  referred  to  are,  however,  very  numerous ;  thus  disease 
and  external  influences  may  lead  to  the  obliteration  of  vessels,  a  condition  M'hich  is  invariably 
associated  with  the  enlargement  of  collateral  vessels,  and  it  will  be  obvious  that  abnormalities 
so  produced  may  occur  in  almost  any  situation. 

Abnormalities  which  are  determined  by,  or  are  dependent  ui^on,  modifications  of  the  usual 
developmental  processes  are  of  greater  interest.  In  the  human  subject  they  are  generally 
due  either  to  the  retention  of  conditions  which  normally  are  only  transitory,  or  to  the  acquire- 
ment of  conditions  which,  though  not  as  a  rule  present  at  any  time  in  man,  occur  normally  in 
other  animals. 

There  are  in  addition  other  variations  from  the  normal,  such  as  the  division  of  the  axillary 
artery  into  radial  and  ulnar  branches  ;  the  higher  or  lower  division  of  the  brachial  artery  ;  the 
formation  of  "  vasa  aberrantia,"  e.g.  of  long  slender  vessels  connecting  the  axillary  or  brachial  to 
the  radial,  ulnar,  or  interosseous  arteries  ;  the  altered  position  of  certain  vessels,  as  e.g.  the  trans- 
ference of  the  subclavian  artery  to  the  front  of  the  scalenus  anticus,  or  of  the  ulnar  arteiy  to  the 
front  of  the  superficial  flexor  muscles ;  all  of  which,  though  undoubtedly  due  to  alterations  of 
ordinary  develoijmeutal  processes,  still  do  not  represent  conditions  met  witli,  either  temijorarily 
or  permanently,  in  man  or  in  other  animals.  Their  occurrence  cannot  at  present  be  adequately 
explained,  and  their  retention  is  entirely  dependent  upon  their  utilitj^ 

To  the  first  and  last  of  tliese  difi'erent  groujDS  of  abnormalities  it  is  not  necessary  to  refer 
further,  whilst  with  regard  to  the  rest  it  will  be  sufiicient  to  indicate  those  of  greatest 
importance.  They  can  only,  however,  be  fully  understood  and  exjilained  on  the  basis  of  a 
comprehensive  knowledge  of  the  development  and  morphology  of  the  vascular  system,  to  the 
chapters  on  which  the  reader  is  referred. 

ABNOEMALITIES  OF  THE  HEAKT. 

The  heart  may  be  transposed  from  the  left  to  the  right  side  of  the  body,  a  condition  \\'luch 
is  usually  associated  with  general  transposition  of  the  viscera,  and  with  the  jjresence  of  a  riglit 
instead  of  a  left  a(jrtic  arch. 

Tlie  external  form  of  the  heart  does  not  as  a  rule  vary  much,  but  occasionally  the  apex  is 
slightly  bifid,  a  character  it  normally  possesses  at  an  early  stage  of  its  development,  and  which  is 
retained  in  the  adult  in  many  cetaceans  and  sirenians.  The  internal  conformation  of  the  heart 
deviates  from  tlie  normal  much  more  frequently  ;  luore  particularly  is  this  the  case  witli  regard 
to  the  septa  which  sejjarate  the  right  from  tlie  left  chambers.  The  interauricular  sejitum  may 
be  entirely  absent,  as  in  fishes  ;  it  may  be  fenestrated  and  incomplete,  as  in  some  amphibians  ;  or 
the  foramen  ovale  may  remain  patent,  as  in  ami^hibians  and  reptiles. 

The  interventricular  septum  may  be  absent,  as  in  fishes  and  amj^hibians,  or  incomplete,  as  in 
reptiles  ;  when  incomplete,  it  is  usually  the  "pars  membranacea  septi"  which  is  deficient. 

ABNOEMALITIES  OF  AETEKIES. 

The  pulmonary  artery  and  tlie  aorta  may  arise  by  a  common  stem,  as  in  fishes,  and  some 
amphibians,  and  the  common  stem  may  s])ring  either  from  the  right  or  the  left  ventricle,  or  from 
both.  In  these  cases  the  aortic  bulb  has  remained  undivided,  and  the  normal  position  of  the 
interventricular  septum  in  relation  to  the  lower  orifice  of  the  aortic  bulb  has  been  altered. 


ABNOKMALITIES  OF  AETEEIES. 
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Again,  owing  to  malposition  of  the  aortic  septum,  the  pulmonaiy  artery  may  spring  from  the 
left  ventricle  and  the  aorta  from  the  right  ventricle.  In  some  cases  tlie  root  of  the  pulmonary 
artery  is  obliterated,  and  the  blood  passes  to  the  lungs  along  the  patent  ductus  arteriosus. 

Occasionally  the  arch  of  the  aorta  is  on  the  right  side  instead  of  the  left,  a  condition  which  is 
normal  in  birds.  More  rarely  there  are  two  permanent  aortic  arches,  right  and  left,  as  in  reptiles  ; 
the  oesoiiliagus  and  trachea  in  these  cases  are  enclosed  in  a  vasciilar  collar,  the  two  arches  unite 
dorsally,  and  the  Ijeginning  of  the  descending  aorta  is  double.  Quite  independent  of  this  condi- 
tion, however,  the  two  primitive  dorsal  aortte  sometimes  fail,  either  altogether  or  partially,  to 
unite  together,  and  the  descending  aorta  is  accordingly  represented,  to  a  corresponding  extent,  by 
.  two  tubes.  A  more  common,  though  still  rare,  form  of  double  aorta  is  that  due  to  the  persistence, 
in  whole  or  in  part,  of  the  septum  formed  by  tlie  fused  walls  of  the  primitive  dorsal  aortpe 
from  which  the  descending  aorta  is  developed. 

The  length  of  the  descending  aorta  is  determined  largely  hy  the  extent  to  Avhich  fusion  of  the 
two  primitive  aortse  takes  place.  Accordingly,  when  this  deviates  from  the  normal,  the  termi- 
nation of  the  descending  aorta  is  at  a  correspondingly  higher  or  lower  level  than  usual,  and 
resulting  from  this  the  lengths  of  the  common  iliac  arteries  are  almost  invariably  proportionately 
modified.  The  bifurcation  ^  of  the  aorta  may  be  as  low  as  the  fifth  lumbar  vertebra,  less 
frequently  it  is  higher  than  usual ;  it  is  rare,  however,  to  find  it  higher  than  the  third  or  second 
lumbar  vertebra. 

The  aorta,  instead  of  bifurcating  into  two  common  iliac  arteries,  may  terminate  in  a  common 
iliac  artery  on  one  side  and  an  internal  iliac  artery  on  the  opposite  side,  the  external  iliac  artery 
on  the  irregular  side  arising,  at  a  higher  level,  as  a  branch  of  the  aortic  stem.  This  arrangement 
approaches  the  condition  met  with  in  carnivores  and  many  other  mammals,  in  which  the  aorta 
Ijifurcates  into  two  internal  iliac  arteries,  the  external  iliacs  arising  from  the  aorta  at  a  higher 
level  as  lateral  .branches  ;  it  is  due  either  to  a  more  extensive  fusion  than  usual  of  the  primitive 
dorsal  aortte,  or  to  the  origin  of  the  external  iliac  arteries  from  the  primitive  dorsal  aortfe  being 
at  a  higher  level  than  is  ordinarily  the  case  ;  if  the  condition  is  due  to  the  latter  cause,  it  may 
be  that  the  external  iliac  arteries  in  carnivores,  and  the  external  iliac  arteries  which  occasionally 
rise  from  the  aorta  in  man,  are  somatic  segmental  arteries  of  a  higher  segment  than  tlie  normal 
external  iliac  arteries  of  the  human  subject. 


The  Branches  of  the  Aokta. 

The  coronary  or  cardiac  arteries  may  arise  by  a  single  stem.  When  arising  separately 
both  may  sjiring  from  the  same  sinus  of  Valsalva  ;  or  again,  their  interventricular  and  transverse 
branches  may  all  arise  as  distinct  vessels  from  a  single  sinus  of  Valsalva.  This  variability  is  not  so 
remarkable,  seeing  tliat  the  arteries  in  question  are  merely  enlarged  "  vasa  vasorum  "  raised  to  a 
position  of  special  imj^ortance  by  the  development  of  the  heart. 

The  branches  of  the  arch  of  the  aorta  are  sometimes  increased  and  sometimes  decreased  in 
number. 

The  highest  number  recorded  is  six,  viz.  right  subclavian,  right  vertebral,  right  common 
carotid,  left  common  carotid,  left  vertebral,  and  left  subclavian.  Apparently  this  condition  is  the 
result  of  the  absorption  of  the  innominate  artery  and  of  the  roots  of  the  subclavian  arteries,  to 
points  beyond  the  origins  of  the  vertebrals,  into  the  arch.  By  variations  of  this  process  of 
absorption  other  combinations  may  be  produced ;  thus,  instead  of  the  roots  of  the  subclavian 
arteries  being  absorbed,  the  right  common  carotid  and  innominate  arteries  may  alone  be  absorbed, 
in  which  case  the  five  following  branches  spring  separately  from  the  arch  of  the  aorta :  right 
subclavian,  right  external  carotid,  right  internal  carotid,  left  common  carotid,  and  left 
subclavian.  The  trunk  most  commonly  absorbed  is  the  initial  part  of  the  left  subclavian ;  the 
number  of  branches  then  arising  from  the  arch  of  the  aorta  is  four,  the  additional  vessel 
being  the  left  vertebral,  which  arises  between  the  left  common  carotid  and  the  left  subclavian. 
Occasionally  the  usual  three  branches  from  the  arch  are  increased  to  four  by  the  formation  of  a 
new  vessel,  the  "  thyroidea  ima."  This  may  be  j^laced  between  the  innominate  and  left  carotid 
trunks,  in  which  case  it  represents  a  persistent  ventral  visceral  branch  from  the  ventral  root  of  the 
fourth  left  aortic  arch  ;  in  other  cases  the  thyroidea  ima  springs  from  the  innominate  artery  and 
represents  a  ventral  visceral  branch  of  the  ventral  root  of  the  fourth  right  arch.  Very  rarely 
the  right  vertebral  artery  arises  separately,  and  forms  a  fourth  branch  of  the  arch  of  the  aorta, 
the  rest  of  the  branches  being  normal.  This  condition  cannot  be  accounted  for  by  any  modifica- 
tion of  the  ordinary  developmental  processes.  It  may  possibly  be  due  to  the  persistence  of  an 
irregular  or  unimportant  anastomosis  between  the  ventral  root  of  an  aortic  arch  and  the  seventh 
somatic  segmental  artery. 

Decrease  in  the  number  of  branches  from  the  arch  of  the  aorta  is  most  frequently  due  to 
fusion  of  the  ventral  roots  of  the  fourth  aortic  arches,  the  result  Ijeing  that  a  stem  is  formed 
common  to  the  right  subclavian  and -the  right  and  left  common  carotid  arteries;  whilst  the 
left  subclavian,  arising  separately,  is  the  only  other  branch  which  springs  from  the  arch  of 
the  aorta. 

If  the  fusion  of  the  ventral  roots  proceeds  further  and  includes  those  of  the  thii'd  arches,  the 
result  as  regards  the  branches  given  ott'  from  the  arch  of  the  aorta  is  the  same,  viz.  there  is  a  com- 
mon stem  for  the  right  subclavian  and  both  carotids,  and  a  separate  left  subclavian  trunk  ;  but 

'  It  is  to  be  observed  that  the  exact  point  of  bifurcation  of  the  aorta,  in  relation  to  the  vertebral 
column,  is  not  entirely  determined  by  the  length  of  the  descending  aorta. 
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Iho  cominou  stem  now  "^ivcs  till'  tla-  I'ight  siil)u]aviaii  ailury,  and  l-ln-u  coutinues  as  a  single  vessel 
for  some  distance  before  it  divides  into  tlie  two  common  carotids,  of  wliicli  the  left  ci'osses  in 
front  of  the  trachea.  Tliis  an-angement  is  conuuun  in  many  iinadruniana  and  in  some  other 
mammals. 

It  is  only  very  occasionally  when  the  nnndier  of  l)ranches  from  tlie  arch  of  the  aorta  is 
reduced  to  two,  that  these  consist  of  a  right  subclavian  artery  and  of  a  single  stem  common  to 
the  two  carotids  and  the  left  subclavian  arteries.  In  such  cases,  however,  the  right  common 
carotid  crosses  in  front  of  the  trachea,  and  tlie  variation  is  one  of  jjractical  importance.  It  does 
not  ajipear  to  exist  as  a  normal  condition  in  any  mammal.  Probably  it  is  due  to  fusion  of  the 
ventral  roots  of  the  fourth  aortic  arclies,  witli  absorption  of  the  left  fourtli  arch  and  the  left  sul)- 
clavian  into  the  stem  so  formed,  whilst  tlu'  I'ight  subclavian  is  relatively  disjilaced.  The  two 
common  carotids  may  arise  by  a  common  stem,  and  the  left  subclavian  arise  separately  from 
the  arch  of  the  aorta,  whilst  tlie  right  subclavian  springs  from  tlie  descending  aorta.  This 
arrangement  jirobably  results  from  t])e  disappearance  of  the  foui'th  right  arch  and  the  fu.sion  of 
the  ventral  roots  of  the  fourth  arches  of  op2>osite  sides. 

Sometimes  two  innominate  arteries,  right  and  left,  replace,  the  three  usual  branches  of  the 
arch  of  the  aorta.  This  is  the  normal  arrangement  in  bats,  moles,  and  liedgehogs.  It  is 
ol>viously  the  result  of  tlie  disapijearance  of  that  portion  of  the  arch  which  intervenes  between 
the  left  carotid  and  left  suljclavian  arteries,  and  the  consequent  fusion  of  these  two  vessels. 

In  a  similar  way  may  be  explained  the  rarer  condition  in  which  the  three  ordinary 
branches  of  the  arch  arise  l)y  one  single  stem,  which  divides  into  right  and  left  innominate 
arteries.    In  most  ruminants,  in  the  hor.se  and  in  the  tapir,  this  arrangement  is  constant. 

It  will  ])('.  evident  tliat  other  comljinations  and  modifications  may  l)e  met  witli  in  the  liranclies 
of  the  arch  of  tlie  aorta  as  the  result  of  fusions  and  absorption. 

The  bronchial  arteries  ol)viously  correspond  to  splanchnic  segmental  arteries  and  their 
continuations  to  divi-rticula  from  the  walls  of  the  gut,  tlierefore  the  usual  origin  of  the 
right  broncliial  artery  from  the  fir.st  right  aortic  intercostal  artery  must  result  from  the 
])ersistence  of  an  anastomosis  between  a  splanchnic  segmental  artery  and  the  first  jjart  of  a 
somatic  segmental  artery;  the  origin  of  the  right  from  the  uiijier  left  bronchial  artery,  which 
sometimes  occurs,  is  due  to  the  fusion  of  the  roots  of  two  sjilauclinic  segmental  arteries.  The 
occasional  origin  of  a  Ijroiichial  ve.ssel  from  an  internal  mammary  artery  can  only  result  from 
the  persistence  and  enlargement  of  au  anastomosis  between  a  splanchnic  segmental  artery  and 
the  ventral  branch  of  a  somatic  segmental  artery.  The  origin  of  a  bronchial  branch  from  a 
subclavian  artery  may  have  the  same  or  a  different  significance  on  ojiposite  sides  of  the  body. 
A  Ijronchial  artery  arising  from  the  left  subclavian  artery  corresponds  with  the  origin  of  tlu; 
liglit  Ijronchial  artery  from  the  first  aortic  intercostal  artery  ;  it  is  due  to  the  persistence  of  an 
anastomosis  between  a  s])lanc]inic  -segmental  artery  and  the  root  of  a  somatic  segmental  artery, 
and  the  origin  of  a  Ijroiicliial  artery  from  a  right  subclavian  artery  may  be  due  to  a  similar  cause. 
It  may,  on  the  otlier  hand,  be  due  to  the  enlargeuieiit  of  an  anastomosis  between  a  splanchnic 
branch  of  the  descending  aorta  and  a  sj)lanchnic  branch  of  the  fourth  right  aortic  arch.  When, 
as  occasionally  happens,  the  bronchial  artery  arises  from  the  inferior  tl^'roid,  it  is  due  to  tlie 
persistence  and  enlargement  of  an  anastomosis  between  splanchnic  arteries.  -. 

Intercostal  Arteries. — Variations  of  the  intercostal  arteries  are  not 'very  common,  but 
they  ai-e  significant  and  interesting.  Corresponding  vessels  of  opposite  sides  may  arise  from  a 
common  stem  wliich  has  been  formed  l)y  the  fusion  of  the  roots  of  two  somatic  segmental  arteries 
after  or  .simultaneously  with  the  fusion  of  the  primit  ive  dorsal  aort;e.  The  number  of  intercostal 
arteries  may  be  reduced,  one  artery  sujiplying  two  or  more  intercostal  sjiaces  ;  in  these  cases  the 
roots  of  origin  of  some  of  the  somatic  .segmental  arteries  in  the  dorsal  region  have  disappeared, 
and  the  precostal  anastomoses  lietween  their  ventral  branches  have  persisted. 

Occasionally  tlie  number  of  the  aortic  intercostal  arteries  is  increased,  an  additional  artery 
being  given  to  the  second  intercostal  space,  which  is  usually  supplied  l)y  tlie  superior  iiiterco.stal 
artery  ;  this  is  brought  aljout  by  the  persistence  of  the  root  of  tlie  tenth  somatic  .segmental  artery 
and  the  disapi)earance  of  the  precostal  anastomosis  between  the  ventral  branches  of  the  ninth  and 
tenth  somatic  segmental  arteries.  Very  rarely  the  first  aortic  intercostal  artery  sends  a  liranch 
upwards  between  the  necks  of  the  ribs  and  the  transverse  in-ocesses  of  the  upper  dorsal  region  ; 
this  branch  supplies  the  upper  intercostal  s])aces,  the  superior  intercostal  artery  being  small  or 
alisent,  and  it  terminates  by  liecoming  the  jirofunda  cervicis  artery.  It  is  due  to  the  jiersi.stence 
of  the  jjostcostal  anastomoses  in  tlie  upper  dor.sal  region,  and  is  a  rejietition  of  a  condition  regularly 
present  in  some  carnivores. 

There  ai'e  no  very  inijiortant  \'ariations  of  tlie  oesophageal,  i)ericardial,  and  mediastinal 
arteries. 

Lumbar  Arteries. — Variations  of  the  lumbar  arteries  are  very  similar  to  those  of  the 
intercostal  arteries,  and  they  are  due  to  similar  causes.  The  lumbar  arteries  of  opjjosite  sides 
may  ari.se  by  common  stems  from  the  back  of  the  aorta;  and  the  last  pair  of  lumbar  arteries 
may  .arise  in  common  with  the  middle  .sacral  artery.  Further,  a  lumbar  artery  may  have  its 
area  of  distribut  ion  increased  to  the  adjacent  segment. 

The  inferior  phrenic  arteries  are  very  variable ;  they  may  arise  by  a  common  trunk  either 
from  the  cccliac  axis  or  from  the  aorta  ;  they  may  arise  sejiarately  either  from  tlie  aorta  or  from 
the  cooliac  axis,  and  more  commonly  fi-oni  the  latter  vessel;  or  again,  one  may  spring  from  the 
aorta  or  cadiac  axis,  and  tlie  otlier  from  the  coronary,  renal,  or  even  from  the  superior  mesenteric 
artery. 

The  middle  sacral  artery  usually  springs  from  the  back  of  the  aorta  above  its  1)1  furcation  ; 
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il.  may  Ix;  coiisi(k-ral>lv  above,  or  iiidi'c  i-ircly  il  may  t-piiug  diivctly  from  the  bifurcation.  Not 
infrequently  it  arises  from  the  last  lumbar  artery  or  from  a  stem  common  to  the  two  last 
lumbar  arteries,  and  occasionallj'  it  arises  li'diii  a  common  or  internal  iliac  artery.  Some- 
times it  apparently  gives  off  the  last  ])air  of  luml)ar  arteries,  and  very  occasionally  an  accessory, 
renal,  or  a  liajniorrhoidal  branch  arises  fj'om  it.  Tlie  vessel  is  not  always  present,  it  may  be 
doulile,  entirely  or  in  part,  and  it  may  l.)ifurcate  at  its  termination. 

The  renal  arteries  frequently  deviate  fi'om  tin-  noi'mal  ariangement.  The  arteries  of 
opposite  sides  may  spring  from  a  common  stem,  or  theiv  may  br  two  or  more  renal  arteries  on 
one  or  both  sides.  The  accessory  arteries  are  more  commou  on  the  left  than  on  the  right  side, 
and  an  accessory  artery  rising  above  the  ordinary  vessel  is  more  common  than  one  rising 
below  it. 

Accessory  renal  arteries  may  be  derived  not  only  from  the  aorta,  but  also  from  the  common 
or  internal  iliac  arteries  ;  they  have  also  been  described  as  arising  from  the  inferior  phrenic, 
spermatic,  luml)ar,  or  middle  sacral  arteries,  and  even  from  the  external  iliac  artery.  As  tin- 
kidney  is  developed  iu  the  region  of  the  first  sacral  vertebra,  and  aftei'wards  ascends  to  its  perma- 
nent jiosition,  it  is  not  surprising  that  it  (iccasionally  receives  arteries  from  tlie  main  stem  of 
more  than  one  of  the  segments  of  the  body  through  which  it  has  jiassed,  and  it  is  usually  found 
that  the  lower  the  2)osition  of  the  kidney  in  the  abdomen  the  more  likely  it  is  to  receive  its 
arteries  from  the  lower  part  of  tlie  aorta  or  from  the  common  iliac  arteries.  The  accessory  renal 
arteries  which  spring  fn>m  the  inferior  jdirenic,  the  spermatic,  and  luudjar  arteries  can  onh^  be 
the  result  of  the  persistcnci'  and  enlargement  of  anastomosing  channels  between  the  renal  and 
either  another  intermediate  \'isceral,  or  a  somatic  artery. 

The  spermatic  or  ovarian  arteries  may  lie  double  on  one  or  both  sides  ;  the  arteries  of  ojipo- 
site  sides  may  spring  fvoin  a  common  trunk,  or  they  nuxy  lise  from  the  renal  or  sujirarenal 
arteries.  Tlie  right  artery  may  i)ass  behind  instead  of  in  front  of  the  inferior  vena  cava.  The 
spermatic  and  'o\'arian  arteries  arise  from  the  upper  lum))ar  portion  of  the  aorta,  because  the 
testicles  and  ovaries  are  developed  in  and  obtain  their  arterial  supply  in  that  region,  and  the 
vessels  are  elongated  as  the  testicles  and  ovaries  descend  to  their  permanent  jiositions.  The 
occurrence  of  two  spermatic  arteries  on  one  side  is  pr(il)alilv  an  indication  that  the  testicle  was 
(levelo])ed  in  at  least  two  segments  of  the  liody,  and  the  origin  of  a  s])ermatic  artery  from  a  renal 
or  suprarenal  aitery  is  due  to  the  ol)literation  of  tlie  root  of  the  original  vessel  and  the  enlarge- 
ment of  an  anastomosis  lietween  the  intermediate  visceral  arteries  of  adjacent  segments. 

The  coeliac  axis  niay  be  al)seiit,  its  lirauclies  arising  separately  from  the  aorta  or  from  some 
other  source.  Sometimes  it  gi\'es  oH'  only  two  branches,  usually  the  coronary  and  sjdeuic,  and 
occasionally  it  gives  Idur  )ii-anches,  the  additional  liranch  l)eing  either  a  second  coronary  artery 
or  a  separate  gastro-ducxh'ua]  artery. 

The  hepatic  artery  may  s])riiig  directly  from  the  aorta  or  from  the  superior  mesenteric 
artery,  and  the  left  hepatic  artery  o(-casionally  arises  from  the  coronary  artery.  Accessory  hepatic 
arteries  are  not  uncommon,  and  they  originate  either  from  the  coronary,  sujjerior  mesenteric,  renal, 
or  inferior  mesenteric  artery. 

The  coronary  artery  is  occasionally  doulile  ;  it  may  spring  directly  from  the  aorta,  and  it 
may  give  off  the  left  hejiatic  or  an  accessory  hepatic  artery. 

Tlie  splenic  artery  may  arise  from  the  middle  colic,  from  the  left  Iiepatic,  or  from  tlie 
inferior  mesenteric  artery. 

The  superior  mesenteric  artery  may  lie  double,  and  it  may  sujiply  tlie  whole  of  the 
alimentaiy  canal  from  the  second  jiart  of  the  duodenum  to  the  end  of  the  rectum,  the  inferior 
mesenteric  artery  being  absent.  In  addition  to  its  ordinary  branches  it  may  give  off  a  hejjatic, 
a  sjilenic,  a  pancreatic,  a  gastric,  a  gastro-ejiiploic  or  a  gastro-duodenal  branch.  Very  rarely 
it  gives  off  an  oniplialo-iiiesenteric  liranch,  which  passes  to  the  region  of  the  unilnlicus  and 
becomes  connected  with  capillary  vessels  in  the  falciform  ligament  of  the  liver. 

The  inferior  mesenteric  artery  may  give  hepatic,  renal,  or  middle  colic  branches  ;  occasion- 
ally it  is  absent,  being  replaced  liy  lirauclies  of  the  superior  mesenteric,  and  sometimes,  as  in 
ruminants  and  some  rodents,  its  left  colic  lirancli  does  not  anastomose  witli  the  middle 
colic  artery. 

All  these  variations  of  the  unpaired  A'isceral  branches  of  the  abdominal  aorta  are  merely  due 
to  modifications  of  the  usual  ju'ocesses  l)y  which  these  v  essels  are  developed. 

The  origin  of  the  branches  which  usually  rise  from  the  cojliac  axis,  from  the  trunk  of  the 
aorta  is  the  result  of  the  I'eteiition  of  a  greater  number  of  the  sj^ilanchnic  segmental  arteries 
than  usual.  A  double  superior  mesenteric  artery  results  from  the  jiersistence  of  botli  the  right 
and  left  splanchnic  vessels  from  which  the  superior  mesenteric  artery  is  formed,  these  remaining 
separate  instead  of  fusing  together.  All  the  other  variations  are  the  results  of  the  obliteration 
of  the  usual  channels,  combined  with  the  enlargement  of  anastomoses  which  exi.st  both 
between  the  splanchnic  arteries  of  adjacent  segments  and  the  splanchnic  and  intermediate 
A'isceral  arteries. 

The  Arteries  of  the  Head  and  Neck. 

Innominate  Artery. — From  Avhat  has  already  been  said  with  reference  to  the  Ijranchea 
of  the  arch  of  the  a(jrta,  it  will  be  seen  that  the  innominate  artery  may  be  absent.  On  the  other 
hand  there  may  be  two  innominate  arteries,  a  right  and  a  left,  each  ending  in  corresponding 
common  carotid  and  subclavian  trunks,  and  the  two  vessels  may  themselves  arise  by  a  common 
stem. 
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The  branches  given  off  by  the  innominate  artery  may  be  increased  iu  number,  or  the  innomi- 
nate may  only  A-ary  from  tlie  normal  as  regards  length.  As  a  consequence  of  such  modifications 
in  lengtli,  the  origins  of  the  right  common  carotid  and  right  subclavian  arteries  may  be  situated 
at  a  higher  or  lower  level  than  usual,  whilst,  in  the  absence  of  the  innominate  artery,  l)oth  these 
Ijranches  may  arise  directly  from  the  aorta. 

Common  Carotid  Arteries. — When  tlie  right  common  carotid  artery  arises  sejaarately  from 
the  arch  of  the  aorta,  it  may  be  the  first,  or  much  more  rarely  the  second  branch.  In  the 
former  case  the  fourth  right  aortic  arch  has  been  obliterated,  and  the  right  subclavian  artery 
springs  from  the  descending  aorta  ;  in  the  latter  case  either  the  innominate  stem  has  been 
absorbed  into  the  arch  of  the  aorta,  or  the  ventral  root  of  the  fourth  right  aortic  arch  has  fused 
with  ])art  of  an  elongated  fourth  left  arch. 

Whether  arising  as  the  first  or  second  branch,  the  origin  may  be  to  the  left  of  the  mesial  plane, 
and  the  trunk  may  pass  in  front  of  the  trachea,  or  behind  the  oesophagus,  before  it  ascends  in  the 
neck. 

The  left  common  carotid  artery  varies  as  regards  its  origin  much  more  frequently  tlian  the 
right  vessel ;  not  uncommonly,  and  ajiparently  because  of  t  he  fusion  of  the  ventral  roots  of  the 
fourth  aortic  arches,  it  arises  from  a  stem  common  to  it  and  to  the  right  common  carotid  and 
right  suljclavian  arteries. 

Both  coiumon  carotids  may  vary  as  regards  their  termination.  They  may  divide  at  a  liigher 
or  lower  level  than  usual,  tlie  former  more  commonly  than  the  latter  ;  whilst  in  a  few  excejitional 
cases  the  couimon  carotid  does  not  divide,  but  is  continued  directly  into  the  internal  carotid,  and 
from  tills  the  branches  usiurlly  given  off  by  the  external  carotid  are  derived. 

This  arrangement  is  probably  due  to  obliteration  of  the  ventral  roots  of  the  first  and  second 
aortic  arches,  the  arches  persisting  and  being  divided  into  tlu'  branches  which  generally  arise 
from  their  ventral  extremities. 

Usually  the  common  carotids  give  oft'  no  branches,  but  not  infrequently  one  or  more  of  tlie 
Ijranches  of  the  external  carotids  arise  from  them. 

The  external  carotid  artery  may  be  alisent,  or  it  may,  in  rare  cases,  arise  directly  from  the 
arch  of  the  aorta.  The  number  of  its  branches  may  be  diminished  either  by  fusion  of  their  roots 
or  Ijy  transference  to  the  internal  or  common  carotid  arteries.  On  the  other  hand,  the  number  of 
its  branches  may  ))e  increased  ;  thus  the  sterno-mastoid  artery,  the  hyoid  branch  usually  given  oft' 
by  the  superior  thyroid  artery,  or  the  ascending  jjalatine  branch  of  the  facial,  may  arise  from  it. 
Sometimes  the  branches  may  arise  in  the  usual  way,  but  may  deviate  from  the  course  generally 
taken ;  more  particularly  is  this  the  case  M'ith  the  internal  maxillary  artery,  which  may  pass 
either  between  the  heads  or  entirely  external  or  internal  to  both  heads  of  the  external 
pterygoid  muscle. 

The  internal  carotid  artery  is  rarely  absent.  Occasionally  it  springs  from  the  arch  of  the 
aorta,  and  in  its  course  tlirough  the  neck  it  may  vary  somewhat  in  length  and  in  tortuosity.  One 
or  more  of  the  branches  usually  derived  from  the  external  carotid  artery  may  arise  from  it,  and  it 
sometimes  gives  oft"  a  large  meningeal  branch  to  the  posterior  fossa  of  the  skull.  Its  jjosterior 
communicating  branch  may  rejjlace  the  posterior  cerebral  artery  ;_on  the  other  hand,  the  upper 
jMirt  of  the  internal  carotid  may  be  absent,  and  the  posterior  coiiimunicating  artery  may  become 
the  middle  cerebral  artery.  The  anterior  cerebral  branch  of  the  internal  carotid  may  be  absent, 
or  rather  it  may  arise  from  the  corresf)onding  artery  of  the  ojiposite  side  ;  or  there  may  he  three 
anterior  cerelsral  arteries,  the  third  arising  from  the  anterior  communicating  artery  wliicli  connects 
the  two  anterior  cerebrals  together.  The  ophthalmic  artery,  as  it  traverses  the  orbit,  may  pass 
either  over  or  under  the  ojitic  nerve.  It  is  occasionally  replaced  hy  a  branch  of  the  middle 
meningeal  arterj-. 

The  vertebral  artery  may  have  a  double  origin — one  from  the  subclavian,  and  one  from  the 
infiu'ior  thyroid  artery  or  from  the  aorta. 

The  right  vertebral  may  arise  from  the  common  carotid  or  from  the  arch  of  the  aorta. 
Occasionally  it  springs  from  the  descending  aorta,  an  arrangement  associated  witli  the  j^ersistence 
of  the  dor.sal  roots  of  the  fourth  and  fifth  right  arches. 

The  left  vertebral  artery  not  infrequently  springs  from  the  arch  of  the  aorta,  arising  between 
the  left  common  carotid  and  left  subclavian  ai-teries  ;  this  is  evidently  due  to  the  absorption  of 
the  stem  of  the  seventh  segmental  artery  into  the  aortic  arch.  Very  exceptionally  the  left 
vertebral  is  a  branch  of  an  intercostal  artery. 

In  its  course  upwards  either  verteljral  artery  may  enter  the  \'ertebrarterial  foramen  of  any  of 
the  lower  six  cervical  vertebra. 

The  cases  in  which  it  does  not  enter  one  of  the  lowest  of  these  are  ajjparently  associated  with 
its  formation  in  part  from  the  precostal  instead  of  from  the  j)ostcostal  anastomosing  channels. 

The  artery  may  enter  the  spinal  canal  with  the  second  in.stead  of  with  the  first  cervical  nerve, 
or,  after  leaving  the  foramen  in  the  transverse  process  of  the  third  vertebra,  it  may  divide  into 
two  branches,  one  of  which  accomjianies  the  second  and  the  other  the  first  cervical  nerve  ;  the  two 
branches  unite  together  again  in  the  spinal  canal  to  form  a  single  trunk. 

Sometimes,  though  rarely,  it  gives  oft'  superior  intercostal  and  inferior  thyroid  branches.  The 
iqiper  end  of  one  of  the  A-ertebrals  is  sometimes  very  small,  or  it  may  be  entirely  wanting ;  in 
th(^  latter  case  the  basilar  artery  is  formed  by  the  direct  continuation  of  the  opposite  A'ertebral. 

The  basilar  artery  may  be  double  in  j^art  or  the  whole  of  its  extent,  or  its  cavity  may  be 
divided  by  a  more  or  less  com2)lete  septum.  It  may  terminate  in  one  instead  of  two  posterior 
cerebral  arteries,  the  missing  vessel  being  supplied  by  the  enlargement  of  the  posterior  com- 
municating branch  of  the  internal  carotid. 
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The  Arteries  of  the  Upper  Limb. 

Subclavian  Arteries. — The  variations,  so  far  as  regards  tlie  origins  of  the  subclavian 
arteries,  have  already  been  mentioned  (p.  897).  Other  interesting  nioditications  are  met  with  in 
respect  of  its  position  and  branches. 

The  suljclavian  artery  may  rise  as  high  as  one  or  even  one-and-a-half  inches  above  the 
clavicle,  though  as  a  rule  it  does  not  reach  higher  than  three-quarters  of  an  inch  above  that 
bone.  On  the  other  hand,  it  may  not  rise  even  to  the  level  of  the  upper  border  of  the  clavicle. 
These  differences  appear  to  be  associated  with  the  descent  of  the  clavicle  and  sternum,  which 
occurs  as  age  increases. 

The  artery  may  pass  in  front  of  or  through  the  scalenus  anticus  instead  of  behind  it,  or 
the  vein  may  accompany  it  behind  the  muscle. 

The  branches  of  the  subclavian  artery  may  be  modified  with  reference  to  their  points  of  origin  ; 
thus  those  of  tlie  first  part  may  be  further  in  or  out  than  usual,  the  suprascapular  or  some  other 
Ijranch  of  the  thyroid  axis  may  arise  separately  from  the  third  part  of  the  artery,  and  not 
uncommonly  the  jjosterior  scapular  artery  is  a  branch  of  this  part.  The  abnormalities  of  the 
vertebral  Ijranch  have  already  lieen  described  ;  those  of  the  thyroid  axis  and  its  l)ranches  are 
numerous  but  not  important. 

The  internal  mammary  artery,  usually  a  branch  of  the  first  j^art  of  the  sidjclavian,  is  very 
variable  as  regards  its  origin.  It  may  arise  from  the  second  or  third  parts,  or  from  the  thyroid 
axis,  or  it  may  spring  from  the  aorta,  or  from  the  innominate  or  axillary  arteries.  All  these 
variations  are  due  to  oljliteration  of  the  normal  origin  and  the  opening  up  of  anastomoses. 
The  internal  mammary  artery  sometinres  descends  in  front  of  the  cartilages  of  one  or  more  of 
the  lower  true  ribs,  and  occasionally  it  gives  off  a  large  lateral  branch  (a.  mammaria  lateralis) 
which  descends  on  the  inner  side  of  the  chest  wall  nearly  in  the  mid-axillary  line,  a  point  of 
importance  in  paracentesis. 

A  few  cases  have  also  been  noticed  in  which  a  bronchial  artery  has  arisen  from  the  internal 
mammary. 

The  superior  intercostal  branch  of  the  subclavian  may  be  aljsent.  In  any  case  its  deejj 
cervical  branch  may  rise  directly  from  the  subclavian  trunk.  The  superior  intercostal  is  some- 
times formed  from  a  postcostal  instead  of  a  precostal  primitive  channel,  and  in  this,  case  it  passes 
between  the  necks  of  the  ribs  and  the  transverse  processes  of  the  vertebras  instead  of,  as  usual,  in 
front  of  the  necks  of  the  ribs. 

The  axillary  artery  does  not  vary  much  as  regards  its  origin  or  course.  Its  relations  may  be 
modified  by  the  existence  of  a  muscular  or  tendinous  "  axillary  arch,"  which,  passing  from  the 
latissimus  dorsi  to  the  pectoralis  major,  crosses  the  lower  part  of  the  artery  superficially ;  and 
a  further  interesting  modification  is  associated  with  an  anomalous  arrangement  of  its  branches. 
Occasionally  the  sub-scapular,  circumflex,  and  superior  and  inferior  profunda  arteries  arise  from 
the  axillary  l>y  a  common  stem.  In  these  cases  the  chief  branches  of  the  brachial  plexus  are 
grouped  round  the  common  stem  instead  of  round  the  main  trunk,  and  it  is  suggested  that  the 
common  stem  in  question  was  originally  the  trunk  artery  of  the  upper  limh,  the  lower  p)art  of 
which  has  been  obliterated,  the  circulation  being  carried  on  by  a  vas  aberrans  which  anastomoses 
Vielow  either  with  the  Ijrachial  artery  or  with  one  of  the  arteries  of  the  forearm.  It  is  also 
said  that  a  rudiment  of  this  artery  exists  in  a  muscular  branch  which  passes  between  the  heads 
of  the  median  nerve. 

Sometimes  the  axillary  artery  divides  into  the  radial  and  ulnar  arteries,  and  more  rarely  the 
interosseous  artery  may  spring  from  it. 

Obviously  when  the  radial  and  ulnar  arteries  are  formed  by  the  division  of  the  axillary,  there 
is  no  lirachial  artery  ;  its  place  is  taken  by  the  two  abnormal  vessels  which,  as  a  rule,  are 
se])arated  hy  the  median  nerve  as  they  run  through  the  upper  arm.;  the  radial  is  usually  more 
superficial  than  the  ulnar,  and  crosses  outwards  in  front  of  it  at  the  bend  of  the  elbow. 

The  brachial  artery  is  rai'ely  prolonged  beyond  its  usual  point  of  bifurcation,  not  uncommonly, 
however,  it  l)ifurcates  at  a  higher  leveL  Of  the  two  ternanal  branches  of  the  brachial,  one  may 
divide  into  radial  and  interosseous,  the  other  forming  the  ulnar ;  or  one  may  divide  into  radial 
and  ulnar,  whilst  the  other  is  the  interosseous  artery.  Occasionally  the  brachial  artery  ter- 
minates by  di^'iding  into  three  branches — viz.  the  radial,  the  ulnar,  and  the  interosseous.  In 
any  case,  the  branch  which  gives  origin  to  or  becomes  the  interosseous  was  in  all  probability 
the  original  trunk. 

Division  of  the  brachial  artery  at  a  higher  level  than  usual  occurs  most  commonly  in  the 
upper  third  of  the  arm,  and  least  commonly  in  the  lower  third  ;  the  resulting  trunks  are  often 
united  near  the  bend  of  the  elbow  by  a  more  or  less  oblique  anastomosis. 

In  cases  of  high  division  of  the  brachial  artery  the  radial  branch  may  pierce  the  deep  fascia 
of  the  arm  near  the  bend  of  the  elbow,  and  descend  in  the  forearm  immediately  beneath  the 
skin ;  in  other  cases  the  radial  runs  deeper,  and  passes  behind  the  tendon  of  the  biceps.  The 
ulnar  Ijranch  sometimes  runs,  on  the  internal  intermuscular  septum,  towards  the  inner  condyle, 
and  then  outwards  towards  the  middle  of  the  bend  of  the  elbow  under  a  l^and  of  fascia,  from 
which  the  upper  fibres  of  the  pronator  teres  arise,  or  round  the  supracondylar  process  of  the 
humerus  if  it  is  present.  More  commonly  the  ulnar  branch  descends  towards  the  inner  condyle, 
and  crosses  sujDerficial  to  the  flexor  muscles  or  Ijeneath  the  palmaris  longus  ;  and  in  a  few  cases  it 
is  subcutaneous.  Very  occasionally  the  ulnar  artery  accompanies  the  ulnar  nerve  behind  the 
inner  condyle  ;  in  these  cases  it  has  obviously  been  formed  by  enlargement  of  the  ordinary 
inferior  profunda  and  posterior  ulnar  recurrent  arteries. 
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Instead  of  following  its  usual  course  along  tlie  bracliialis  anticus,  the  braeliial  artery  may 
accompany  the  median  nerve  beliind  a  sujjracondylar  or  epicondylic  process,  or  ligament,  as  in 
many  carnivores ;  it  may  pass  in  iront  of  tlie  median  nerve  instead  of  behind  it.  It  may  give 
off  a  "  vas  aberrans  "  or  a  median  artery,  and  any  of  its  ordinary  branches  may  be  absent. 

The  vas  aberrans  given  off  from  the  braeliial  artery  usuallj'  ends  in  the  radial  artery,  some- 
times in  the  radial  recurrent,  and  rarely  in  the  ulnar  artery. 

The  ulnar  artery  may  be  absent,  being  replaced  by  the  "  comes  nervi  mediani "  or  the  inter- 
osseous artery,  and  it  may  terminate  in  the  deep  instead  of  in  the  superficial  palmar  arch.  It 
rarely  rises  at  a  lower  level  than  usual,  and  when  it  rises  at  a  higher  level  it  most  commonly 
passes  superficial  to  the  muscles  which  spring  from  the  internal  epicondyle.  Moreover,  in  these 
cases  it  fretpumtly  has  no  interosseous  branch,  tlie  latter  vessel  springing  from  the  radial  artery, 
and  in  all  probahilit}'  variations  of  this  description  are  produced  by  the  ulnar  artery  taking 
origin  from  the  main  trunk,  which  is  represented  by  the  radio-interosseous  vessel,  at  a  higher 
level  than  usual.  Even  when  it  commences  in  the  usual  way  the  ulnar  artery  may  pass  super- 
ficial to  the  muscles  from  the  internal  ejiicondyle,  and  in  these  cases  its  interosseous  and  recurrent 
branches  sj^ring  from  the  radial  artery. 

The  anterior  and  posterior  interosseous  arteries  may  arise  separately  from  the  ulnar  instead  of 
by  a  common  interosseous  trunk.  The  recurrent  Ijranches  of  the  ulnar  may  spring  from  the 
interosseous,  and  the  interosseous  itself  may  l)e  a  branch  of  the  radial. 

The  small  median  artery,  the  conqianion  artery  of  the  median  nerve,  usually  a  branch  of  the 
anterior  interosseous,  may  spring  from  the  axillary,  brachial,  or  ulnar  arteries ;  it  may  be  mucli 
larger  than  usual,  and  terminate  either  by  breaking  up  into  digital  Ijranches,  or  by  joining  one 
or  more  digital  branches  of  the  sujierficial  jjalmar  arch  or  the  palmar  arch  itself. 

The  radial  artery  may  lie  absent,  its  place  being  taken  l)y  Viranches  of  the  ulnar  or  inter- 
osseous arteries  ;  it  may  arise  from  the  axillary,  or,  higher  than  usual,  from  the  brachial.  It  may 
terminate  in  muscular  branches  in  the  front  of  the  forearm,  or  in  the  superficialis  volae,  or  in 
carjial  branches  ;  the  lower  portion  of  the  artery,  in  these  cases,  is  usually  rej)laced  by  brandies 
of  the  ulnar  or  interosseous  arteries.  Occasionally  the  radial  divides  some  distance  above  the 
wrist  into  two  terminal  branches,  one  of  M'hich  gives  off  the  carpal  branches,  and  becomes  the 
su])erficialis  voire,  whilst  the  other  crosses  sujjerficial  to  the  extensor  tendons  and  passes  to  the 
Ijack  of  the  wrist. 

The  radial  artery  may  run  a  superficial  course,  or,  and  especially  when  it  commences  at  a 
lower  level  tlian  usual,  it  may  pass  beneath  the  pronator  radii  teres  and  the  radial  origin  of  tlie 
flexor  sublimis  digitorum.  In  some  cases  it  passes  to  the  back  of  the  wrist  across  the  supinator 
longiis,  and  in  otliers  it  lies  iqmn,  instead  of  beneath,  the  extensm'  tendons  of  the  thumb. 

Its  branches  may  be  diminished  or  increased  in  numljer.  The  radial  recurrent  may  spring 
i'rom  the  l^racliial  or  ulnar  arteries,  or  may  be  represented  by  several  l)ranches  from  the  upjier 
part  of  the  radial.  The  dorsalis  indicis  may  be  large,  and  may  rei^ftcejlie  prince])s  iiollicis  and  the 
radialis  indicis.  On  the  contrary,  the  dorsal  cardial  artery  aM  dorsal  digital  l)ranclies  of  the 
radial  may  l^e  small,  or  the  former  may  be  replaced  by  branches  of  the  interosseous  arteries,  and 
the  latter  by  tlie  sujierior  perforating  branches  of  the  deep  palmar  arch. 

The  princeps  pollicis  and  radialis  indicis  arteries  may  be  absent,  their  places  being  taken 
either  by  branches  df  the  superficial  palmar  arch  or  by  the  dorsalis  indicis  artery 

The  superficial  palmar  arch  is  sometimes  absent;  its  branches  are  then  given  off  from  tlie 
deep  arch.  Conversely,  it  may  be  larger  than  normal,  and  it  may  l)e  completed  on  the  ulnar  side 
by  the  radialis  indicis,  the  princeps  pollicis,  or  tlie  comes  nervi  mediani  arteries. 

The  deep  palmar  arch  is  much  more  rarely  absent  than  the  superficial  arcli.  AVlien  absent 
its  branches  are  su])})lied  liy  the  supei-ficial  arch,  the  superior  perforating  arteries,  or  the  palmar 
carpal  arch. 

The  Iliac  Arteries  and  their  Branches. 

The  common  iliac  artery  may  be  longer  or  shorter  than  usual,  a  iiajdification  which  is 
largely  though  not  altogether  determined  by  the  jioint  at  which  the  Ijifurcation  of  the  aorta  takes 
place.  If  exceptionally  long,  it  is  usually  tortuous.  In  rare  cases  in  man  the  artery  is  absent.  It 
occasionally  gives  off'  the  middle  or  a  lateral  sacral  artery,  and  ilio-lumljar,  spermatic,  or 
accessory  renal  l)raiiches  may  arise  from  it. 

The  internal  iliac  artery  varies  as  regards  length.  It  is  usually  longer,  and  rises  at  a  higher 
level  when  the  common  iliac  is  short.  In  rare  cases  it  has  been  found  to  arise  from  the  aorta 
without  the  intervention  of  a  common  iliac.  Frequently  it  does  not,  even  in  appearance,  end  in 
anterior  and  posterior  divisions,  but  obviously  forms  a  single  trunk,  as  in  the  fcctiis,  from  which 
the  several  branches  are  given  oft'. 

The  visceral  branches  vary  much  in  number  and  size,  and  the  middle  luemorrlioidal  may  not 
be  present,  its  place  being  taken  by  liraiiclies  from  the  vesical  arteries.  A  renal  branch  soiiu'- 
linies  arises  from  the  internal  iliac. 

The  i]io-liiml)ar  branch  may  rise  from  the  common  instead  of  from  the  iiileriial  iliac;  tlie 
gluteal  and  sciatic  may  rise  by  a  common  stem,  or  the  gluteal  may  be  absent,  and  its  place  taken 
by  a  branch  from  the  femoral  artery  ;  the  sciat  ic  artery  may,  as  in  the  foetus,  constitute  the  main 
artery  of  the  hind  limb,  and  run  down  to  liecome  continuous  witli  t  he  jiopliteal  artery.  Probably 
the  "comes  nervi  ischiadici"  represents  the  original  continuity  of  these  two  vessels.  Occasionally 
the  lateral  sacral  arteries  do  not  arise  fr(nii  the  internal  iliac  trunks. 

In  some  few  instances  the  obturator  artery  arises  from  the  dee])  epigast  ric  artery  instead  ol 
from  tlie  infernal  iliac.     The  condition  is  ai)parently  due  to  obliteration  of  the  usual  origin  of 
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l-lie  obturator  artery  and  to  tlie  subsequent  enlargement  of  the  anastomosing  pu))ic  branches  of 
the  obturator  and  deej)  epigastric  arteries.  The  course  of  the  abnormal  obturator  artery  is  of 
importance.  From  its  origin  it  descends  into  the  pelvis  on  the  inner  side  of  the  external  iliac 
vein,  and  in  the  majority  of  cases  on  the  outer  side  of  the  crural  ring,  but  in  three-tenths  of  the 
eases,  and  more  frequently  in  males  than  in  females,  it  descends  on  the  inner  side  of  the  ring. 

The  obturator  artery  sometimes  gives  off  an  accessory  pudic  branch  which  passes  along  the  side 
of  the  prostate,  2)ierces  the  triangular  ligament,  and  terminates  by  dividing  into  the  artery  of  the 
corpus  cavernosum  and  the  dorsal  artery  of  the  penis.  When  this  occurs  the  pudic  artery  is 
small,  and  it  terminates  in  the  artery  to  the  bulb.  Occasionally  the  accessory  pudic  arises  from  the 
pudic  artery  in  the  pelvis,  or  from  one  of  the  vesical  arteries. 

The  external  iliac  artery  may  be  inucli  smaller  than  usual,  especially  if  the  sciatic  artery 
persists  as  the  main  vessel  of  the  lower  limb.  It  may  give  off  two  deep  circumflex  iliac  branches, 
a  dorsal  artery  of  the  penis,  an  internal  circumflex  artery  of  the  thigh,  or  a  vas  aberrans,  and  its 
deep  circumflex  iliac  and  deep  epigastric  branches  may  arise  at  higher  or  lower  levels  than  usual. 

The  Arteries  of  the  Lower  Limb. 

The  femoral  artery  is  small,  and  ends  in  the  profunda  and  circumflex  branches,  when  the 
sciatic  artery  forms  the  principal  vessel  of  the  lower  liml).  The  jirofunda  branch,  which  usually 
rises  from  the  outer  side  of  tlie  femoral  trunk,  about  one-and-a-lialf  inches  ))elow  Poupart's  liga- 
ment, niay  commence  at  a  higher  or  a  lower  level,  and  from  the  back  or  the  inner  side  of  the 
femoral  trunk.  Absence  of  the  profunda  has  been  noted,  and  in  these  cases  the  branches 
usually  given  oft' by  it  sj^ring  directly  from  the  femoral  artery. 

The  femoral  artery  may  be  double  for  a  jjortion  of  its  extent,  or  it  may  be  joined  by  a  vas 
aberrans  given  off  from  the  external  iliac  artery.  In  addition  to  its  ordinary  Ijranches,  it  may 
furnish  one  or  both  of  the  circumflex  arteries  of  the  thigh,  and  sometimes  it  gives  off,  near  the 
origin  of  the  profunda,  a  great  saphenous  artery,  such  as  exists  normally  in  many  mammals. 
This  vessel  descends  through  Scarjia's  triangle  and  Hunter's  canal,  and  accompanies  the  internal 
saphenous  nerve  to  the  inner  side  of  the  foot. 

The  deep  circumflex  iliac,  the  obturator,  and  the  deep  epigastric  arteries  are  occasionally 
gi^-en  off  from  the  femoiul. 

The  popliteal  artery  may  exceptionally  form  the  direct  continuation  of  the  sciatic  artery.  It 
sometimes  divides  at  a  higher  or  lower  level  than  usual,  and  the  division  may  be  into  either  two  or 
three  branches  ;  if  three  terminal  branches  are  present,  they  are  the  anterior  and  posterior  tibial 
and  the  i^eroneal  arteries,  and  if  only  two,  either  the  anterior  and  posterior  tibial,  or  the  anterior 
tibial  and  the  peroneal  arteries. 

Occasionally  the  artery  is  double  for  a  short  portion  of  its  course,  and  it  has  been  found  to 
cross  first  behind  the  inner  head  of  the  gastrocnemius  to  the  inner  side  of  the  knee,  and  then  in 
front  of  the  inner  head  of  the  gastrocnemius  to  regain  the  popliteal  space.  The  number  of  its 
branches  may  be  reduced,  or  they  may  be  increased  by  the  addition  of  a  vas  aberrans  which  con- 
nects it  with  the  posterior  tibial  artery.  Its  superficial  sural  branch  may  enlarge  to  form  a  well- 
marked  small  saphenous  artery. 

The  posterior  tibial  artery  may  be  small  or  altogether  absent,  its  place  being  taken  by 
Ijranches  of  the  peroneal  artery  ;  again,  it  may  be  longer  or  shorter  than  usual,  in  conformity  with 
the  higher  or  lower  division  of  the  popliteal  trunk.  The  peroneal  artery  is  large  if  either  the 
anterior  or  posterior  tibial  arteries  are  small.  The  anterior  terminal  branch  of  the  peroneal  is 
almost  invariably  large  when  the  anterior  tibial  artery  is  small ;  in  some  cases,  indeed,  it  rejdaces 
the  whole  of  the  dorsalis  pedis  continuation  of  the  latter  vessel ;  in  others,  however,  only  the 
tarsal  and  metatai'sal  branches  are  so  replaced.  The  peroneal  sometimes  arises  from  a  stem 
common  to  it  and  the  anterior  tibial  artery. 

The  anterior  tibial  artery  may  be  absent,  its  place  being  taken  by  branches  of  the  posterior 
tibial  and  peroneal  arteries.  It  is  longer  than  normal  when  the  popliteal  artery  divides  at  a 
liigher  level  than  usual,  and  in  these  cases  it  may  pass  either  behind  or  in  front  of  the  popliteus 
muscle.  Occasionally  the  anterior  tibial  artery  and  its  dorsalis  jiedis  continuation  are  lai'ger 
than  normal,  and  the  terminal  part  of  the  dorsalis  pedis  takes  the  place,  more  or  less  completelv, 
of  the  external  jilantar  artery. 

The  internal  plantar  artery  is  sometimes  very  small,  and  it  may  be  absent ;  its  2)lace  is 
taken  hy  branches  of  the  dorsalis  pedis  or  external  plantar  arteries.  The  external  plantar 
artery  also  may  be  small  or  aljsent,  the  plantar  arch  Ijeing  formed  entirely  by  the  dorsalis  pedis. 

ABNOEMALITIES  of  VEINS. 

Abnormalities  or  variations  of  veins  are  as  frequently  met  with  as  those  of  arteries,  and  they 
are  due  to  similar  causes. 

The  Superior  Vena  Cava. 

The  superior  vena  cava  may  develop  on  tke  left  side  instead  of  the  right.  This  peculiariij' 
is  due  to  the  pensistence  of  the  left  duct  of  ( hn-icr  iust('a<l  of  that  on  the  right  side,  and  it  is 
associated  with  absence  of  the  coronary  sinus,  wliicli  is  ii'plaeed  l)y  the  lower  part  of  the  left 
superior  vena  cava.     An  exceptional  case  is  recorded  in  which  llic  opening  of  the  coronary  sinus 
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into  tlie  heart  was  obliterated,  and  the  cardiac  veins  terminated  in  a  trunk  which  passed  upwards 
to  the  left  innominate  vein.  This  trunk  was  obviously  formed  by  enlargement  of  the  left  duct  of 
Ouvier  and  the  lower  part  of  tlie  left  ^jrimitive  jugular  vein.  Not  very  uncommonly,  as  the 
result  of  tlie  persistence  of  both  ducts  of  Cuvier,  there  are  two  superior  venre  cavre,  the  transverse 
anastomosis  which  usually  forms  the  left  innominate  vein  being  small  or  entirely  absent.  In 
these  cases  the  left  innominate  vein  descends  in  the  left  part  of  the  superior  mediastinum,  crosses 
the  aortic  arch,  is  joined  by  the  left  superior  intercostal  vein,  and  becomes  the  left  superior 
vena  cava  ;  this  latter  vessel  descends  in  front  of  the  root  of  the  left  lung,  and  terminates  in  the 
lower  and  back  ])art  of  the  right  auricle.  It  receives  the  great  cardiac  \'ein,  and,  turning  to  the 
Ijack  of  the  heart,  replaces  the  coronary  sinus.  This  arrangement  is  normal  in  many  mammals. 
Occasionally  in  man  the  left  superior  vena  cava  terminates  in  the  left  auricle,  and  the  coronary 
sinus,  which  represents  a  part  of  the  sinus  venosus,  has  been  seen  to  have  a  similar  ending ;  both 
these  abnormal  endings  must  be  tlie  result  of  malposition  of  the  interauricular  septum. 

The  vena  azygos  major  may  lie  formed  on  the  left  side  ;  it  then  arches  over  the  root  of  the 
left  lung,  and  terminates  in  the  left  end  of  the  coronary  sinus.  This  is  the  normal  arrangement 
in  some  mammals,  and  it  is  due  to  the  persistence  of  the  left  cardinal  vein  and  the  left  duct  of 
Cuvier. 

The  azygos  veins  may  be  reduced  or  increased  in  number.  In  the  former  case  there  may  be 
only  one  azygos  vein  which  receives  the  intercostal  veins  of  both  sides,  or  there  niay  be  two 
azygos  veins,  a  right  and  a  left,  tlie  left  usually  being  divided  into  upper  and  loM"er  sections 
whicli  are  connected  by  a  smaller  intermediate  jiortion,  and  united  to  the  right  vein  by  one  or 
more  transverse  anastomoses,  or  it  may  terminate  by  joining  either  the  left  innominate  vein  or 
the  left  superior  vena  cava.  The  small  intermediate  section  on  the  left  side  may  form  a  separate 
vessel,  and  then  the  number  of  the  azj'gos  veins  is  increased  to  four,  each  of  the  three  left  veins 
terminating  in  the  right  vein.  When  there  is  only  one  azygos  vein  the  portion  of  the  left 
cardinal  vein,  from  which,  usually,  the  vertical  portions  of  the  left  azygos  veins  are  formed,  has 
disappeared,  and  the  left  intercostal  veins  open  into  the  right  azygos  vein  by  separate  transverse 
anastomoses,  as  in  the  case  of  the  left  lumbar  veins  and  the  inferior  vena  cava.  On  the  other 
hand,  when  there  is  only  one  left  azygos  vein  the  intermediate  sections  of  tlie  thoracic  part  of  the 
left  cardinal  vein  and  one  or  more  of  the  transverse  anastomoses  have  persisted,  whilst,  when  the 
left  azygos  terminates  in  the  left  innominate  vein,  the  transverse  anastomoses  have  disappeared, 
and  the  lower  part  of  the  left  primitive  jugular  vein  has  remained  patent. 

Occasionally  the  vena  azygos  major  takes  the  place  of  the  upper  jjart  of  the  inferior  vena 
cava,  and  the  whole  of  the  left  cardinal  vein  is  enlarged  ;  in  these  cases  the  upper  portion  of  the 
normal  inferior  vena  cava  is  absent  or  exceptionalh'  small. 

The  internal  jugular  vein  is  sometimes  smaller  or  larger'tlian  normal.  In  either  case  com- 
pensatory changes  in  size  occur  in  the  lateral  sinus  and  internal  jugular  vein  of  the  ojjposite 
side,  or  in  the  external  and  anterior  jugular  veins  of  the  same  side. 

The  external  jugular  vein  is  sometimes  absent,  or  it  may  be  smaller  than  usual ;  in  both 
cases  either  the  anterior  or  internal  jugular  veins  are  enlarged.  In  some  of  the  cases  in  which 
the  external  jugular  vein  is  small  it  receives  no  communication  from  the  teinporo-maxillary 
vein,  but  is  merely  the  continuation  of  the  posterior  auricular  vein.  On  the  other  liand,  it  may 
Ije  enlarged,  and  l  eceive  the  whole  of  the  temjioro-maxillary  vein. 

The  anterior  jugular  vein  may  be  absent,  or  it  may  be  iniusually  large,  especially  in  the 
lower  part  of  its  extent,  and  after  it  has  received  an  occasional  tributary  i'rom  the  common  facial 
vein. 

The  temporo-maxillary  vein  may  terminate  entirely  in  the  common  facial  vein,  or  in  the 
external  or  the  internal  jugular  \-ciii.    It  may  be  very  small,  and  occasionally  it  is  absent. 

Variations  of  the  cranial  blood  sinuses  are  not  numerous.  One  lateral  sinus  may  l)e 
absent  or  very  small  when,  as  a  rule,  that  of  the  opposite  side  is  enlai'ged.  The  inferior  longi- 
tudinal, the  occi])ital,  or  tin-  spheno-jiarietal  sinuses  may  be  absent,  and  there  may  be  an  additional 
petro-squaiiious  tributary  to  the  lateral  sinu.*.  The  petro-squamous  sinus,  when  present,  is  the 
remains  of  that  portion  of  the  primitive  lateral  sinus  ^\•hich  crossed  the  temporal  bone,  passed 
through  the  post -condyloid  foramen  and  terminated  in  the  primitive  jugular  vein.  Very  occasion- 
ally in  the  human  adult  it  still  pierces  the  skull  behind  the  condyle  of  tlie  jaw,  and  terminates 
in  the  temporo-maxillary  vein,  and  this  is  the  normal  arrangement  in  some  mammals. 

The  Veins  of  the  Upper  Extremity. 

The  superficial  veins  of  the  Ibrearm  are  extremely  variable  ;  any  of  them  may  be  absent, 
but  most  commonly  it  is  the  median  or  the  radial  vein  which  is  wanting.  The  median  cejDhalic 
and  the  cejjhalic  veins  may  Ije  small  or  absent,  and  on  the  other  hand  the  cej^halic  vein  may  be 
larger  than  usual.  Moreover  the  cejihalic  vein  may  end  in  the  external  jugular  vein,  its  original 
termination  ;  or  it  may  be  connected  with  the  external  jugular  vein  by  an  anastomosing  channel 
whicli  sometimes  passes  over  the  clavicle  and  sometimes  through  that  bone. 

The  liasilic  vein  is  sometimes  larger  and  sometimes  smaller  than  usual,  and  it  may  pierce  the 
fascia  of  the  arm  at  a  higher  or  at  a  lower  level  than  is  customary. 

The  venae  comites  of  the  arteries  of  the  upjier  extremity  generally  terminate  at  the  lower 
border  of  llie  subscajnilaris,  where  they  join  tlie  axillary  vein,  but  they  may  end  above  or  below 
the  position  of  their  usual  termination. 

The  subclavian  vein  sometimes  passes  behind  instead  of  in  front  of  the  scalenus  anticus 
muscle,  and  it  has  been  seen  passing  between  the  clavicle  and  the  subclavius  muscle. 
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The  Inferior  Vena  Cava. 

Tile  lower  ]jart  of  the  iulerior  vena  cava  is  sometimes  absent,  in  whieli  case  the  common  iliac 
veins  ascend,  one  on  the  right  and  the  other  on  the  left  of  the  aorta,  to  the  level  of  the  second 
lumbar  vertebra,  where  the  left  common  iliac  vein  receives  the  left  renal  vein,  and  then  crosses  in 
front  of  or  liehind  the  aorta  to  fuse  with  the  right  corresponding  vein  ;  in  these  cases,  therefore,  the 
inferior  ^  ena  cava  commences  at  the  level  of  the  second  lumbar  vertebra,  and  it  rejjresents  only 
the  upper  and  last-formed  part  of  the  ordinary  vessel ;  the  common  iliac  veins,  each  of  Avliich 
i'ecei\  es  the  lumbar  veins  of  its  own  side,  are  exceptionally  long,  and  they  may  or  may  not  be 
united  at  the  pelvic  brim  by  a  small  transverse  anastomosing  channel. 

Occasionally  the  inferior  vena  cava  does  not  terminate  in  the  I'ight  auricle,  but  is  continuous 
with  the  vena  azygos  major,  which  is  much  enlarged,  all  the  inferior  caval  blood  being  then 
caii'ied.  to  the  superior  vena  cava.  In  these  cases  the  hejDatic  veins  open  directly  into  the  right 
auricle  without  communicating  with  the  inferior  vena  cava. 

The  lower  part  of  the  inferior  vena  cava  sometimes  lies  to  the  left  instead  of  to  the  right  of 
the  aorta  ;  this  condition  is  associated  with  a  long  right  common  iliac  vein,  which  crosses  oblic|uely 
from  right  to  left  to  join  the  shorter  left  common  iliac  vein.  After  receiving  the  left  renal  vein 
the  misplaced  inferior  vena  cava  crosses  in  front  of  the  aorta,  reaching  the  right  side  at  the  level  of 
the  second  or  iirst  lumbar  vertebra.  In  other  cases,  however,  the  left  inferior  vena  cava  continues 
upwards  through  the  left  cms  of  the  dia^jhragm,  n.surping  the  place  of  a  greater  or  smaller  part 
of  the  left  azygos  vein  ;  having  entered  the  thorax,  it  may  cross  to  the  opposite  side  and  terminate 
in  the  vena  azygos  major,  or  it  nuiy  continue  upwards  on  the  same  side,  and  after  arching  over 
the  root  of  the  left  lung,  descend  behind  the  left  auricle,  to  terminate  in  the  right  auricle  in  the 
situation  of  the  coronary  sinus.  In  this  group  of  cases  also  the  hepatic  veins  open  sejaarately  into 
the  right  auricle. 

The  tributaries  of  the  inferior  vena  cava  are  also  subject  to  variation.  Additional  renal, 
spermatic,  ovarian,  or  suprarenal  veins  may  be  present.  Two  or  three  lumbar  veins  of  one  or 
both  sides  may  unite  into  a  common  trunk  which  terminates  in  the  inferior  vena  cava,  and  the 
hepatic  veins  may  open  separately,  or  after  fusing  into  a  common  trunk,  into  the  right  auricle 
near  the  opening  of  the  inferior  vena  cava. 

No  explanation  of  the  variations  of  the  inferior  vena  cava  and  its  tributaries  is  necessary, 
beyond  the  statement  that  they  are  due  to  persistence  of  jjortions  of  the  cardinal  veins  which 
usually  disajjpear,  and  to  the  persistence  of  transverse  anastomoses  and  tributaries  which  usually 
atrophy,  or  to  modifications  of  those  which  ordinarily  take  part  in  the  formation  of  the 
inferior  vena  caval  systeni. 

The  left  common  iliac  vein  is  short  and  the  right  long  when  the  inferior  vena  cava  lies  on 
the  left  side.  The  common  iliac  veins  may  be  absent,  the  internal  iliac  veins  uniting  to  form  the 
commencement  of  the  inferior  vena  cava,  into  which  the  external  iliac  veins  open  as  lateral 
tributaries. 

The  Veins  of  the  Lower  Extremity. 

The  long  saphenous  vein  is  not  subject  to  much  variation,  but  the  short  saphenous  vein 

may  terminate  by  joining  the  long  saphenous,  or,  after  piei'cing  the  deep  fascia  in  the  lower  part 
of  the  thigh,  it  may  ascend  and  join  the  sciatic  vein  or  one  of  the  tributaries  of  the  profunda 
vein. 

The  venae  comites  are  generally  described  as  terminating  in  the  lower  extremity,  at  the 
lower  part  of  the  popliteal  space,  but  they  may  ascend  as  far  as  Scarpa's  triangle ;  as  a  matter 
of  fact,  although  as  a  rule  there  is  only  one  large  pojDliteal  and  one  large  femoral  vein, 
one  or  more  small  additional  veins  usually  accompany  the  popliteal  and  femoral  arteries. 

In  a  few  cases  the  jjopliteal  vein  does  not  pierce  the  lower  part  of  the  adductor  magnus,  but 
ascends  behind  that  muscle  and  becomes  continuous  with  the  profunda  vein,  the  femoral  artery 
being  unaccompanied  by  any  large  vein  during  its  passage  through  Hunter's  canal. 

ABNOEMALITIES  OE  THE  LYMPHATICS. 

Variations  of  the  glands  and  smaller  vessels  of  the  lymj)hatic  system  are  so  common  that 
the}'  can  hardly  be  regarded  as  abnormalities  ;  variations  of  tlie  larger  vessels,  however,  are  com- 
paratively rare.  This  is  especially  the  case  with  respect  to  the  two  terminal  trunks,  the  thoracic 
duct  and  the  right  lymjohatic  duct,  the  abnormalities  of  which  are  interesting  and  important. 

When  the  arch  of  the  aorta  is  on  the  right  instead  of  on  the  left  side,  the  thoracic  duct 
usually  terminates  in  the  right  innominate  vein,  in  Mdiich  case  it  receives  the  tributaries  which 
usually  open  into  the  right  lymjjhatic  duct,  whilst  the  corresjjonding  area  on  the  left  side  is 
drained  by  lymphatics  terminating  in  a  left  lymphatic  duct  which  ojjens  into  the  commencement 
of  the  left  innominate  vein.  A  similar  arrangement  of  the  terminal  lymphatic  trunks  sometimes 
occurs  even  when  the  arch  of  the  aorta  is  in  its  normal  jjosition  on  the  left  side.  In  either  case 
the  thoracic  duct  may  commence  in  the  usual  way,  and  after  reaching  the  level  of  the  fifth  dorsal 
vertebra  continue  upwards  on  the  right  side,  instead  of  crossing  to  the  left  side,  of  the  vertebral 
column ;  more  rarely  it  commences  on  the  lelt  side  and  crosses  over  to  the  right  at  a  higher  level. 

In  one  case  in  which  the  thoracic  duct  opened  into  the  right  innominate  vein,  instead  of  the 
left,  no  trace  of  a  lymphatic  duct  was  discovered  on  the  left  side. 
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Occasionally  tlie  thoracic  duct  commences  and  terminates  in  tlie  usual  manner,  l>ut  crosses 
the  vertel)ral  column  immediately  after  its  origin  and  ascends  on  the  left  side. 

Not  uncommonly  there  is  no  distinct  receptacnlum  chyli,  in  wliicli  case  the  terminal 
lympliatic  vessels  of  the  abdomen  merely  unite  to  form  a  larger  vessel  which  does  not  present 
any  obvious  dilatation,  and  from  which  the  thoracic  duct  is  continued.  The  terminal  lymphatic 
truidc  may  open  into  the  internal  jugular  vein  previous  to  its  junction  with  the  subc'lavian, 
instead  of  into  the  commencement  of  the  innominate  vein. 

Occasionally  tlie  thoracic  duct  is  doiible,  either  on  the  whole  or  in  part  of  its  extent,  and 
sometimes  it  Ijreaks  up  into  a  plexus  of  vessels  which  may  reunite  into  a  single  trunk  in  the 
upper  part  of  the  thorax.  Both  tlie  thoracic  duct  and  the  right  lymphatic  duct  may  before 
terminating  divide  into  l)i-anches  which,  though  sometimes  reuniting  on  each  side'  into  a  single 
trunk,  not  infrequently  open  separately  into  the  great  veins  at  the  root  of  the  neck. 

As  a  rule  the  thoracic  duct  joins  the  commencement  of  the  left  innominate  vein,  but  it  may 
end  in  the  internal  jugular,  vertebral,  or  subclavian  veins  of  the  left  side  ;  wliilst  very  rarely,  it 
ojiens  into  the  vena  azygos  major.  '  . 
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THE  ORGANS  OF  RESPIRATION  AND  VOICE. 

By  D.  J.  Cunningham. 

The  organs  of  respiration  are  the  larynx  and  trachea,  which  together  constitute  a 
wide  median  air-passage ;  the  two  bronchi  or  branches  into  which  the  lower  end  of 
the  trachea  divides ;  and  the  two  lungs  to  which  the  bronchi  conduct  the  air.  In 
connexion  with  the  lungs  we  have  likewise  to  consider  the  pleural  membranes — 
two  serous  sacs  which  line  the  portions  of  the  thoracic  cavity  which  contain  the 
lungs,  and  at  the  same  time  give  a  thin  coating  to  these  organs. 

The  larynx  opens  above  into  the  lower  part  of  the  pharynx,  and  the  air  which 
passes  in  and  out  from  the  air-passages  likewise  traverses  the  pharynx,  the  nasal 
fossae,  and  also  the  buccal  cavity  if  the  mouth  is  open.  This  connexion  between 
the  digestive  and  respiratory  systems  is  explained  by  the  fact  that  the  respiratory 
apparatus'  is  secondarily  developed  as  an  outgrowth  from  the  front  aspect  of  the 
primitive  fore-gut  of  the  embryo.  In  most  mammals  the  upper  aperture  of  the 
larynx  opens  into  the  part  of  the  pharynx  which  lies  behind  the  nasal  chambers. 
In  man,  however,  the  upper  opening  of  the  larynx  is  placed  lower  down,  below  the 
communication  between  the  mouth  and  pharynx,  and  both  nasal  and  buccal 
breathing  may  be  carried  on  with  very  nearly  equal  ease. 

THE  LAEYNX  OR  ORGAN  OF  VOICE. 

The  larynx  is  the  upper  part  of  the  air-passage,  specially  modified  for  the  pro- 
duction of  the  voice.  Above,  it  opens  into  the  pharynx,  whilst  below,  its  cavity 
becomes  continuous  with  the  lumen  of  the  trachea  or  windpipe. 

Position  and  Relations  of  the  Larynx. — In  the  natural  position  of  the  neck,  and 
whilst  the  organ  is  at  rest,  the  larynx  is  placed  in  front  of  the  bodies  of  the  fourth, 
fifth,  and  sixth  cervical  vertebrse.  Its  highest  point,  represented  by  the  tip  of  the 
epiglottis,  reaches  as  high  as  the  lower  border  of  the  body  of  the  third  cervical 
vertebra,  whilst  its  lower  limit  usually  corresponds  to  the  lower  border  of  the  body 
of  the  sixth  cervical  vertebra.  From  the  vertebral  column  the  larynx  is  separated, 
not  only  by  the  prevertebral  muscles  and  prevertebral  layer  of  cervical  fascia,  but 
also  by  the  posterior  wall  of  the  pharynx — indeed,  the  posterior  surface  of  the 
larynx  forms  the  lower  part  of  the  anterior  wall  of  the  pharynx,  and  is  covered  by 
the  lining  mucous  membrane  of  that  section  of  the  alimentary  canal. 

The  larynx  lies  below  the  hyoid  bone  and  the  tongue,  and  in  the  interval 
between  the  great  vessels  of  the  neck.  It  forms  a  more  or  less  marked  projection 
on  the  front  of  the  neck,  and  in  the  median  line  it  approaches  very  close  to  the  sur- 
"face,  being  merely  covered  by  skin  and  the  two  layers  of  fascia.  Laterally  it  is 
more  deeply  placed.  Thus  it  is  overlapped  by  the  sterno-mastoid  muscle,  covered 
by  the  two  strata  of  thin  ribbon-like  muscles  which  are  attached  to  the  thyroid 
cartilage  and  the  hyoid  bone,  and  hidden  to  some  extent  by  the  upward  prolonga- 
tions of  the  lateral  lobes  of  the  thyroid  body. 

The  position  of  the  larynx  is  influenced  by  movements  of  the  head  and  neck.  Thus  it 
is  elevated  wlien  tlio  head  is  thrown  back,  and  depi'cssed  when  the  chin  is  carried  down- 
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wards  towards  the  chest.  Again,  if  the  finger  is  placed  on  the  larynx  during  deglutition, 
it  will  be  seen  that  the  larynx  moves  to  a  very  considerable  extent.  The  pharyngeal 
muscles  attached  to  it,  and  more  especially  the  stylo-pharyngeal  muscles,  are  chiefly 
responsible  for  bringing  about  these  movements.  During  singing,  changes  in  the  position 
of  the  larjnix  in-dj  also  be  noted,  a  high  note  being  accompanied  by  a  slight  elevation,  and 
a  low  note  by  a  slight  depression  of  the  organ. 

The  position  of  the  larjaix  is  not  the  same  at  all  periods  of  development  and  growtli. 
In  the  fa^tus,  shortly  before  birth,  it  lies  much  higher  up  in  the  neck.  Thus  its  lower 
border  corresponds  to  the  lower  border  of  the  fourth  cervical  vertebra.  Its  permanent 
position  is  not  reached  mitil  the  period  of  puberty  is  attained  (Symington).  This  descent 
of  the  larynx  has  been  stated  to  l)e  due  to  the  rapid  and  striking  growth  of  the  facial  part 
of  the  skull  which  lies  above  it  (Symington).  It  is  very  doubtful,  however,  if  the  facial 
growth  has  any  influence  in  this  direction.  In  the  anthropoid  ape,  in  which  the  face  forms 
a  much  greater  part  of  the  skull  than  in  man,  and  in  which,  in  the  transition  from  the 
infantile  to  the  adidt  condition,  the  facial  growth  is  even  more  striking  than  in  man,  the 
larynx  occupies  a  relatively  higher  position  in  the  neck.  In  the  early  stages  of  growth 
all  the  thoracic  viscera  undergo  a  gradual  subsidence.  The  larynx  in  its  descent  follows 
these.  Indeed  it  cannot  do  otherwise,  seeing  that  the  bifurcation  of  the  trachea 
between  infancy  and  puberty  moves  downwards  more  than  the  depth  of  one  thoracic 
vertebra. 

General  Construction  of  the  Larynx. — The  wall  of  the  larynx  is  constructed 
upon  a  somewhat  complicated  plan.  There  is  a  frame-work  composed  of  several 
cartilages.  These  are  connected  together. at  certain  points  by  distinct  joints  and 
also  by  elastic  membranes.  Two  elastic  cords,  which  stretch  in  an  antero-posterior 
direction  from  the  front  to  the  back  wall  of  iilie  larynx,  form  the  ground-work  of 
the  true  vocal  cords.  Numerous  muscles  are  likewise  present.  These  operate 
upon  the  cartilages  of  the  larynx,  and  therel)y  not  only  bring  about  clianges  in 
the  relative  position  of  the  true  vocal  cords,  but  also  produce  different  degrees  of 
tension  of  these  cords.  The  cavity  of  the  larynx  is  lined  with  mucous  membrane, 
under  which,  in  certain  localities,  are  collected  masses  of  mucous  glands. 


CARTILAGES  OF  THE  LARYNX. 

There  ai'e  three  single  cartilages  and  three  pairs  of  cartilages  entering  into  the 
construction  of  the  laryngeal  wall.    They  are  named  as  follows  : — 

,  niu      •  1  ( Arytenoid. 

Ihyroid.  \         ■    i  i         •  ..i 

,,.    ,        ,.,          n  •    -1  i>  •    1       ^-1        )  Cornicula  laiTugis,  or  tlie 

Smgle  cartilages  <  Cricoid.  i'aired  cartilages-;  C    ,    ■  ■ 

°                         •  1  \     cartilages  oi  Santorini. 

Epiglottis.  /  ,., 

^  -  I,  Cuneiiorm  cartilages. 

Thyroid  Cartilage  (cartilago  thyreoidea). — The  thyroid  cartilage,  the  largest 
of  the  laryngeal  cartilages,  is  formed  of  two  quadrilateral  plates  termed  the  alse, 
which  meet  in  front  at  an  angle,  and  liecome  fused  along  the  mesial  plane.  Behind, 
the  al;ie  diverge  from  each  other,  and  enclose  a  wide  angular  space  which  is  open 
behind.  The  anterior  borders  of  the  alte  are  only  fused  in  their  lower  parts.  Above 
they  are  separated  by  a  deep,  narrow  V-shaped  median  notch,  called  the  incisura 
thyroidea.  In  the  adult  male  the  angle  formed  by  the  meeting  of  the  anterior 
borders  of  tlie  two  ala',  especially  in  its  upper  part,  is  very  projecting,  and  with  the 
margins  of  the  thyroid  notch,  which  lies  above,  constitutes  a  marked  subcutaneous 
prominence  in  the  neck,  which  receives  the  name  of  the  pomum  Adami. 

The  angle  which  is  formed  by  the  iiieetiug  of  the  two  ala;  of  the  thyroid  cartilage  varies  to 
some  extent  in  different  individuals  of  the  same  sex,  and  shows  marked  difl'ereuces  in  the  two 
sexes  and  at  different  j^eriods  of  life.  In  the  adult  male  the  average  angle  is  said  to  be  00° ;  in 
the  adult  female  it  is  120° ;  whilst  in  the  infant  the  al?e  meet  in  the  form  of  a  gentle  curve 
convex  to  the  front. 

The  posterior  border  of  each  ala  of  the  thyroid  cartilage  is  thick  and  rounded, 
and  is  prolonged  beyond  the  superior  and  inferior  borders  in  the  form  of  two  slender 
cylindrical  processes,  termed  coruua.  Tlie  superior  cornu  is  longer  than  the  inferior 
cornu.  It  is  directed  upwards,  with  a  slight  inclination  inwards  and  backwards, 
and  it  ends  in  a  rounded  extremity,  which  is  joined  to  the  tip  of  the  great  cornu  of 
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Fig.  612. — The  Cabtilages  and  Ligaments  of  the 
Larynx  viewed  from  the  Front. 


the  hyoid  boue  by  the  lateral  thyro-hyoid  ligament.  The  inferior  cornu  is  shorter 
and  stouter  than  the  superior  cornu.  As  it  proceeds  downwards  it  curves  slightly 
inwards,  and  upon  the  inner  face  of  Hyoid  bnne  Epiglottis 

its  extremity  it  shows  a  circular  flat 
facet,  by  means  of  which  it  articulates 
with  a  similar  facet  on  the  lateral 
aspect  of  the  cricoid  cartilage.  The 
superior  harder  of  the  ala  is  for  the 
most  part  slightly  convex,  and  in 
front  it  dips  suddenly  down  to  become 
continuous  with  the  mai'gin  of  the 
thyroid  notch.  Posteriorly,  where  it 
joins  the  superior  cornu,  it  exhibits 
a  shallow  notch  or  concavity.  The 
inferior  border  is  to  all  intents  and 
purposes  horizontal,  but  it  is  marked 
off  by  a  projection,  termed  the  inferior 
tubercle,  into  a  short  posterior  part, 
which  shows  a  shallow  concavity  in 
front  of  the  inferior  cornu,  and  a 
longer  part  which  lies  in  front  of  the 
tubercle,  which  is  also  concave,  but  to 
a  less  degree.  The  external  surface 
of  the  ala  is  divided  into  two  unequal 
areas  by  an  oblicLue  line  or  ridge. 
This  line  begins  above  at  the  superior 
tubercle,  a  prominence  situated  im- 
mediately below  the  superior  border,  and  a  short  distance  in  front  of  the  root  of 
the  superior  cornu.  From  this  the  oblique  line  proceeds  downwards  and  forwards, 
to  end  inferiorly  in  the  inferior  tubercle  on  the  lower  border  of  the  ala.  The  area 
which  hes  behind  the  obhque  hne  is  much  smaller  than  that  which  lies  in  front. 

It  is  covered  hj  the  inferior  constrictor  muscle 
of  the  pharynx.  The  larger  anterior  area  is  for 
the  most  part  covered  by  the  thyro-hyoid 
muscle.  To  the  oblique  line  are  attached  the 
sterno-thyroid  and  thyro-hyoid  muscles.  The 
inner  surface  of  the  ala  of  the  thyroid  cartilage 
is  smooth  and  slightly  concave. 

Cricoid  Cartilage  (cartilago  cricoidea). — 
The  cricoid  cartilage  is  shaped  like  a  signet- 
ring.  Behind,  there  is  a  broad,  thick,  and  some- 
what quadrilateral  plate,  termed  the  posterior 
lamina ;  whilst  in  front  and  laterally,  the  cir- 
cumference of  the  ring  is  completed  hj  a  curved 
l)and,  called  the  anterior  arch.  The  lumen  of 
the  ring  enclosed  by  these  parts  is  circular 
below,  but  above,  the  ring  is  compressed  later- 
ally, so  that  the  lumen  becomes  elliptical.  The 
superior  border  of  the  posterior  lamina  presents 
a  faintly-marked  mesial  notch.  On  either  side 
of  this  there  is  an  oval  convex  facet  which 
looks  more  outwards  than  upwards,  and  which 
articulates  with  the  base  of  the  arytenoid 
cartilage.  The  posterior  surface  of  the  lamina 
is  divided  by  an  elevated  median  ridge  into  two 
depressed  areas  which  give  attachment  to  the 
posterior  crico-arytenoid  muscles.  The  front  part  of  the  anterior  arch  of  the  cricoid 
is  in  the  form  of  a  narrow  band,  but  as  it  proceeds  backwards  towards  the  posterior 
lamina  its  superior  border  rises  rapidly,  and  in  consequence  the  ai'ch  becomes  much 
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broader.  The  inferior  hurdcr  of  the  cricoid  iw  uearly  liorizoutal,  idUiough  it 
I'requeutly  preseuts  a  median  projection  in  front,  and  a  lateral  pr(jjection  on 
either  side.  It  is  joined  to  the  first  ring  of  the  trachea  by  an  intervening  elastic 
membrane.  On  the  outer  surfuve  of  the  cricoid  cartilage,  at  the  place  where  the 
anterior  arch  joins  the  posterior  lamina,  a  vertical  ridge  descends  from  the 
arytenoid  articniar  facet.  On  this,  a  short  distance  from  the  lower  border  of  the 
cartilage,  a  prominent  circular  articular  facet  is  visible  for  articulation  with  the 
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inferior  cornu  of  the  thyroid  cartilage  (Fig.  615,  p.  91o).    The  innrr 
the  cricoid  cartilage  is  smooth,  and  is  lined  by  mucous  membrane. 

The  narrow  band-like  part  of  the  anterior  arch  of  the  cricoid  cartilage  lies 
below  the  lower  border  of  the  thyroid  cartilage,  whilst  the  posterior  lamina  is 
received  into  the  interval  between  the  posterior  portions  of  the  ahe  of  the  thyroid 
cartilage. 

Arytenoid.  Cartilages  (cartilagines  arytienoideie). — The  arytenoid  cartilages  are 
placed  one  on  either  side  of  the  mesial  plane,  and  rest  upon  the  upper  border  of  the 

posterior  lamina  of  tlie  cricoid 
cartilage,  in  the  interval  between 
the  posterior  portions  of  the  alae  of 
the  thyroid  cartilage.  They  pre- 
sent a  somewhat  pyramidal  i'orm. 
The  pointed  apex  or  summit  of  each 
is  directed  upwards,  and  at  the  same 
time  curves  backwards  and  inwards. 
It  supports  the  corniculum  laryngis. 
Of  the  three  surfaces,  one  looks 
directly  inwards  towards  the  cor- 
respoikliug  surface  of  the  op})Osite 
cartilage,  from  which  it  is  separated 
by  a  narrow  interval ;  another  looks 
backwards ;  whilst  the  third  is 
directed  outvv'ards  and  forwards. 
The  internal  surface,  wliich  is  the 
smallest  of  the  tliree,  is  triangular 
in  outline.  It  is  narrow,  vertical, 
and  even,  and  is  clothed  by  the 
lining  mucous  membrane  of  the 
larynx.  The  posterior  surface  is 
smooth  and  concave  from  above 
downwards ;  it  lodges  and  gives 
attachment  to  the  aryteuoideus 
transversus  muscle.  The  antero- 
external  surface  is  the  most  exten- 
sive of  the  three.  Its  middle  part 
is  marked  by  a  deep  depression  in  which  is  lodged  a  mass  of  mucous  glands. 
Upon  this  surface  of  the  arytenoid  cartilage  tlie  powerful  thyro-arytenoid  muscle 
is  inserted,  whilst  a  small  tubercle  a  short  distance  above  the  base  gives  attacli- 
ment  to  the  superior  tltyro-arytenoid  ligament — the  feeble  supporting  ligament 
of  the  false  vocal  cord.  The  three  surfaces  of  the  arytenoid  cartilage  are' 
separated  from  each  other  by  an  anterior,  a  posterior,  and  an  external  border. 
The  external  border  is  the  longest,  and  it  pursues,  as  it  is  traced  from  tlie  apex  to 
the  base,  a  sinuous  course.  Reacliing  the  base  of  the  cartilage,  it  is  prolonged 
outwards  and  backwards  in  the  form  of  a  stout  prominent  angle  or  process,  termed 
the  processus  muscularis.  Into  the  front  of  this  process  is  inserted  the  crico- 
arytenoideus  lateralis  muscle;  whilst  into  its  posterior  aspect  the  crico-arytenoideus 
posticus  muscle  is  inserted.  A  small  nodide  of  yellow  elastic  cartilage,  called 
the  sesamoid  cartilage,  is  frequently  found  on  the  external  border  of  the  arytenoid 
cartilage,  where  it  is  lield  in  position  by  the  investing  perichondrium.  Tlie 
anterior  border  of  the  arytenoid  is  vertical,  and  at  the  base  of  the  cartilage  is 
prolonged  horizontally  forwards  intf)  a  sharp-pointed  process  called  the  processus 
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vocalis.  It  receives  this  name  because  it  gives  attachmeut  to  the  inferior  thyro- 
arytenoid ligament  or  supporting  band  of  the  true  vocal  cord.  The  base  of  the 
arytenoid  cartilage  presents  on  its  under  surface,  and  more  particularly  on  the 
under  surface  of  the  processus  muscularis,  an  elongated  concave  facet  for  articulation 
with  the  upper  Ijorder  of  the  posterior  lamina  of  the  cricoid  cartilage. 

Cartilages  of  Santorini  (cartilagines  corniculata?;. — The  cartilages  of  Santorini, 
or  the  cornicula  laryngis,  are  two  minute  conical  nodules  of  yellow  elastic  cartilage 
which  surmount  the  apices  of  the  arytenoids,  and  prolong  tlie  upper  curved  ends  of 
these  cartilages  in  a  backward  and  inward  direction.  Each  cartilage  of  Santorini 
is  enclosed  within  the  posterior  part  of  the  corresponding  aryteno-epiglottidean 
fold  of  mucous  memljrane. 

Cuneiform  Cartilages  (cartilagines  cuneiformes). — The  cuneiform  cartilages 
are  not  invariably  present.  They  are  two  minute  rod-shaped  pieces  of  yellow 
elastic  cartilage,  each  of  which  occupies  a  place  in  the  corresponding  aryteno- 
epiglottidean  fold  of  mucous  membrane  immediately  in  front  of  the  arytenoid 
cartilage  and  the  cartilage  of  Santorini.  On  the  superhcial  surface  of  each  a  collec- 
tion of  mucous  glands  is  present,  and  this  tends  to  make  the  cartilage  stand  out 
in  relief  under  the  mucous  membrane. 

Epiglottidean  Cartilage  (cartilago  epiglottica). — The  epiglottis  is  supported 
l)y  a  thin  leaf-like  lamina  of  yellow  fibro-cartilage  which  is  placed  behind  the 
root  of  the  tongue  and  the  body  of  the  hyoid  Ijone,  and  in  front  of  the  superior 
aperture  of  the  larynx.  When  divested  of  the  mucous  membrane,  which  covers  it 
liehind  and  also  to  some  extent  in  front,  the  epiglottidean  cartilage  is  seen  to 
present  the  outline  of  a  bicycle-saddle,  and  to  be  indented  by  pits  and  pierced  by 
numerous  perforations.  In  the  former,  glands  are  lodged,  whilst  through  the  latter, 
blood-vessels  and  in  some  cases  nerves  pass.  The  broad  end  of  the  cartilage  is 
directed  upwards,  and  is  free.  Its  margins  are,  to  a  large  extent,  enclosed  within  the 
aryteno-epiglottidean  folds  of  mucous  memljrane.  The  anterior  surface  is  only  free 
in  its  upper  part.  This  part  is  covered  with  mucous  membrane,  and  looks  towards 
the  base  of  the  tongue.  The  posterior  surface  is  covered  throughout  its  whole 
extent  by  the  lining  mucous  membrane  of  the  laryngeal  cavity.  The  lower  pointed 
extremity  of  the  cartilage  is  carried  downwards  in  the  form  of  a  strong  fibrous  band, 
termed  the  thyro-epiglottidean  ligament. 

Ossification  of  the  Cartilages  of  the  Larynx.  —  The  thyroid  and  cricoid 
cartilages  and  the  greater  part  of  the  arytenoid  cartilages  are  composed  of  the  hyaline 
variety  of  cartilage.  The  apical  parts,  and  also  the  vocal  processes  of  the  arytenoid 
cartilages,  the  cartilages  of  Santorini,  the  cuneiform  cartilages,  and  the  epiglottis,  are 
formed  of  yellow  fibro-cartilage,  and  at  no  period  of  life  do  they  exhibit  any  tendency 
towards  the  ossific  change.  The  thyroid,  cricoid,  and  liasal  portions  of  the  arytenoids,  as 
life  advances,  become  more  or  less  completely  transformed  into  bone.  In  males  over 
twenty  years  of  age,  and  in  females  over  twenty-two  years  of  age,  the  process  will  usually 
be  found  to  have  begun  (Chievitz).  It  is  impossible,  however,  by  an  examination  of  the 
laryngeal  cartilages,  to  form  an  estimate  of  the  age  of  the  individual,  although  in  old  age 
it  is  usual  to  tind  the  thyroid,  cricoid,  and  the  hyaline  part  of  the  arytenoid  completely 
ossified.  It  would  appear  that  the  process  is  somewhat  slower  in  the  female  than  in  the 
male.  The  thyroid  is  the  first  to  show  the  change  ;  then,  but  almost  at  the  same  time, 
the  cricoid,  and  lastly,  a  few  years  later,  the  arytenoid. 

JOINTS,  LIGAMENTS,  AND  MEMBRANES  OF  THE  LARYNX. 

Crico-thyroid  Joints  (articulationes  cricothyreoidese). — These  are  diarthrodial 
joints,  and  are  formed  by  the  apposition  of  the  cii'cular  facets  on  the  tips  of  the 
inferior  cornua  of  the  thyroid  cartilage  with  the  elevated  circular  facets  on  the 
sides  of  the  cricoid  cartilage.  A  capsular  ligament  is  thrown  around  each  articula- 
tion, and  this  is  lined  by  synovial  membrane.  On  the  posterior  aspect  of  the  joint 
a  strengthening  band  is  present  in  the  capsule.  The  movements  which  take  place 
at  the  crico-thyroid  joints  are  of  a  twofold  character,  viz.  gliding  and  rotatory.  In 
the  first  case  the  thyroid  facets  glide  upon  the  cricoid  surfaces  in  different  directions. 
The  rotatory  movement  is  one  in  which  the  thyroid  cartilage  rotates  to  a  slight 
extent  around  a  transverse  axis  which  passes  through  the  centre  of  the  two  joints. 
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Crico  -  arytenoid  Joints  (articulationes  cricoaryteenoidese). — These  also  are 
diarthrodial  articulations.  In  each  case  there  is  a  joint  cavity  surrounded  by  a 
capsular  ligament,  which  is  lined,  by  a  synovial  membrane.  The  cricoid  articular 
surface  is  convex,  whilst  that  of  the  arytenoid  is  concave ;  both  are  elongated  or 
elliptical  in  form,  and  they  are  applied  to  each  other,  so  that  the  long  axis  of  the  one 
intersects  or  crosses  that  of  the  other.  In  no  position  of  the  joint  do  the  two  sur- 
faces accurately  coincide — a  portion  of  the  cricoid  facet  is  always  left  uncovered. 
The  capsule  of  the  joint  is  strengthened  behind  by  a  band  which  is  inserted  into 
the  inner  and  back  part  of  the  base  of  the  arytenoid  cartilage,  and  plays  a  somewhat 
important  part  in  the  mechanism  of  the  joint  :  it  arrests  effectually  forwaixl  move- 
ment of  the  arytenoid  cartilage. 

The  movements  which  take  place  at  the  crico-arytenoid  joint  are  of  a  twofold 
kind,  viz.  gliding  and  rotatory.  The  ordinary  position  of  the  arytenoid  during  easy, 
quiet  breathing  is  one  in  which  it  rests  upon  the  outer  part  of  the  cricoid  facet. 
By  a  gliding  movement  it  can  ascend  upon  the  cricoid  facet,  and  advance  towards 
the  median  plane  and  its  fellow  of  the  opposite  side.  The  gliding  movements, 
therefore,  are  of  such  a  character  that  the  two  arytenoid  cartilages  approach  or 
retreat  from  each  other  and  the  mesial  plane.  In  the  rotatory  movement  the 
arytenoid  cartilage  revolves  around  a  vertical  axis.  By  this  movement  the  vocal 
process  is  swung  outwards  or  inwards,  so  as  to  open  or  close  the  rima  glottidis. 

The  joint  between  the  arytenoid  and  the  cartilage  of  Santorini  may  either 
partake  of  the  nature  of  an  amphiarthrosis  or  of  a  diarthrosis.  The  tips  of  the  two 
cornicula  laryngis  can  generally  be  made  out  to  be  connected  to  the  upper  border  of 
the  posterior  lamina  of  the  cricoid  cartilage  by  a  delicate  Y-shaped  ligament  termed 
the  ligamentum  jugale. 

Thyro-hyoid  Membrane  (membrana  hyothyreoidea). — This  is  a  broad  mem- 
branous and  somewhat  elastic  sheet  which  occupies  the  interval  between  the  hyoid 
bone  and  the  thyroid  cartilage.  It  is  not  equally  strong  throughout.  It  presents 
a  central  thick  portion  and  a  cord-like  right  and  left  margin,  whilst  in  the  intervals 
between  these  it  is  thin  and  weak.  The  central  thickened  part  (ligamentum 
thyro-hyoideum  medium)  is  largely  composed  of  elastic  fibres.  Below,  it  is  attached 
to  the  margins  of  the  thyroid  notch,  whilst  above,  it  is  fixed  to  the  posterior  aspect 
of  the  upper  margin  of  the  body  of  the  hyoid  bone.  The  upper  part,  therefore,  of  its 
anterior  surface  is  placed  l)ehind  the  posterior  hollowed-out  surface  of  the  body  of 
the  hyoid  bone ;  a  synovial  bursa  of  variable  extent  is  placed  between  them,  and  in 
certain  movements  of  the  head  and  larynx  the  upper  border  of  the  thyroid  cartilage 
slips  upwards  behind  the  hyoid  bone.  On  either  side  of  the  strong  central  part,  the 
thyro-hyoid  membrane  is  thin  and  loose.  It  is  attached  below  to  the  upper  border 
of  the  thyroid  cartilage,  and  above  to  the  posterior  aspect  of  the  great  cornu  of  the 
hyoid  bone.  It  is  pierced  by  the  internal  laryngeal  nerve  and  the  superior 
laryngeal  vessels.  The  posterior  border  of  the  th}  ro-hyoid  membrane  on  each  side 
is  thickened,  round,  and  cord-like,  and  is  chiefly  composed  of  elastic  fibres.  It  is 
termed  the  ligamentum  thyro-hyoideum  laterale,  and  extends  from  the  tip  of  the 
great  cornu  of  the  hyoid  bone  to  the  extremity  of  the  superior  cornu  of  the  thyroid 
cartilage.  In  this  ligament  there  is  usually  developed  a  small  oval  cartilaginous  or 
bony  nodule  which  receives  the  name  of  the  cartilago  triticea.  The  deep  surface  of  the 
lateral  part  of  the  thyro-hyoid  membrane  is  covered  by- the  pharyngeal  mucous 
membrane.  Behind  its  central  part  lies  the  epiglottis,  but  separated  from  it  by  a- 
mass  of  adipose  tissue  (Fig.  618,  p.  916). 

Crico-thyroid  Membrane  (membrana  cricothyreoidea). — This  is  a  very  important 
structure,  which  must  be  considered  in  three  parts,  viz.  a  central  and  two  lateral, 
all  of  which  are  directly  continuous  with  each  other,  and  differ  only  in  the  nature 
of  their  superior  connexions.  The  central  part  of  the  crico-thyroid  membrane  is 
strong,  tense,  and  elastic.  It  is  triangular  in  shape,  and  is  attached  by  its  broad 
base  to  the  upper  border  of  the  anterior  arch  of  cricoid  cartilage,  whilst  above,  it  is 
fixed  to  the  middle  part  of  the  lower  border  of  the  thyroid  cartilage  (Fig.  612,  p.  909). 
Ijt  is  pierced  by  minute  apertures,  and  is  crossed  superficially  by  the  crico-thyroid 
branch  of  the  superior  laryngeal  artery.  The  central  part  of  the  crico-thyroid  mem- 
brane, therefore,  closes  in  front  the  interval  between  tlie  cricoid  and  thyroid  cartilages. 
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The  lateral  part  on  each  side  presents  very  different  connexions.  It  is  not  attached 
to  the  lower  border  of  the  thyroid  cartilage,  but  slopes  upwards  and  inwards  within 
the  thyroid  ala,  and  thus  diminishes  materially  the  transverse  width  of  the  lower 
subdivision  of  the  laryngeal  cavity.  Its 
attachments  are  very  definite.  Below,  it 
is  fixed  to  the  upper  border  of  the  cricoid 
cartilage,  immediately  subjacent  to  the 
lining  mucous  membrane  of  the  larynx ; 
above,  it  is  directly  continuous  with  the 
inferior  thyro-arytenoid  ligament  or  sup- 
porting band  of  the  true  vocal  cord.  This 
ligament,  indeed,  may  be  looked  upon 
as  constituting  the  upper  thickened  free 
border  of  the  lateral  part  of  the  crico- 
thyroid membrane.  In  front,  the  lateral 
part  of  the  crico-thyroid  membrane  is 
attached  to  the  lower  half  of  the  inner 
surface  of  the  ala  of  the  thyroid  cartilage, 
close  to  the  angle,  and  behind,  to  the 
lower  border  of  the  processus  vocalis  of 
the  arytenoid  cartilage.  In  contact  with 
the  outer  surface  of  the  lateral  part  of 
the  crico-thyroid  membrane,  and  separat- 
ing it  from  the  thyroid  ala,  are  the  lateral 
crico-thyroid  and  the  thyro-arytenoid  muscles ;  the 
the  lining  mucous  membrane  of  the  larynx. 

Inferior  Thyro-arytenoid  Ligament  (ligamentum 
in  connexion  with  the  upper  border  of  the  lateral 
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Fig.  615. — Dissectihn  to  show  the  Lateral  Part 
01?  THE  Crico-thyroid  Membrane.  The  right 
ala  of  the  thyroid  cartilage  has  been  removed. 


inyier 


surface  is  clothed  by 


vocale). — This  is  formed 
part  of  the  crico-thyroid 

membrane,  and  it  constitutes  the  supporting  ligament  of  the  true  vocal  cord.  It 
is  attached  in  front,  close  to  its  fellow  of  the  opposite  side,  to  the  middle  of  the 
angular  depression  between  Lhe  two  alfe  of  the  thyroid  cartilage.  From  this  it 
stretches  backwards,  and  becomes  incorporated  with  the  tip  and  upper  border  of  the 
processus  vocalis  which  projects  forwards  from  the  base  of  the  arytenoid  cartilage. 
The  inferior  thyro-arytenoid  ligament  is  composed  of  yellow  elastic  fibres,  and 
embedded  in  its  anterior  extremity  there  is  frequently  a  minute  nodule  of  elastic 
cartilage.  Its  inner  border  is  sharp  and  free,  and  is  clothed  by  mucous  membrane, 
which  in  this  position  is  very  thin  and  tightly  bound  down  to  the  ligament. 

The  superior  thyro-arytenoid  ligament  (ligamentum  ventriculare)  supports 
the  false  vocal  cord.  It  is  weak  and  indefinite,  but  somewhat  longer  than  the 
preceding  ligament.  In  front  it  is  attached  to  the  angular  depression  between  the 
two  al;e  of  the  thyroid  cartilage,  above  the  true  vocal  ligaments  and  close  to  the 
attachment  of  the  thyro-epiglottidean  ligament,  and  it  extends  backwards  to  be  fixed 
to  a  tubercle  on  the  antero-external  surface  of  the  arytenoid  cartilage,  a  short  dis- 
tance above  the  processus  vocalis.  It  is  composed  of  connective  tissue  and  elastic 
fibres  which  are  continuous  with  the  fibrous  tissue  in  the  aryteno-epiglottidean  fold. 

Epiglottidean  Ligaments. — The  epiglottis  is  bound  by  ligaments  to  the  base 
of  the  tongue,  to  the  hyoid  bone,  and  to  the  thyroid  cartilage.  The  glosso-epi- 
glottidean  ligaments  are  three  in  number,  viz.  a  middle  and  two  lateral.  The 
middle  glosso-epiglottidean  ligament  (plica  glosso-epiglottica  mediana)  is  a  prominent 
mesial  fold  of  mucous  membrane  which  proceeds  from  the  middle  of  the  anterior 
free  surface  of  the  epiglottis  to  the  base  of  the  tongue.  The  lateral  glosso-epiglotti- 
dean ligaments  (plicte  glosso-epiglotticte  laterales)  are  similar  mucous  folds  which 
proceed  from  the  margins  of  the  epiglottis  to  the  side  of  the  base  of  the  tongue  and 
to  the  pharyngeal  wall.  From  the  latter  attachment  they  are  sometimes  called  the 
pharyngo-epigiottic  folds.  Between  the  two  layers  of  mucous  membrane  which 
form  each  of  these  three  folds  there  is  a  certain  amount  of  elastic  tissue.  By  the 
glosso-epiglottidean  folds  the  depression  between  the  root  of  the  tongue  and  ttie 
epiglottis  is  marked  off  into  two  fossiB  termed  the  valleculas. 

The  hyo-epiglottidean  ligament  (ligamentum  hyoepiglotticum)  is  a  short,  broad 
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elastic  band,  somewhat  broken  up  by  adipose  tissue,  which  connects  the  anterior 
face  of  the  epiglottis  to  the  upper  border  of  the  hyoid  bone.  The  thyro-epiglottidean 
ligament  (ligamentum  thyreoepiglotticum)  is  strong  and  thick  (Tig-  614,  p.  910). 
Composed  mainly  of  elastic  tissue,  it  proceeds  downwards  from  the  lower  pointed 
extremity  of  the  epiglottis,  and  is  attached  to  the  angular  depression  between  the 
two  ahe  of  the  thyroid  cartilage  below  and  behind  the  median  notch. 

A  triangular  interval  is  left  between  the  anterior  face  of  the  epiglottis  and  the 
thyro-hyoid  membrane.  This  is  imperfectly  closed  above  by  the  liyo-epiglottidean 
ligament,  and  contains  a  pad  of  soft  fat  (Fig.  618,  p.  916). 

INTERIOR  OF  THE  LARYNX. 

The  cavity  of  the  larynx  is  sn:ialler  than  might  be  expected  from  an  inspection 
of  its  exterior.  On  looking  into  its  interior  through  the  superior  aperture  it  is 
seen  to  be  sirbdivided  into  three  portions  by  two  elevated  folds  of  mucous  mem- 
brane which  extend  from  before  backwards,  and  project  inwards  from  each  side-wall 
of  the  cavity.  The  upper  pair  of  folds  are  the  false  vocal  cords  ;  the  lower,  more 
definite  pair,  are  the  true  vocal  cords.  The  latter  are  the  chief  agents  in  the  pro- 
duction of  the  voice,  and  the  larynx  is  so  constructed  that  changes  in  their  relative 
position  and  in  their  degree  of  tension  are  brought  about  l)y  the  action  of  the 
muscles  and  the  recoil  of  the  elastic  ligaments. 

Superior  Aperture  of  the  Larynx  (aditus  laryn^is). — This  is  a  large  obliquely- 
placed  opening  wliicli  .slo]>es  rapidly  from  above  (Jownwards  and  backwards.  Some- 
what triangular  in  outline, 
the  basal  part  of  the  aper- 
ture, placed  above  and  in 
front,  is  formed  by  the  free 
border  of  the  epiglottis. 
Behind,  the  opening  rapidly 
narrows,  and  finally  ends 
in  the  interval  between  the 
two  arytenoid  cartilages. 
The  sides  of  the  aperture 
are  formed  by  two  sharp 
and  prominent  folds  of 
mucous  membrane  called 
the  aryteno  -  epiglottidean 
folds  (plic*  aryepiglotticie), 
which  stretch  between  the 
lateral  margins  of  the  epi- 
glottis in  front  and  the 
arytenoid  cartilages  behind. 

The  ary teno-epiglot- 
tidean  folds  enclose  between 
the  two  layers  of  mucous 
membrane  which  compose 
them  some  connective 
tissue,  muscular  fibres  be- 
longing to  the  aryteno- epiglottidean  muscles,  and  in  their  posterior  parts  the 
cuneiform  cartilages  and  the  cornicula  laryngis  which  surmount  the  arytenoid 
cartilages.  These  small  nodules  of  cartilage  raise  the  hinder  part  of  the  aryteno- 
epiglottidean  fold  in  tlie  form  of  two  rounded  eminences,  termed  respectively  the 
cuneiform  tubercle  (tuberculum  cuneiforme)  and  the  tubercle  of  Santorini  (tuberculum 
corniculatum). 

On  either  side  of  the  ])osterior  part  of  the  laryngeal  opening  there  is,  in  the 
pharynx,  a  small  downwardly-directed  recess  which  presents  a  wide  entrance,  but 
rapidly  narrows  towards  the  bottom.  It  is  termed  the  sinus  pyriformis,  and  it  is 
important  to  the  surgeon,  because  foreign  bodies  introduced  into  the  pharynx  are 
liable  to  be  caught  in  this  little  pocket.    On  the  inner  side  the  sinus  pyriformis  is 


Hyoid  bon 


True  vocal 
cord 

Riiiia 
glottidis' 

Pyriform  / 
sinus  ; 
Superior 
conni  "lir  I. 
thyroid  \  |/|. 

Pharyngeal 
wail  (cut) 


Fig.  616. — Supeuioh  Ai'Ehtuhe  of  Lakynx,  exposed  by  laying  open 
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bounded  by  the  arytenoid  cartilage  and  the  aryteno-epiglottidean  fold,  whilst  on 
the  outer  side  it  is  limited  by  the  inner  surface  of  the  ala  of  the  thyroid  cartilage, 
clothed  l^y  the  pharyngeal  mucous  membrane. 

Upper  Subdivision  of  the  Laryngeal  Cavity  (vestibulum  laryngis).  —  The 
upper  subdivision  of  the  laryngeal  cavity  extends  from  the  superior  opening  of  the 
larynx  down  to  the  false  vocal  cords.  In  its 
lower  part  it  exhibits  a  marked  lateral  com- 
pression. Its  width,  therefore,  diminishes  from 
above  downwards,  whilst,  owing  to  the  obliquity 
of  the  upper  aperture  of  the  larynx,  its  depth 
rapidly  diminishes  from  before  backwards.  In 
front  it  is  bounded  by  the  posterior  surface  of 
the  epiglottis,  clothed  by  mucous  membrane. 
This  wall  descends  obliquely  from  above  down- 
wards and  forwards,  and  becomes  narrower  as  it 
approaches  the  anterior  ends  of  the  false  vocal 
cords.  The  upper  part  of  the  posterior  surface 
of  the  epiglottis  is  convex,  owing  to  the  manner 
in  which  the  upper  margin  is  curved  forwards 
towards  the  tongue ;  below  this  there  is  a 
slight  concavity,  and  still  lower  a  marked  bulg- 
ing or  convexity  over  the  upper  part  of  the 
thyro-epiglottidean  ligament.  This  swelling  is 
called  the  cushion  or  tubercle  of  the  epiglottis 
(tuberculum  epiglotticum),  and  it  forms  a  con- 
spicuous object  in  laryngoscopic  examinations 
of  the  larynx*.  The  lateral  wall  of  the  upper 
compartment  or  vestibule  of  the  larynx  is  formed 
by  the  inner  surface  of  the  aryteno-epiglottidean 
fold.  For  the  most  part  it  is  smooth  and  slightly 
concave,  and  it  diminishes  considerably  in 
vertical  depth  as  it  passes  backwards.  In  its 
posterior  part  the  mucous  membrane  stands  out  in  two  elongated  vertical  elevations 
placed  one  behind  the  other  (Fig.  618,  p.  916).  The  anterior  elevation  is  formed 
by  the  subjacent  cuneiform  cartilage  with  the  mass  of  glands  associated  with 
it ;  the  posterior  elevation  is  produced  by  the  anterior  margin .  of  the  arytenoid 
cartilage  and  the  cartilage  of  Santorini.  A  shallow  groove  (filtrum  ventriculi  of 
Merkel)  descends  between  these  rounded  elevations,  and  terminates  below  by 
running  into  the  interval  between  the  false  and  true  vocal  cords.  The  anterior 
elevation  comes  to  an  end  below  in  the  posterior  extremity  of  the  false  vocal  cord ; 
the  arytenoid  or  posterior  elevation,  in  its  inferior  part,  bends  round  the  hinder  end 
of  the  ventricle  of  the  larynx  and  becomes  lost  in  the  true  vocal  cord.  The  posterior 
uiall  of  the  laryngeal  vestibule  is  narrow,  and  corresponds  to  the  interval  between 
the  upper  parts  of  the  two  arytenoid  cartilages.  Its  width,  to  a  large  extent, 
depends  on  the  position  of  these  cartilages,  and  when  they  are  placed  near  each  other 
the  mucous  membrane  which  covers  this  wall  is  thrown  into  longitudinal  folds. 

Middle  Subdivision  of  the  Laryngeal  Cavity. — The  middle  compartment  of 
the  larynx  is  much  the  smallest  of  the  three.  It  is  bounded  above  by  the  false 
vocal  cords  and  below  by  the  true  vocal  cords,  whilst  it  communicates  between  these 
folds  with  the  vestibule  on  the  one  hand  and  the  inferior  compartment  of  the 
larynx  on  the  other. 

The  false  vocal  cords  (plicse  ventriculares)  are  two  prominent  mucous  folds 
which  extend  from  before  backwards  on  the  side  walls  of  the  laryngeal  cavity.  In 
front  they  reach  the  angle  between  the  two  alee  of  the  thyroid  cartilage,  but  behind 
they  do  not  extend  so  far  as  the  posterior  wall  of  the  larynx.  They  come  to  an 
end  on  each  side  at  the  lower  end  of  the  elongated  swelling  produced  by  cuneiform 
cartilage.  The  false  vocal  cord  is  soft  and  somewhat  flaccid,  and  presents  a  free 
border  which  is  slightly  arched — the  concavity  looking  downwards.  Within  the 
fold  of  mucous  membrane  which  forms  this  cord  are  contained:  (1)  the  feeble 
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superior  thyroarytenoid  ligament;  (2)  numerous  glands  which  are  chiefly  aggre- 
gated in  its  middle  part ;  and  (3)  a  few  muscle  fibres. 

The  interval  between  the  false  vocal  cords 
is  sometimes  termed  the  false  glottis  (glottis 
spuria),  and  is  considerably  wider  than  the 
interval  between  the  true  vocal  cords,  which 
is  called  the  true  glottis  (glottis  vera)  or  rima 
glottidis.  It  follows  from  this  that  when 
the  cavity  of  the  larynx  is  examined  from 
above  the  four  cords  are  distinctly  visible, 
but  when  examined  from  below  the  true 
vocal  cords  alone  can  be  seen. 

The  true  vocal  cords  (plicse  vocales), 
placed  below  the  false  cords,  extend  from 
the  angle  l:)etween  the  alfe  of  the  thyroid 
cartilage  in  front  to  the  vocal  processes  of 
the  arytenoid  cartilages  behind.  The  true 
vocal  cord  is  sharp  and  prominent,  and  the 
mucous  membrane  which  is  stretched  over 
it  is  very  thin  and  firmly  bound  down  to 
the  subjacent  ligament.  In  colour  it  is 
])ale,  almost  pearly  white,  whilst  posteriorly 
the  point  of  the  processus  vocalis  of  the 
arytenoid,  which  stands  out  clearly  in  relief, 
presents  a  yellowish  tinge.  In  cross-section 
the  true  vocal  cord  is  prismatic  in  form,  and 
its  free  border  looks  upwards  as  well  as 
inwards. 

The  true  vocal  cords  are  the  agents  by 
means  of  which  the  voice   is  produced. 
The  false  vocal  cords  are  of  little  import- 
ance in   this  respect ;   indeed,  they  can 
in  great  part  be  destroyed  and  no  appreciable  difference  in  the  voice  result. 

Glottis  vera  (rima  glottidis). — This  name  is  applied  to  the  elongated  fissure  l^y 
means  of  which  the  middle  compartment 
of  the  larynx  communicates  with  the  y 
lower  com]3artment.  It  is  placed  some- 
what below  the  middle  of  the  laryngeal 
cavity,  of  which  it  constitutes  the  nar- 
rowest part.  In  front  it  corresponds  to 
the  interval  between  the  true  vocal 
cords;  behind,  it  corresponds  to  the 
interval  between  the  bases  and  vocal 
processes  of  the  arytenoid  cartilages.  It 
is  composed,  therefore,  of  two  distinct 
parts:  (I)  a  narrow  anterior  portion, 
between  the  true  vocal  cords,  involving 
more  than  half  of  its  length,  and  called  the 
glottis  vocalis  (pars  intermembranacea) ; 
(2)  a  broader,  shorter  portion,  between 
the  arytenoid  cartilages,  and  termed  the 
glottis  respiratoria  (pars  intercartilaginea). 
By  changes  in  the  position  of  the  arytenoid 
cartilages  the  form  of  the  rima  glottidis 
undergoes  constant  alterations.  In  ordi- 
nary easy  breathing  it  is  somewhat  lanceo- 
late in  outline.  The  glottis  vocalis  •  ,  , 
presents  under  these  conditions  the  form  of  an  elongated  triangle  with  the  Ijase 
directed  backwards,  and  corresponding  to  an  imaginary  hue  drawn  between  the 


Fid.  618.—  Mesial  Section  through  Larynx, 
to  sliow  the  outer  wall  of  the  riglit  half. 
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points  of  the  vocal  processes  of  the  arytenoid  cartilages,  whilst  the  glottis  respira- 
toria  is  somewhat  quadrangular.  When  the  glottis  is  opened  widely  the  broadest 
part  of  the  fissure  is  at  the  extremities  of  the  vocal  processes  of  the  arytenoids, 
and  here  the  side  of  the  rima  presents  a  marked  angle.  The  two  vocal  cords,  on 
the  other  hand,  may  be  approximated  to  each  other  so  closely,  as  in  singing  a  high 
note,  that  the  glottis  vocalis  is  reduced  to  a  linear  chink. 

Tlie  length  of  tlie  rinia  glottidis  differs  very  considerably  in  the  two  sexes,  and  upon  this 
dej^ends  the  different  character  of  the  voice  in  the  male  and  female.  According  to  Moura,  the 
following  are  the  average  measurements  in  the  quiescent  condition  of  the  rima  : — 

Male — Lengtli  of  entire  rima  glottidis,  /glottis  vocalis,  15-5  nun. 

23  mm.        .....  \. glottis  respiratoria,  7'5  mm. 

Female — Length  of  entire  rima  glottidis,  /glottis  vocalis,  11'5  mm. 

17  mm.   (.glottis  resjnratoria,  5'5  mm. 

By  stretching  the  vocal  cords,  however,  the  length  of  the  rima  glottidis  in  the  male  may 
he  increased  to  27'5  mm.,  and  in  the  female  to  20  mm. 

The  i^osition  of  the  rima  glottidis  may  he  indicated  on  the  surface  by  marking  a  point  on  the 
middle  line  of  the  neck  8-5  mm.  below  the  bottom  of  the  thyroid  notch  in  tlie  male  and  6'5  mm. 
in  the  female.    This  is  the  average  position  (Taguchi). 

Laryngeal  Sinus  (ventriculus  laryngis). — The  side  wall  of  the  larynx,  in  the 
interval  between  the  false  and  the  true  vocal  cords,  exhibits  a  marked  pocket-like 
depression  or  recess  called  the  laryngeal  sinus.  The  recess  passes  upwards  so  as 
to  undermine  somewhat  the  false  vocal  cord,  and  its  mouth  is  somewhat  narrower 
than  its  cavity.  In  front  it  reaches  forwards  to  the  angle  between  the  alai  of  tlie 
thyroid  cartilage,  whilst  Ijehind  it  ends  at  the  anterior  l)order  of  the  arytenoid 
cartilage. 

Under  cover  of  the  forepart  of  the  false  vocal  cord  a  small  slit-like  aperture 
may  be  detected ;  this  leads  upwards  from  the  laryngeal  sinus  into  a  small  diverti- 
culum of  mucous  membrane,  termed  the  laryngeal  saccule  (appendix  ventriculi), 
which  ascends  between  the  false  vocal  cord  and  the  aln  of  the  thyroid  cartilage. 
The  laryngeal  saccule  is  of  variable  extent,  but  as 
a  rule  it  ends  blindly  at  the  level  of  the  upper 
border  of  the  thyroid  cartilage. 

Sometimes  the  saccule  extends  much  higher,  and  may 
even  reach  the  hinder  part  of  the  great  coruu  of  the 
hyoid  bone.  This  is  of  interest  when  considered  in 
connexion  with  the  extensive  laryngeal  pouches  of  the 
anthropoid  apes. 

Lower  Compartment  of  the  Laryngeal  Cavity. 

— This  leads  directly  downwards  into  the  trachea. 
Al)Ove  it  is  narrow  and  compressed  laterally,  but 
it  gradually  widens  out  until,  in  its  lowest  part,  it 
Ijecomes  circular,  in  correspondence  with  the  trachea 
with  which  it  is  continuous.  It  is  bounded  by  the  Fig.  620.— Specimen  showing  a  great 
sloping  inner  surfaces  of  the  crico-thyroid  membrane  larynx"^  ^^'^'^^^''^  "^"^ 
and  by  the  inner  aspect  of  the  cricoid  cartilage — 

l)oth  covered  by  smooth  mucous  membrane.  In  the  operation  of  laryngotomy  the 
opening  is  made  through  the  anterior  wall  of  this  compartment. 

Mucous  Membrane  of  the  Larynx. — The  mucous  membrane  which  lines  the 
larynx  is  continuous  above  with  that  lining  the  pharynx,  and  below  with  mucous 
membrane  of  the  trachea.  Over  the  posterior  surface  of  the  epiglottis  it  is  closely 
adherent,  but  elsewhere,  above  the  level  of  the  true  vocal  cords,  it  is  loosely 
attached  by  submucous  tissue  which  extends  into  the  aryteno-epiglottidean  folds. 
As  it  passes  over  the  true  vocal  cords  the  mucous  membrane  is  very  thin,  and  is 
tightly  botmd  down. 

It  is  important  to  bear  these  facts  in  mind,  because  in  certain  inflammatory  conditions  the  lax 
submucous  tissue  in  the  upper  part  of  the  larynx  is  liable  to  become  infiltrated  with  fluid,  pi-o- 
ducing  what  is  known  as  oedema  glottidis.  This  may  proceed  so  far  as  to  cause  occlusion  of  the 
upper  part  of  the  cavity.    The  close  adhesion  of  the  mucous  mendirane  to  the  true  vocal  coi'ds. 
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however,  j^i'eveuts  the  oedema  extending  l^eyond  tlie  level  of  the  rinia  glottidis,  and  the  surgeon 
is  thus  able  to  relieve  tlie  patient  by  making  an  ojjening  througli  the  front  part  of  tlie  crico- 
thyroid memljrane  into  the  lower  compartment  of  the  larynx. 

Above  the  level  of  the  rima  glottidis  the  laryngeal  mucous  iueml)raue  is 
extremely  sensitive,  and  when  touched  by  a  foreign  body  there  is  an  immediate 
response  in  the  shape  of  an  explosive  cough.  In  the  lower  compartment  of  the 
larynx  the  mucous  membrane  is  lined  by  columnar  ciliated  epithelium.  Over  the 
true  vocal  cords  this  is  replaced  by  squamous  epithelium.  In  the  middle  compart- 
ment and  in  the  lower  part  of  the  vestibule  of  the  larynx  the  columnar  ciliated 
epithelium  again  reappears.  The  upper  part  of  the  epiglottis  and  the  upper  parts 
of  the  side  walls  of  the  vestibule  are  covered  l)y  squamous  epithelium  similar  to 
that  present  in  the  mouth  and  pharynx. 

Tlie  mucous  membrane  of  the  larynx  has  a  plentiful  supply  of  acinose  glands, 
and  in  only  one  place,  viz.  over  the  surface  of  the  true  vocal  cords,  are  these  com- 
pletely absent.  For  the  most  part  the  glands  are  aggregated  in  groups.  The 
following  are  the  localities  in  which  these  groups  are  especially  noticeable  : — (1)  On 
the  dorsal  surface  of  the  epiglottis,  many  of  the  glands  piercing  the  cartilage ;  (2) 
around  the  cuneiform  cartilage,  where  they  are  chiefly  responsible  for  the  elongated 
elevation  seen  in  this  part  of  the  wall  of  the  vestibule ;  (3)  in  the  false  vocal  cord, 
and  over  the  wall  of  the  laryngeal  sinus  and  the yirf  ngea]  saccule. 

LARYNGEAL  MUSCLES. 

Under  this  heading  we  do  not  include  all  the  muscles  whicli  are  attached  to 
the  cartilages  of  the  larynx.  Thus  the  inferior  constrictor  muscles  of  the  pliarynx, 
although  attached  to  both  cricoid  and  thyroid  cartilages,  and  the  stylo-pharyngeus 
muscle  on  each  side,  although  inserted  in  part  into  the  thyroid  cartilage,  properly 
l)elong  to  the  pharynx.  Of  the  laryngeal  muscles  proper  two  are  attached  to  the 
ol)lique  line  of  the  thyroid  cartilage  (viz.  the  sterno-thyroid  and  thyro-hyoid),  and 
are  concerned  in  producing  movements  of  the  larynx  as  a  whole.  These  are  termed 
tlie  extrinsic  muscles  of  the  larynx,  and  have  been  already  described  (p.  912).  The 
intrinsic  muscles  of  tire  larynx  are  a  group  of  small  muscles  which  help  to  build  up 
tlie  laryngeal  wall  and  which  move  the  laryngeal  cartilages  on  each  other.  One 
jjasses  between  the  cricoid  and  thyroid  cartilages — the  crico-thyroid  muscle ;  two 
pass  between  the  cricoid  and  arytenoid  cartilages — the  crico-arytenoideus  posticus 
ami  crico-arytenoideus  lateralis;  one,  in  the  lateral  wall  of  the  larynx,  under  cover 
of  the  ala  of  the  thyroid  cartilage,  passes  between  the  thyroid  and  the  arytenoid 
cartilages — the  thyro-arytenoid.    These  muscles  are  in  pairs.     One  muscle  only, 

which  connects  the  two  arytenoid  cartilages,  and 
which  is  termed  in  consequence  the  arytenoideus, 
is  single.  In  addition  to  these,  some  muscular 
flbres  which  enter  the  aryteno-epiglottidean  fold 
and  reach  the' epiglottis  require  to  l)e  considered. 
These  constitute  the  thyro-ary-epiglottidean  muscle. 

The  crico-thyroid  muscle  (musculus  crico- 
thyreoideus)  is  placed  on  the  cricoid  cartilage,  and 
l)ridges  over  the  crico-thyroid  interval.  Taking 
origin  from  the  lower  border  and  outer  surface  of 
the  anterior  arch  of  the  cricoid  cartilage,  its  fibres 
spread  out  in  an  upward  and  backward  direction, 
and  are  inserted  into  the  inner  surface  and  lower 
margin  of  the  thyroid  cartilage,  and  also  into  the 
anterior  aspect  of  its  inferior  cornu.  As  a  general 
rule  it  is  divided  into  two  parts,  viz.:  (1)  an  anterior 
or  oblique  part,  composed  of  those  fibres  which  are 
inserted  into  the  ala  of  the  thyroid  cartilage ;  and 
(2)  a  posterior  or  horizontal  part  formed  of  those  fibres  which  are  inserted  into  the 
inferior  cornu  of  the  thyroid  cartilage.  It  is  closely  associated  with  the  inferior 
constrictor  muscle  of  the  pharynx,  and  sometimes  shows  a  certain  amount  of  con- 
tinuity with  it. 


KiG.  62].— Thk  Crico-thykoid  Musci.k. 
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The  posterior  crico-arytenoid  muscle  (musculus  cricoaiytcenoideus  posterior) 
is  somewhat  fan-shaped  (Fig.  623,  p.  920).  It  springs  by  a  broad  origin  from  the 
depression  which  is  present  on  the  posterior  lamina  of  the  cricoid  cartilage  on  each 
side  of  the  mesial  ridge,  and  its  fibres  converge  to  be  inserted  into  the  posterior 
surface  of  the  processus  muscularis  of  the  arytenoid  cartilage.  In  pursuing  its 
upward  and  outward  course  on  the  back  of  the  cricoid  cartilage  its  fibres  show 
different  degrees  of  obliquity.  The  uppermost  fibres  are  short  and  nearly  horizontal ; 
the  intermediate  fibres  are  the  longest,  and  are  very  oblique ;  whilst  the  lowest 
fibres  are  almost  vertical  in  their  direction. 

The  lateral  crico-arytenoid  muscle  (musculus  cricoarytfEnoideus  lateralis)  is 
triangular  in  form  and  smaller  than  the  preceding  muscle  (Fig.  622).  It  springs 
from  the  upper  border  of  the  lateral  part  of  the  anterior  arch  of  the  cricoid  as  far 
back  as  the  facet  which  supports  the  base  of  the  arytenoid  cartilage.  A  few  of  its 
fibres  also  take  origin  from  the  lateral  part  of  the  crico-thyroid  membrane,  to  whicli 
its  deep  surface  is  applied.  From  this  attachment  its  fibres  run  backwards  and 
upwards,  and  converge  to  be  inserted  into  the  anterior  surface  of  the  processus 
muscularis  of  the  arytenoid  cartilage.  The  superficial  or  outer  surface  of  this 
muscle  is  covered  by  the  lower  part  of  the  ala  of  the  thyroid  cartilage  and  by  the 
upper  part  of  the  crico-thyroid  muscle. 

The  thyro-arytenoid  muscle  (musculus  thyreoarytsenoideus)  is  placed  in  the 
lateral  wall  of  the  larynx  under  cover  of  the  ala  of  the  thyroid  cartilage  (Fig.  622). 
Its  lower  border  is  contiguous  with,  and  generally  inseparably  blended  with, 
the  upper  margin  of  the  lateral  crico-arytenoid  muscle,  so  that  the  two  muscles 
form  a  more  or  less  continuous  sheet.  The  thyro-arytenoid  muscle  is  usually 
tlescribed  as  consisting  of  a  superficial  and  a  deep  part,  termed  respectively  the 
tliyro-arytenoideus  externus  and  the  thyro-arytenoideus  internus.  As  a  rule  these 
parts  are  more  or  less  completely  united,  and  can  only  be  isolated  from  each 
other  by  artificial  means. 

The  thyro-arytenoideus  externus  is  a  broad  muscular  layer  which  lies  immediately 
subjacent  to  the  ala  of  the  thyroid  cartilage.  Its  lower  border  is  in  contact 
with  the  lateral  crico-arytenoid 
muscle,  whilst  its  upper  border  is 
placed  at  a  higher  level  than  the 
true  vocal  cord.  The  upper  part 
of  the  muscle  is  therefore  in  rela- 
tion to  the  wall  of  the  sinus  of  the 
larynx.  The  thyro-arytenoideus 
externus  arises  in  front  from  the 
lower  half  of  the  inner  surface  of 
the  ala  of  the  thyroid  cartilage, 
close  to  the  angle,  and  also  from 
the  lateral  part  of  the  crico  - 
thyroid  membrane,  on  which  it  to 
some  extent  lies.  Its  fibres  pass 
backwards,  and  are  inserted  into 
the  outer  border  and  muscular 
process  of  the  arytenoid  cartilage, 
a  certain  number,  however,  turning 
round  this  cartilage,  and  becom- 
ing continuous  with  the  transverse 
fibres  of  the  arytenoideus  muscle. 

A  considerable  number  of  the 
uppermost  fibres  of  the  thyro- 
arytenoideus  externus,  as  they  pro- 
ceed backwards,  curve  upwards  so 
as  to  form  a  thin   band  which 

reaches  the  aryteno-epiglottidean  fold  and  the  margin  of  the  epiglottis, 
constitute  the  thyro-epiglottidean  muscle. 

The  thyro-arytenoideus  internus  is  a  slender,  three-sided,  muscular  band  whicli 
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Wall  op  the  Larynx. 


The  right  ala  of  the  thjToifl  cartilage  has  been  reinovei 
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is  applied  to  the  outer  aspect  of  the  true  vocal  cord,  and  receives  its  prismatic  form 
from  this  adaptation.  It  arises  in  frout  from  the  angular  depressiun  l)etween  the 
two  ake  of  the  thyroid  cartilage,  and  is  inserted  behind  into  the  outer  aspect  of  the 
processus  vocalis  and  also  into  the  adjoining  depressed  part  of  the  antero-external 
surface  of  the  arytenoid  cartilage.  The  thyro-arytenoideus  internus  is  somewhat 
thicker  l)ehind  than  in  front.  This  is  due  to  the  fact  that,  whilst  all  the  fibres 
which  compdse  it  are  attached  to  the  arytenoid  cartilage,  only  a  certain  ])roportion 
ol)tain  attachment  in  front  to  the  thyroid  cartilage.  A  large  number  of  the  deeper 
fil)res  are  directly  hxetl  at  different  points  to  the  outer  side  of  the  true  vocal  cord. 
These  constitute  the  ary-vocalis  muscle  (Ludwig). 

The  tliyro-ai'ytenoideU!3  is  a  very  complicated  muscle,  and  the  above  description  can  only  )>e 
regai'ded  as  conveying  in  a  general  way  what  may  l)e  regarded  as  the  more  usual  arrangement 
oi  its  fil)res.  It  is  subject  to  nuich  variation  and  to  very  different  degrees  of  development  in 
different  sulijects.  As  a  rule  it  is  possil>le  to  trace  from  Ijotli  parts  of  the  nuiscle  filn-es  which 
are  carried  ol)liquely  upwards  over  the  sinus,  and  to  some  extent  also  over  the  saccuhis  laryngis. 
Further,  an  additional  part,  termed  the  thyro-arytenoideus  superior,  is  not  infrequently  present. 
This  is  a  slender  hand  which  arises  from  the  inner  as2)ect  of  the  ala  of  the  thyroid  cartilage  close 
to  the  notch,  and  passes  l)ackwards  and  downwards  to  find  insertion  into  the  lateral  l)order  of  the 
arytenoid  cartilage  immediately  above  the  ]>rocessus  inusculai'is. 

The  arytenoideus  muscle  is  composed  of  two  portions — a  superficial  ])art,. 
terme<l  the  arytenoidtuis  oliliquus,  and  a  deeper  part,  called  the  arytenoideus 
transversus. 

The  arytenoideus  oblictuus  consists  of  two  bundles  of  muscular  fibres,  each  of 
which  springs  from  the  posterior  aspect  of  the  muscular  process  of  tlie  arytenoid 
cartilage.  From  these  points  the  two  fleshy  slips  proceed  upwards  and  inwards,, 
and  cross  each  other  in  the  mesial  plane  like  the  two  lindjs  of  the  letter  X- 
Reaching  the  sunnuit  of  the  arytenoid  cartilage  on  each  side,  many  of  the  fil)res  are: 
inserted  into  it,  whilst  the  remainder  are  prolonged  round  it  into  the  aryteno- 

epiglottidean  fold.  Here  they  receive  tlie 
name  of  the  aryteno-epiglottidean  muscle,, 
and  as  they  approach  the  e])iglottis  they 
are  joined  liy  the  fibres  of  the  thyro- 
epiglottidean  muscle.  The  oblique  ary- 
tenoid muscles  may  therefore  l)e  regarded 
as  forming  a  riulimentar}'  sphincter  muscle 
for  the  superior  aperture  of  the  larynx. 
Each  ])undle,  starting  from  the  base  of  one 
of  the  arytenoid  cartilages,  is  prolonged 
into  the  aryteno-ei)igiottidean  fold  of  the 
opposite  side,  and  within  this  to  the 
margin  of  the  epiglottis.  The  arytenoideus 
transversus  is  an  unpaired  muscle.  It  is 
composed  of  transverse  fibres  which  liridge 
across  the  interval  l)etween  tlie  tw(j  ary- 
tenoid cartilages,  and  occupy  their  posterior 
concave  surfaces.  To  a  large  extent  tliese 
fibres  are  inserted  into  the  posterior  aspect 
of  the  outer  border  of  each  arytenoid  car- 
tilage, ])ut  many  turn  rouiul  this  ])order 
and  become  continuous  with  the  fi))res  of 
the  thyro-arytemud  muscle.  It  follows 
from  this  that  the  arytenoideus  transversus  and  the  two  thyro-arytenoid  muscles 
are  sometimes  spoken  of  as  tlie  sphincter  of  the  glottis. 

Action  of  the  Laryngeal  Muscles.— By  the  action  of  the  laryngeal  nuiscles  the 
position  and  tension  of  the  true  vocal  cords  are  so  influenced  that,  during  the  ])assage  of 
air  through  the  larynx,  the  tone  and  the  pitch  of  the  voice  is  deterniincd.  Tcnsinn  of  the 
true  vocal  cords  is  produced  by  the  contraction  of  the  two  crico-thyroid  muscles.  Tiie 
anterior  or  oblique  portions  of  the  nuiscles  pull  the  lower  border  of  tfie  thyroid  cartilage 
downwards,  whilst  the  po.sterior  iiorizoutal  portions,  through  their  insertion  into  tlie 
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inferior  cornua,  draw  the  thyroid  cartilage  forwards,  thereby  increasing  the  distance 
between  the  angle  of  the  thyroid  cartilage  and  the  vocal  processes  of  tlic  arytenoid  car- 
tilages. When  the  crico-thyroid  muscles  cease  to  contract,  the  relaxation  of  the  cords  is 
brought  about  by  the  elasticity  of  tiie  ligaments.  The  thyro  arytenoid  muscles  must  be 
regarded  as  antagonistic  to  the  crico-thyroid  muscles.  Wiien  they  contract  they  approxi- 
mate the  angle  of  the  thyroid  cartilage  to  the  arytenoid  cartilages,  and  still  further  relax 
the  true  vocal  cords  ;  and  when  they  cease  to  act  the  elasticity  of  the  ligaments 
of  the  larynx  again  restore  the  state  of  equilibrium.  The  ary-vocales  muscles, 
by  the  insertion  of  their  fibres  into  the  true  vocal  cords,  may  tighten  portions  of  these 
cords,  whilst  they  relax  at  the  same  time  the  parts  behind. 

The  iviclth  of  the  rima  glottidis  is  regulated  by  tlie  arytenoideus  muscle,  which  draws 
together  the  two  arytenoid  cartilages,  and  this  may  be  done  so  effectually  that  the  inner 
surfaces  of  these  cartilages  come  into  contact ;  the  glottis  respiratoria  is  thus  com- 
pletely closed.  The  lateral  and  posterior  crico-arytenoid  muscles  also  modify  the  width 
of  the  rima  glottidis.  When  they  act  together  they  assist  the  arytenoideus  muscle  in 
closing  tlie  glottis,  but  when  they  act  independently  they  are  antagonistic  muscles.  Thus 
tlie  posterior  crico-arytenoid  muscles,  by  drawing  the  muscular  processes  of  the  ai'ytenoid 
cartilages  outwards  and  backwards,  swing  the  processus  vocales  and  the  vocal  cords  out- 
wards, and  thereby  open  the  rima.  The  lateral  crico-arytenoid  muscles  act  in  exactly  the 
opposite  manner.  By  drawing  the  muscular  processes  of  tlie  arytenoid  cartilages  forwards 
and  inwards,  they  ajiproximate  the  pi'ocessus  vocales  and  close  the  rima. 

Closure  of  the  Larynx  during  Deglutition. — But  the  muscles  of  the  larynx 
have  another  function  to  perform  besides  vocalisation  and  regulating  the  amount  of  air 
passing  to  and  fro  through  the  glottis.  During  deglutition  it  is  requisite  that  the  com- 
munication between  the  pharynx  and  larynx  should  be  closed,  so  as  to  prevent  the 
fluid  or  solid  parts  of  the  food  entering  the  respiratory  passages.  Formei-ly  it  was  believed 
that  this  was  effected  by  the  folding  back  of  the  epiglottis  ;  that  in  fact  the  epiglottis,  dur- 
ing the  passage  of  the  food,  is  ap])lied  like  a  lid  over  the  entrance  into  the  vestibule  of  the 
larynx.  The  observations  of  Professor  Anderson  Stuart  would  seem  to  indicate  that  this 
view  is  incorrect.  According  to  Professor  Stuart  it  is  not  the  anterior  wall  of  the  vestibule 
which  moves ;  the  epiglottis  stands  erect,  whilst  the  posterior  wall  formed  by  the 
arytenoids  is  carried  forwards.  In  the  jjrocess  of  closing  the  laryngeal  entrance  the  aryte- 
noid cartilages  are  closely  approximated,  glide  forwards,  and  are  then  inclined  towards  the 
epiglottis.  Tlie  result  of  this  is  that  the  laryngeal  opening  is  converted  into  a  T-shaped 
fissure.  The  mesial  limb  of  the  T  is  formed  by  the  interval  between  the  closely-applied 
arytenoid  cartilages,  whilst  the  cross  limb,  which  lies  in  front,  is  bounded  anteriorly  by  tlie 
epiglottis  and  behind  by  the  aryteno-epiglottidean  folds.  The  apices  of  the  arytenoid 
cartilages,  with  the  cartilages  of  Santorini,  are  pressed  against  the  cushion  of  the  epiglottis, 
whilst  the  lateral  margins  of  the  epiglottis  are  pulled  backwards  so  as  to  make  the  trans- 
verse limb  of  the  fissure  distinctly  concave  in  a  backward  direction.  The  muscles  chiefly 
concerned  in  producing  these  movements  are  the  external  thyro-arytenoid  and  the  trans- 
verse arytenoid  muscles.  These  foi'm  a  true  sphincter  vestibuli.  The  thyro-ary-epiglotti- 
dean  muscles  also  come  into  play.  They  pull  upon  the  epiglottis  so  as  to  produce  tight 
application  of  its  cushion  to  the  arytenoid  cartilages  and  the  cartilages  of  Santorini,  and 
they  also  curve  its  margins  backwards  so  as  to  increase  its  posterior  concavity. 

Vessels  and  Nerves  of  the  Larynx.— Two  branches  of  the  vagus  nerve,  viz.  the  superior 
iaryngeal  and  the  recuri-eiit  laryngeal  nerves,  supply  the  larynx.  The  superior  laryngeal  divides 
into  the  internal  and  external  laryngeal  liranches.  The  external  laryngeal  nerve  supplies  the 
frieo-thyi'oid  niuscle  ;  whilst  the  internal  laryngeal  nerve  enters  the  larynx  )iy  piercing  the 
lateral  part  of  tlie  tliyro-liyoid  membrane  to  sujjply  the  laryngeal  mucous  iiieiubrane.  The  re- 
'Current  laryngeal  nerve  reaches  the  larynx  from  helo\\-,  and  suj^plies  all  the  intrinsic  laryngeal 
juuscles  with  tlie  fXce])tion  of  the  ci'ico-thyroid. 

The  superior  laryngeal  artery,  a  branch  of  the  .superior  thyroid,  accompanies  the  internal 
laryngeal  nerve  ;  whilst  the  inferior  laryngeal  artery,  which  springs  from  the  inferior  thyroid, 
;accoini)anies  the  recurrent  laryngeal  nerve.  These  two  vessels  ramify  in  the  laryngeal  wall  and 
.sujiply  tile  mucous  nienibrane,  the  glands,  and  muscles. 

Growth- Alterations,  and  Sexual  Differences  in  the  Larynx.— A  considerable 
amount  of  variation  may  be  noticed  in  the  size  of  the  larynx  in  different  individuals. 
This  is  quite  independent  of  stature,  and  explains  to  a  great  extent  the  difference  in  the 
pitch  of  the  voice  which  is  observable  in  different  persons.  But  quite  apart  from  these 
individual  variations,  there  is  a  marked  sexual  difference  in  the  size  of  the  larynx.  The 
male  larynx  is  not  only  absolutely  but  also  relatively  larger  than  the  female  larynx.  This 
is  noticeable  in  all  its  diameters,  but  more  particularly  in  the  antero-jjosterior  diameter, 
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and  to  a  large  extent  the  increase  in  the  hitter  direction  is  produced  by  the  strong  develop- 
ment of  the  laryngeal  angle  or  pomum  Adami  in  the  male.  The  great  antero-posterior 
diameter  of  the  male  larynx  necessarily  implies  a  greater  length  of  the  vocal  cords  and  a 
lower  or  deeper  tone  of  the  voice  than  in  the  female. 

In  the  newly-born  child  the  larynx,  in  comparison  with  the  rest  of  the  body,  is  some- 
what large  (C.  L.  Merker),  and  it  continues  to  grow  slowly  and  uniformly  up  to  the  sixth 
year  of  childhood.  At  this  period  there  is  a  cessation  of  growth,  which  persists  until 
puberty  is  reached,  and  then  a  stage  of  active  growth  supervenes.  Up  to  this  time  the 
larynx  in  both  sexes  is  similar  in  its  characters,  and  although  the  growth  which  now 
occurs  affects  both  the  male  and  the  female  larynx,  it  is  much  more  rapid  and  nuich  more 
accentuated  in  the  male  than  in  the  female.  As  a  result  of  this  the  voice  of  the  male 
breaks  and  assumes  its  deep  tone, 

It  is  interesting  to  note  that  the  growth  activity  of  the  larynx  at  puberty  is  intimately 
connected  with  the  development  of  the  sexual  organs.  In  an  individual  who  has  been 
castrated  when  young  the  larynx  attains  a  size  which  exceeds  that  of  the  female  only  to 
a  very  small  degree,  and  the  high  pitch  of  the  voice  is  retained. 

Appearance  presented  by  the  Interior  of  the  Larynx  when  examined  by  the  Laryngo- 
scope.— Wliuii  tlie  cavity  of  the  larynx  is  illuminated  and  examined  by  the  laryngoscopic  mirror 
the  ])arts  wliich  surround  the  superior  aperture  or  the  larynx,  as  well  as  tlie  interior  of  the  organ, 

come    into  view. 
^      ^     ^°  Not  only  this,  but 

when  the  vocal 
cords  are  widely 
separated  it  is  pos- 
—  11  sible  to  inspect  til 
interior  of  the 
trachea  as  low 
down  as  its  bifur- 
cation. 

In  such  an  exa- 
mination the 
arched  upper 
border  of  the  epi- 
glottis constitutes 
a  conspicuous 
object,  whilst, 
behind  this,  the 
bulging  on  the 
anterior  wall  of- the 
vestibule,  formed 
by  the  cushion  of 
the  epiglottis,  may 
constitute  a  feature 
of     the  i:)icture. 

Tlie  middle  glosso-epiglottidean  ligament,  with  the  vallecular  fossa  on  either  side  of  it,  can  also 
be  inspected  in  the  interval  lietween  the  epiglottis  and  the  base  of  .the  tongue.  Tlie  shariJ  ary- 
epiglottidean  folds  are  clearly  visible,  and  in  the  back  portion  of  each  of  these  can  be  seen  the 
two  prominent  tubercles  which  are  formed  by  the  enclosed  cuneiform  cartilage  and  the  cartilage 
of  Santorini.  Behind  these  tubercles  is  the  ])osterior  wall  of  the  pharynx,  whilst  to  their  outer 
side  the  deej)  sinus  pyriformis  may  be  seen.  In  the  interior  of  the  larynx  the  false  and  the  trut- 
vocal  cords  are  easily  recognised,  and  the  interval  between  the  false  and  the  true  cord,  or,  in 
other  words,  the  entrance  into  the  laryngeal  sinus,  appears  as  a  dark  line  on  tlie  side  wall  of  the 
larynx.  The  false  vocal  cords  are  red  and  flesliy-looking ;  the  true  vocal  cords  during  phouatioii 
are  tightly  stretched  and  pearly  white — the  white  colour  being  usually  more  a])])arent  in  the 
female  than  in  the  male.  The  outline  and  yellowish  tinge  of  the  j)rocessus  vocalis  at  Its  attach-, 
ment  to  the  true  vocal  cord,  as  well  as,  to  a  slight  extent,  the  outline  of  the  fore  jjart  of  the  base 
of  the  arytenoid  cartilage,  can  in  a  successful  laryngoscopic  examination  be  made  out.  The  true 
vocal  cords  during  ordinaiy  insi)iration  are  seldom  at  rest,  and  with  the  laryngoscoi)e  their  move- 
ments may  be  studied.  It  should  be  borne  in  mind  that  the  picture  afforded  by  the  laryngoscoju: 
does  not  give  a  true  idea  of  the  level  at  which  the  different  parts  lie.  The  cavity  appears  gieatly 
shortened,  and  its  de})tli  diminished. 


Fic.  624. — Cavitv  of  the  Larynx,  its  seen  by  means  of  the  laryngoscope. 

A.  Tlie  rima  glottidis  closed.  B.  The  riina  glottidls  widely  open 

1.  Rings  of  the  trachea.  .i.  Laryngeal  sinus. 

•2.  Proces.sus  vocalis  of  the  (i.  Vallecula. 

arytenoid  cartila.t;e.  "7.  True  vocal  cord. 

3.  Aryteno-epiglottidean  fold.  S.  Cushion  {)f  epiglottis. 

4.  .Sinus  pyriformis.  9.  Middle  glosso-eiiiglottideau  UM 


10.  Base  of  tongue. 

11.  Epiglottis. 

12.  False  vocal  cord. 

13.  Cuneiform  tubercle. 

14.  Tubercle  of  Santorini 


THE  TRACHEA. 

The  trachea  or  windpipe  is  a  wide  tube  which  is  kept  permanently  patent  by 
a  series  of  cartilaginous  rings  embedded  in  its  wall.  These  rings  are  deficient 
posteriorly,  and  consequently  the  tube  is  not  completely  cylindrical :  its  hinder 
wall  is  Hatteued.    The  trachea  begins  above  at  the  lower  border  of  the  cricoid 
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Thyroid  cartilage 


-Crico-thyroid  membrane 


Part  of  trachea  covered  by 
isthmns  of  thyroid  body 


cartilage,  and  opposite  the  lower  margin  of  the  sixth  cervical  vertebra.  From  this 
it  extends  downwards  through  the  lower  part  of  the  neck  into  the  superior  media- 
stinum of  the  thorax,  in  which  it  ends  at  the  level  of  the  upper  border  of  the  fifth 
^dorsal  vertebra  hj  dividing  into  the  right  and  left  bronchus.  The  length  of  the 
trachea  in  the  male  is  from  four  to  four  and  a  half  inches,  and  in  the  female  from 
three  and  a  half  to  four  inches,  but  even  in  the  same  individual  it  varies  consider- 
al)ly  in  length  with  the  movements  of  the  head  and  neck. 

The  lower  eud  of  the  trachea  is  fixed  in  position.  This  is  a  necessary  provision  to 
prevent  dragging  on  the  roots  of  the  hmgs  during  movements  of  the  head  and  neck. 
The  remainder  of  the  tube  is  surrounded  by  a  quantity  of  loose  areolar  tissue,  and 
possesses  a  considerable  amount  of  mobility.  Further,  its  wall  is  lughly  elastic,  and  thus 
when  the  head  is  thrown  back  the  tube  elongates  through  stretching,  and  when  the  chin 
is  depressed  its  length  is 
diminished  by  the  recoil  of  its 
wall. 

The  trachea  does  not 
present  an  absolutely  uni- 
form calibre  throughout  its 
wliole  length.  About  its 
middle  it  exhibits  a  slight 
expansion  or  dilatation,  and 
from  this  the  calibre  dimin- 
ishes in  an  upward  and  a 
downward  direction.  Close 
to  the  bifurcation  it  is  again 
slightly  expanded  (Braune 
and  Stahel). 

These  differences  in  the 
calibre  of  the  tube  are  in  some 
measure  determined  by  the 
surroundings  of  the  trachea. 
The  upper  part  is  apparently 
narrowed  through  its  being 
clasped  by  the  thyroid  body. 
Further,  a  short  distance  above 
the  bifurcation  an  impression, 
sometimes  strongly  mar'ked,  is 
frequently  seen  on  the  left 
side  of  tiie  trachea.  This  is 
due  to  the  close  contact  of  the 
aortic  arch  as  it  passes  back- 
wards against  this  part  of  the 
tube.  It  is  therefore  probable 
that  the  second  slight  diminu- 
tion in  calibre  which  is  de- 
scribed hj  Braune  and  Stahel 
is  produced  by  the  proximity 
of  the  aorta.  Lejars  gives  the 
average  antero -posterior  dia- 
meter of  the  trachea  in  the 
living  person  as  11  mm.,  and 
the  transverse  diameter  as 
12-5  mm.  In  the  dead  subject 
the  lumen  of  the  tvibe  is  con- 
siderably greater. 

The  trachea  adheres  rigor- 
ously to  the  median  line 


^Hyparterial  bronchus 
'^Pulmonary  artery 

Fic.  625. — The  Tkache.v  .\nd  Bronchi. 
The  thyroid  body  is  indicated  by  a  dotted  Hne. 


except  towards  its  lower  end,  where  it  deviates  very  slightly  to  the  right.  As  it 
descends  it  recedes  rapidly  from  the  surface.  This  is  due  to  its  following- tlie 
curvature  of  the  vertebral  column,  from  which  it  is  separated  by  tlie  cesophagus  alone: 
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Left  coiimiOM 
carotid  artery 

Vagus  nerve 

Ijeft  suljclavian  artery 

Thoracic  duct 


Left  coimnon 
carotid  artery 


Vagus  iier\e 
L.  subclavian  artery 

Left  recurrent, 
laryngeal  nerve 


ConinioM  carotiil  artery 

Inferior  thyroid  artery 
1*1^' .  Hecurrent  laryngeal  nerve 
ii'izfi^GCsopliagu  s 


Innominate  artery 
(X_Vag^s  nerve 

Pleura 


Flirenic  nervi 


Relations  of  the  Trachea. — In  the  study  of  the  relations  of  the  trachea  it  is 
convenient  to  consider  it  in  the  two  stages  of  cervical  and  tlioracic. 

Wlien  the  chin  is  held  so  that  the  face  looks  forwards  the  cervical  part  of  the 
trachea  measures  from  2  to  2h  inches  in  length;  hut  when  the  head  is  thrown 

Thyroid  body  h&ck  the  length  is  consider- 

Trachea 

3 


ably  increased.  In  its  upper 
part  the  trachea  is  clasped  by 
the  tliyroid  body,  the  isthmus 
of  which  is  applied  to  its 
anterior  surface,  and  covers 
the  second,  third,  and  f(;urth 
rings,  whilst  on  each  side 
the  lateral  lobe  of  the  same 
body  is  ap})lied  to  its  lateral 
surface,  and  extends  down- 
wards as  low  as  the  fifth  ring. 
On  eitlier  side  of  the  cervical 
trachea  is  the  common  carotid 
arter}',  whilst  the  recurrent 
laryngeal  nerve  ascends  in 
the  groove  between  the 
trachea  and  the  oesophagus. 
Posteriorly  the  trachea  is  in 
relation  to  the  oesophagus, 
whicli  intervenes  between  it 
and  the  bodies  of  the  verte- 
brae, and  deviates  somewhat 
to  the  left  as  it  descends. 

In  addition  to  the  isthmus 
of  the  thyroid  l)ody  two  thin 
muscular  strata,  composed  of 
the  sterno-hyoid  and  sterno- 
thyroid muscles,  and  also  tlu! 
deep  fascia  and  integument, 
separate  the  cervical  trachea 
from  the  surface.  In  the 
middle  line  of  the  neck  there 
is  a  narrow  diamontl-shaped 
space  l)etween  the  inner 
margins  of  these  muscles, 
within  which  the  trachea  is 
merely  covered  by  the  integu- 
ments and  fascife.  It  is  im- 
portant to  note  that  in  the 
lower  part  of  the  neck  the 
deep  cervical  fascia  is  in  two 
layers — viz.  a  strong  stratum 
applied  to  the  anteriorsurface 
of  the  sterno  -  hyoid  and 
sterno- thyroid  muscles,  and 
a  weaker  superficial  layer 
stretching  across  between  the 


Intercostal  arteries 
Vena  azygos  major 


liifurcatiou 
of  trachea 

jarterial  bronchus 
er\'e 

irtery 
major 


Thoracic  t 


Fig.  626. — Transvekse  Sections  throngli  the  tra<:liea  and  its  imme- 
diate surroundings  at  tlie  level  of  each  of  the  upper  five  dorsal 
vertebriE. 


two  sterno-mastoid  muscles. 
Beneath  these  muscular  and 
fascial  layers  the  inferior  thyroid  veins  descend  on  the  surface  of  the  tracliea,  and 
sometimes  tlie  occasional  thyroidea  ima  artery  passes  upwards  in  front  of  the  tube. 
At  the  upper  liorder  of  the  manu))rium  sterni  the  innominate  artery  may  be  seen 
crossing  the  trachea  obliquely. 

Tlie  thoracic  part  of  the  trachea  is  situated  in  the  liack  part  of  the  superior 
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mediastinum,  bein_<?  separated  from  the  bodies  of  the  vertebrae  by  the  oesophagus 
alone.  Immediately  above  its  bifurcation  the  deep  cardiac  plexus  of  nerves  is 
placed  in  front  and  on  either  side  of  the  trachea.  At  the  level  of  the  fourth  dorsal 
vertebra  the  aortic  arch  is  very  intimately  related  to  it.  At  first  in  front  of  the 
tube,  the  aortic  arch  passes  Itackwards  in  close  contact  with  its  left  side.  The 
three  great  vessels  which  spring  from  the  aortic  arch  are  also  placed  in  close  proximity 
to  the  trachea.  The  innominate  and  left  common  carotid  arteries,  at  fii'st  in  front, 
gradually  diverge  as  they  proceed  upwards  and  come  to  lie  on  either  side  of  the 
tul)e — the  innominate  to  the  right,  and  the  left  common  carotid  to  the  left.  In 
front  of  these  vessels  are  the  left  innominate  vein  and  the  remains  of  the  thymus 
body.  On  the  right  side  the  tlioracic  part  of  the  trachea  is  in  relation  to  the  right 
vagus  nerve,  and  is  clothed  l)y  the  right  mediastinal  pleura ;  on  the  left  side  are 
the  left  subclavian  artery  and  the  left  recurrent  laryngeal  nerve. 

Structure  of  the  Wall  of  the  Trachea. — The  wall  of  the  trachea  and  bronchi  is 
composed  of  (1)  a  fibro-elastic  membrane  in  which  the  cartilaginous  rings  are  embedded  ; 
(2)  witliin  this,  and  on  the  posterior  aspect  of  the  tube,  a  layer  of  muscular  tissue,  termed 
the  muscuhis  trachealis ;  and  (3)  the  lining  mucous  membrane. 

The  fibro-elastic  membrane  is  strong  and  dense,  and,  passing  round  the  whole  circimi- 
ference  of  the  tube,  it  becomes  continuous  superiorly  with  the  perichondrium  which 
invests  the  cricoid  cartilage.  Embedded  in  its  substance  are  the  series  of  cartilaginous 
rings.  These  vary  in  number  from  15  to  20,  and  are  composed  of  hyaline  cai'tilage. 
They  are  horseshoe-shaped,  the  posterior  fourth  of  the  circumference  being  deficient,  so 
that  behind,  each  ring  ends  in  two  rounded  extremities.  The  external  surface  of  a  tracheal 
ring  is  flat  and  even,  and  does  not  project  much  beyond  the  level  of  the  membrane  in 
which  it  is  embedded  ;  the  inner  surface,  however,  is  convex  in  the  vertical  direction,  and 
consequently  it  bulges  slightly  into  the  lumen  of  the  trachea.  The  intervals  between  the 
rings  are  somewhat  narrower  than  the  rings  themselves,  and  neighbouring  rings  frequently 
show  a  more  or  less  complete  fusion,  whilst  others  present  other  irregularities,  such  as  a 
tendency  to  bifurcate.  The  lowest  ring  is  specially  adapted  to  the  tracheal  bifurcation. 
In  the  middle  line  in  front  it  inclines  downwards,  and  from  this  median  peak  a  cartilaginous 
strip  is  carried  backwards  in  the  fork  between  the  two  bronchi. 

The  musculus  trachealis  is  a  continuous  layer  of  involuntary  muscular  tissue  placed 
in  the  posterior  part  of  the  wall  in  front  of  the  fibro-elastic  membrane.  The  muscular 
bundles  are  arranged  transversely,  and  are  attached  to  the  extremities  of  the  rings,  and 
also  to  the  deep  surface  of  the  rings  for  a  short  distance  beyond  their  extremities.  In  the 
intervals  between  the  rings  the  transverse  muscular  bundles  are  attached  to  the  fibro- 
elastic  membrane.  It  is  evident  that,  by  its  contraction,  this  muscle  will  reduce  in  a 
marked  degree  the  lumen  of  the  tube. 

The  mucous  membrane  is  laid  smoothly  over  the  interior  of  the  tube  upon  a  layer  of 
submucous  areolar  tissue.  Lymphoid  tissue  enters  largely  into  the  composition  of  the 
tracheal  mucous  membrane,  and  its  inner  surface  is  lined  by  columnar  ciliated  epithelial 
cells.  The  action  of  the  cilia  exercises  an  important  influence  in  producing  an  upward 
movement  of  the  mucus  which  is  present  on  the  surface  of  the  mucous  membrane. 

Numerous  longitudinal  bundles  of  elastic  tissue  are  present  in  the  posterior  wall  of 
the  trachea,  more  particularly  in  its  lower  part,  between  the  mucous  membrane  and  the 
nuisculus  trachealis. 

In  connexion  with  the  nnicous  membrane  there  is  a  plentiful  supply  of  acinose  mucous 
glands.  These  are  placed  in  the  submucous  tissue,  and  also  on  the  posterior  aspect  of  the 
tube  on  the  exterior  of  the  musculus  trachealis  as  well  as  amidst  its  muscular  bundles. 
They  send  their  ducts  to  the  surface  of  the  mucous  membrane,  where  they  open  by 
trumpet-shaped  mouths. 

THE  BRONCHI. 

The  two  bronchi  proceed  ol)liqnely  downwards  and  outwards  from  the  termina- 
tion of  the  trachea,  each  towards  the  hilus  of  the  corresponding  lung.  Like  the 
trachea  they  are  kept  permanently  patent  by  the  presence  of  cartilaginous  rings  in 
their  walls.  These  rings  are  deficient  posteriorly,  so  that  the  bronchi  exhibit  a 
flattened  posterior  surface  in  every  respect  similar  to  the  trachea.  The  two 
bronchi  differ  from  each  other,  not  only  in  the  relations  which  they  present  to  sur- 
rounding structures,  but  also  in  length,  in  width,  and  in  the  direction  which  they 
pursue  (Fig.  625,  p.  923). 
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The  first  collateral  branch  arises  from  the  right  bronchus,  much  nearer  the 
trachea  than  in  the  case  of  the  left  bronchus.  It  is  this  which  determines  the 
length  of  these  primary  divisions  of  the  trachea,  and  although  there  is  much  varia- 
tion in  this  matter,  it  may  be  said  that,  as  a  rule,  the  left  bronchus  is  at  least  twice 
as  long  as  the  right  bronchus.  According  to  Henle  there  are  from  six  to  eight 
rings  in  the  right  and  from  nine  to  twelve  rings  in  the  left  bronchus.  A  marked 
difference  is  also  noticeable  in  the  calibre  of  the  two  tubes.  The  right  bronchus 
is  wider  than  the  left  in  the  proportion  of  100 : 78-4  (Braune  and  Stahel),  and  this 
asymmetry,  is  clearly  due  to  the  fact  that  the  right  lung  is  more  bulky  than  the 
left.  The  right  bronchus,  as  it  passes  towards  the  hilus  of  the  right  lung,  takes 
a  more  vertical  course  than  the  left  bronchus.  It  therefore  lies  more  in  the  line 
of  the  trachea,  and  to  this,  as  well  as  to  its  greater  width,  is  due  the  greater 
tendency  which  foreign  bodies  exhibit,  when  introduced  into  the  trachea,  to  drop 
into  the  right  in  preference  to  the  left  bronchus.  The  average  angle  wliich  the 
right  l)ronchus  forms  with  the  median  plane  is  24'8°,  whilst  the  angle  formed  bv 
the  left  bronchus  with  the  median  plane  is  45-6°.  The  more  horizontal  course  of 
the  left  bronchus  is  probably  determihed  by  the  marked  projection  of  the  heart  to 
the  left  side  of  the  mesial  plane  (Merkel). 

Relations  of  the  Bronchi. — Arching  forwards  over  the  right  bronchus  is  the 
vena  azygos  major,  whilst  arching  backwards  over  the  left  Ijronchus  tliere  is 
the  arch  of  the  aorta.  Occupying  the  interval  between  the  l)ronchi  there  is  a 
cluster  of  bronchial  lymphatic  glands,  and  an  irregular  chain  of  similar  glands  is 
carried  along  each  tube  towards  the  lung.  On  the  posterior  aspect  of  each  bronchus 
the  vagus  nerve  breaks  up  into  the  posterior  pulmonary  plexus,  whilst  the  left 
l)ronchus,  as  it  proceeds  downwards  and  outwards,  crosses  in  front  of  the  cesophagus 
and  the  descending  thoracic  aorta.  But  perhaps  the  most  interesting  relation  is 
that  presented  on  each  side  by  the  corresponding  pulmonary  artery.  On  the  left 
side  the  pulmonary  artery  crosses  in  front  of  the  left  bronchus  above  the  level  of  its 
first  collateral  branch,  and  then  turns  round  its  outer  side  to  gain  its  posterior  aspect. 
All  the  left  bronchial  branches,  therefore,  are  placed  below  the  left  pulmonary 
artery,  and  are  in  consequence  termed  hyparterial.  The  riglit  pulmonary  artery, 
on  the  other  hand,  crosses  in  front  of  the  continuation  of  the  right  l)ronchus  beLnv 
its  first  collateral  branch.  This  branch  is  therefore  termed  the  eparterial  bronchus, 
whilst  all  the  others  are  classified  as  hyparterial. 

Structure  of  the  Walls  of  the  Bronchi. — The  walls  of  the  bronchi  present  u 
structure  similar  to  that  seen  in  the  trachea. 

THE  THOKACIC  CAVITY. 

A  central  vertical  partition,  termed  the  mediastinum  thoracis,  which  extends 
from  the  vertebral  column  behind  to  the  anterior  thoracic  wall  in  front,  subdivides 
tlie  thoracic  cavity  into  two  large  lateral  chambers  which  contain  the  lungs.  From 
the  fact  of  each  of  these  chambers  being  lined  by  an  extensive  and  separate  serous 
mem})rane  called  the  pleura,  they  receive  the  name  of  tlie  pleural  cavities. 

The  mediastinum  or  intervening  partition  is  Iniilt  up  of  several  structures 
which  lie  in  or  in  close  proximity  to  the  mesial  plane.  The  more  important  of 
these  are  the  heart,  enveloped  in  its  pericardium,  the  thoracic  aorta,  with  the  great 
vessels  which  spring  from  its  arch,  the  pulmonary  artery,  and  the  great -veins  in 
tlie  neighl)ourhood  of  the  heart,  the  thymus  gland  or  its  remains,  the  trachea, 
cesophagus,  and  thoracic  duct,  and  the  pneumogastric  and  phrenic  nerves. 

The  pleural  cavities  in  which  the  two  lungs  lie  comprise  much  the  largest  part 
of  the  thoracic  cavity.  Each  is  bounded  helow  by  the  corresponding  cupola  of  the 
diaphragm ;  and  as  the  right  cupola  rises  to  a  higher  level  than  the  left,  the  right 
pleural  cavity  presents  a  smaller  vertical  depth  than  the  left.  In  front,  the  wall 
of  each  Y)leural  chamber  is  formed  by  the  costal  cartilages  and  the  sternum, 
laterally,  l)y  the  shafts  of  the  rilis  and  the  intercostal  muscles  as  far  back  as  the 
angles  of  the  ribs,  behind,  by  the  portions  of  the  ribs,  with  the  intervening  inter- 
costal muscles  which  lie  internal  to  the  costal  angles,  and  internally,  by  the  bodies 
of  the  vertebrae  and  the  mediastinal  partition  which  completely  shut  off  the  one 


THE  PLEUEAL  MEMBEANES. 


927 


chamber  from  the  other.  The  mediastinum  is  not  median  in  position.  Owing  to 
the  marked  projection  of  the  heart  to  the  left  side,  and  to  the  position  of  the 
descending  thoracic  aorta  on  the  left  side  of  the  mesial  plane,  the  left  pleural 
chamber,  although  it  is  deeper  than  the  right,  is  greatly  reduced  in  width.  The 
two  pleural  cavities,  therefore,  are  very  far  from  being  symmetrical  in  form. 

Each  pleural  cavity  is  completely  lined  by  a  separate  serous  membrane  termed 
the  pleura.  The  portion  of  this  membrane  which  clothes  the  mediastinum  or 
intervening  partition  forms  the  lateral  boundarj^  of  a  space  termed  the  mediastinal 
or  interpleural  space,  within  which  the  parts  which  build  up  the  mediastinum  are 
placed. 

THE  TWO  PLEUEAL  MEMBEANES. 

The  pleura  or  pleural  memlDrane  of  each  side  not  only  lines  the  corresponding 
pleural  cavity,  but  at  the  pulmonary  root  it  is  prolonged  on  to  the  lung  so  as  to 
give  it  a  complete  investment.  It  is  customary,  therefore,  to  recognise  a  visceral 
or  investing  part  (pleura  visceralis)  and  a  parietal  or  lining  part  (pleura  parietalis). 
The  inner  surface  of  the  membrane  [i.e.  that  surface  which  is  turned  towards  the 
interior  of  the  cavity)  is  coated  with  squamous  epithelium,  and  presents  a  smooth, 
glistening,  and  polished  appearance  ;  further,  it  is  moistened  by  a  small  amount  of 
serous  fluid.  In  conseq;ience  of  this  the  surface  of  the  lung  covered  by  visceral 
pleura  can  glide  on  the  wall  of  the  cavity,  lined  as  it  is  by  parietal  pleura,  with  the 
Jeast  possible  degree  of  friction.  In  the  pathological  condition  known  as  pleurisy 
the  surface  of  the  membrane  becomes  roughened  l)y  inflammatory  exudation,  and 
the  so-called  "  friction  sounds  "  become 
evident  when  the  ear  is  applied  to  the 
chest. 

Visceral  Pleura.  —  The  visceral 
pleura  is  very  thin,  and  is  so  firmly 
l;)ound  down  to  the  surface  of  the  lung 
that  it  cannot  be  detached  without 
laceration  of  the  pulmonary  substance, 
and  then  only  in  small  pieces.  It 
dips  into  the  fissures  of  the  lungs, 
lines  them  down  to  the  very  bottom, 
and  thus  completely  separates  the  dif- 
ferent lobes  of  the  lungs  from  each  other. 
The  visceral  pleura  becomes  continuous 
with  the  mediastinal  part  of  the  parietal 
pleura  over  the  root  of  the  lung,  and 
also  through  the  ligamentum  latum 
pulmonis. 

Parietal  Pleura. — Different  names 
are  applied  to  the  parietal  pleura  as  it  lines  the  different  parts  of  the  wall  of  the 
cavity  in  which  the  lung  lies.  Thus  there  is  the  costal  pleura,  the  diaphragmatic 
pleura,  the  mediastinal  pleura,  and  the  cervical  pleura ;  but  it  must  be  borne  in 
mind  that  these  terms  are  merely  used  for  convenience  in  description,  and  the 
portions  of  the  membrane  so  designated  are  all  directly  continuous  with  each 
other. 

The  cervical  pleura  rises  up  into  the  root  of  the  neck,  through  the  superior 
aperture  of  the  thorax,  and  forms  a  dome-shaped  roof  for  the  pleural  cavity.  Its 
summit  or  highest  point  reaches  the  level  of  the  lower  border  of  the  neck  of  the 
first  rib ;  but  owing  to  the  great  obliquity  of  the  first  costal  arch,  this  point  is 
placed  from  one  to  two  inches  above  the  anterior  extremity  of  the  first  rili,  and 
from  a  half  to  one  and  a  half  inches  above  the  clavicle.  The  cervical  dome  of 
pleura  is  supported  on  the  outer  side  by  the  scalenus  anticus  and  scalenus  medius 
muscles,  whilst  the  subclavian  artery  arches  over  it,  and  lies  in  a  groove  on  its  inner 
and  anterior  aspect  a  short  distance  below  its  summit.  At  a  lower  level  the 
innominate  and  subclavian  veins  also  lie  upon  its  inner  and  anterior  aspects. 


Fig.  027. — Diagram  showing  Arrangement  of 
Pleural  Sacs,  as  seen  iu  transverse  section. 
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Right  subclavian 
artery 

Right 
innominate  vein 

Innominate 
artery 


Sulcus  subclarius 


The  cervical  cul  de  sac  of  pleura  is  strengthened  and  held  in  place  by  an  aponeurotic 
expansion,  first  described  by  Sibson,  which  is  spread  over  it,  and  is  attached  to  the  inner 
concave  margin  of  the  first  rib.    This  fascia  is  derived  from  a  small  muscular  slip  which 

Right  vagus  nerve      Tracliea  (Esophagus        I.eft  subclavian  arterv  takes  Origin  from 

the  transverse  pro- 
cess of  the  seven  til 
cervical  vertebra. 

Left  vagus  nerve 

Left  common       J^l^G  COStal 
iirotid artery  pleura     is  the, 

Leftinno-  strongest  ami 
thickest  part  of 
the  parietal 
pleura.  It  lines 
the  deep  surface 
of  the  costal 
arches  and  of  the 
iutervenino-  in- 
tercostal  muscles. 
In  front  it  reaches 
the  back  of  the 
sternum,  whilst 
l)ehind  it  is 
carried  forwards 
on  the  bodies  of 
the  vertebrae.  It 
is  easily  detached 
from  the  parts 
which  it  covers, 
except  as  it  passes 
from  the  heads 
of  the  ribs  on  to 
the  vertebral 
column.  Here  it 
is  somewhat 
tightly  bound 
down. 

The  diaphragm- 
atic pleura  covers 
the  portion  of 
the  upper  surface 
of  the  diaphragm 
which  lies  to  the 
outer  side  of  the 
base  of  the  peri- 

DlSSEC'TION  OF  A  SUBJECT  HARDENED  BY  FoRlIALIX-INJECTIOX,  tO  sllOW  the    Cardiuni,    but  it 

The  anterior  and  doeS  notdipdown 

to  the  l)ottom  of 
the  narrow  in- 
terval between  the  thoracic  wall  and  the  diaphragm.  In  other  words,  a  strip  of  the 
upper  surface  of  the  diaphragm  adjoining  its  costal  attachment  is  left  uncovered. 

The  mediastinal  pleura  exteiids  backwards  from  the  posterior  surface  of  the 
anterior  thoracic  wall  to  the  vertebral  column,  and  it  clothes  the  side  of  the 
mediastinum  or  partition  intervening  between  the  two  pleural  cavities.  It  is 
continuous  with  the  pleura  costalis  of  its  own  side,  I)oth  in  front  and  liehind,  along 
two  lines  which  are  respectively  termed  the  anterior  and  posterior  lines  of  pleural 
reflection  ;  whilst  Vielow  it  becomes  continuous  witli  the  diaphragmatic  pleura  of 
its  own  side  at  the  base  of  the  pericardium. 

Above  the  level  of  the  root  of  the  lung  the  mediastinal  pleura  passes  directly 
backwards  from  the  sternum  to  the  vertebral  column.     In  this  region  the  left 


Fio.  628. 

relations  of  the  two  pleural  sacs  as  viewed  from  the  front, 
diaphragmatic  lines  of  pleural  reflection  are  exhibited  by  black  dotted  lines,  whilst 
the  outlines  of  the  lungs  and  their  fissures  are  indicated  by  the  blue  lines. 
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mediastinal  pleura  is  applied  to  tlie  arch  of  the  aorta  and  the  phrenic  and  vagus 
nerves;  to  the  left  innominate  vein,  the  left  superior  intercostal  vein,  and  the  left 
common  carotid  and  left  subclavian  arteries ;  to  the  oesophagus  and  the  thoracic 
duct.  The  right  mediastinal  pleura, 
on  the  other  hand,  is  applied,  above 
the  level  of  the  root  of  the  lung, 
to  the  upper  part  of  the  vena  cava 
and  right  innominate  vein  ;  to  the 
right  innominate  artery ;  to  the 
vena  azygos  major,  as  it  hooks 
forwards  above  the  bronchus ;  to 
the  vagus  and  phrenic  nerves  ;  and 
to  the  right  side  of  the  trachea. 

Opposite  the  root  of  the  lung, 
as  well  as  in  the  region  below  it, 
the  mediastinal  pleura  clothes  the 
corresponding  aspect  of  the  peri- 
cardium, and  is  somewhat  firmly 
attached  to  it.  As  the  phrenic 
nerve  passes  downwards  upon  the 
pericardium  it  is  likewise  covered 
over  by  the  pleura.  In  the  region 
corresponding  to  the  upper  lateral 
aspect  of  the  pericardium  the 
mediastinal  pleura  is  prolonged 
outwards,  so  as  to  form  an  invest- 
ment for  the  root  of  the  lung,  and 
become  continuous  around  the 
hilus  of  the  lung  with  the  visceral 
pleura.  Below  the  root  of  the 
lung  the  two  layers  of  pleura  which 
invest  it  come  into  apposition  with 
each  other,  and  are  prolonged  down- 
wards as  a  distinct  fold,  termed 
the  ligamentum  latum  pulmonis. 
This  fold  stretches  between  the 
pericardium  and  the  lower  part  of 
the  inner  surface  of  the  lung,  and 
ends  below  in  a  free  border. 

Behind  the  root  of  the  lung 
and  the  ligamentum  latum  pul- 
monis the  mediastinal  pleura  on 
the  right  side  is  carried  backwards 
to  the  vertebral  column  on  the 
oesophagus ;  whilst  on  the  left  side 
it  is  carried  backwards  over  the 
descending  aorta,  and  to  a  small 
extent,  in  the  region  immediately  above  the  diaphragm  and  in  front  of  the  aorta, 
over  the  lower  end  of  the  oesophagus. 

Lines  of  Pleural  Reflection. — These  are  three  in  number — viz.  the  anterior  or 
sternal,  the  posterior  or  vertebral,  and  the  lower  or  diaphi-agniatic.  The  pleural  cavities 
are  not  symmetrical.  The  left  is  longer  and  narrower  than  the  right,  and  it  thus  happens 
that  the  lines  of  pleural  reflection  do  not  accurately  correspond  on  the  two  sides  of  the 
body.  Further,  altliough  the  posterior  line  of  reflection  is  fairly  constant,  the  other  two 
reflection-lines  are  subject  to  marked  variations  in  different  subjects.  Consequently  the 
following  desci-iption  must  be  regarded  as  merely  giving  the  average  condition. 

The  posterior  or  vertebral  line  of  pleural  reflection  is  that  along  which  the  costal  pleura 
turns  forwards  from  the  vertebral  column  so  as  to  become  the  mediastinal  pleura.  On 
the  right  side,  above  the  root  of  the  lung,  the  pleura  passes  from  the  bodies  of  the  vertebrae 
59 


Fig.  629. — Lateral  View  of  the  Right  Pleuhal  Sac  in 
A  Subject  hakdened  by  Formalin -injection.  The 
bine  Hues  indicate  the  outline  of  the  right  luug,  and  also 
the  position  of  its  Assures. 
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on  to  the  right  side  of  the  trachea ;  whilst  below  this  level,  and  behind  the  peri- 
cardium, it  passes  from  the  vertebral  bodies  on  to  the  oesopiiagus.  On  the  left  side,  and 
above  the  arch  of  the  aorta  the  pleura  along  this  line  of  reflection  is  carried  from  the 
vertebral  column  on  to  the  oesophagus  and  thoracic  duct ;  below  that  level  it  passes  on 

the  upper  part  of  the  chest  the  right  and  left 
from  each  other 


to  the  descending  thoracic  aorta.  In 
lines  of  reflection  are  placed  well  apart 


Left 


and  about  equidistant  from  the 
mesial  plane.  As  they  are 
traced  downwards  the\' 
approach  uiore  closely  to 
each  other  and  deviate  tu 
the  left,  so  that  whilst  the 
reflection  on  the  n'f/ht  side 
takes  j^lace  from  the  front 
aspect  of  the  vertebral 
bodies,  on  the  left  side  it 
takes  place  from  the  left 
aspect  of  the  vertebral 
column.  This  is  due  to 
the  pcjsition  of  the  descend- 
ing thoracic  aorta. 

1'he  anterior  line  of 
pleural  reflection  is  that 
along  which  the  costal 
pleura  leaves  the  anterior 
thoracic  wall  to  become  the 
mediastinal  pleura.  The 
line  differs  somewhat  on 
the  two  sides,  and  in  both 
cases  shows  a  tendency  to 
deviate  to  the  left  (Fig.  628, 
p.  928).  Behind  the  upper 
part  of  the  manubrium 
sterni  the  two  pleural  sacs 
are  separated  from  each 
other  by  an  angular  inter- 
val. The  lines  of  reflection 
at  the  inlet  of  the  thorax 
correspond  to  the  sterno- 
clavicular joints.  From 
these  points,  as  they  are 
traced  downwards,  they 
converge  on  the  back  of  the 
manubrium,  imtil  at  last 
they  meet  a  short  distance 
above  the  upper  end  of  the 
gladiolus.  Here  the  two 
sacs  come  into  contact  with 
each  other,  and  the  lines  of 
reflection  coincide.  From 
this  they  proceed  down- 
wards on  the  l)ack  of  the 
steriutm,  with  a  slight  de- 
viation to  the  left  of  the 
mesial  plane,  until  a  point 
immediately  above  the  level  of  the  sternal  attachments  of  the  fourth  costal  cartilages  is 
reached,  and  here  the  two  sacs  part  company.  The  line  of  reflection  of  the  right  pleura  is 
continued  downwards  in  a  straight  line  behind  the  sternum  until  the  back  of  the  ensiform 
cartilage  is  reached,  and  here  the  sternal  reflection-line  passes  into  the  right  diaphragmatic 
reflection-line.  Opposite  the  sternal  attachment  of  the  fourth  costal  cartilage  the  reflection- 
line  of  the  left  jileura  deviates  outwards  on  the  back  of  the  sternum,  and  is  continued 
downwards  at  a  variable  distance  from  the  right  pleura.  A  small  triangular  area  of 
pericardium  is  thus  left  uncovered  by  pleura,  and  therefore  in  direct  contact  with  the 
anterior  chest-wall.    Leaving  the  sternum,  the  reflection-line  of  the  left  pleura  descends 


iJiairiinigm 
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Left  Pleural  Sac  in  a  Subject  hakdened  bv  Fokmalin- 
INJECTION,  opened  into  by  the  removal  of  the  co.stal  part  of  the  parietal 
pleura.  The  lung  has  also  been  removed  so  as  to  display  the  media- 
stinal pleura. 
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parallel  and  close  to  the  left  margin  of  the  sternum  behind  the  fourth  intercostal 
space,  the  fifth  costal  cartilage  and  the  fifth  intercostal  space,  to  the  V)ack  of  the  sixth 
costal  cartilage.  Here  it  turns  outwards  and  downwards,  and  passes  into  the  diaphragmatic 
reflection-line  of  the  left  side. 

From  the  back  of  the  sternum  the  right  pleura  is  reflected  in  the  upper  part  of  the 
chest  on  to  the  remains  of  the  thymus,  the  right  innominate  vein  and  the  vena  cava,  and 
below  this  directly  on  to  the  front  of  the  pericardium.  The  left  pleura  is  reflected  Ifrom 
the  back  of  the  manubrium  sterni  on  to  the  left  innominate  vein  and  the  aortic  arch,  and 
below  this  directly  on 
to  the  front  of  the 
pericardium. 

The  diaphragm- 
atic line  of  reflection 
is  that  along  which 
the  pleura  leaves  the 
thoracic  wall  and  is 
reflected  on  to  the 
upper  surface  of  the 
diaphragm.  This 
reflection  takes  place 
along  a  curved  line, 
which,  except  behind 
as  it  approaches  the 
vertebral  column,  is 
placed  a  short  dis- 
tance above  the  lower 
border  of  the  thoracic 
wall.  It  difters  some- 
what on  the  two  sides 
of  the  body. 

On  the  left  side 
the  diaphragmatic 
line  of  reflection  pro- 
ceeds downwards 
behind  the  ascending 
part  of  the  sixth 
costal  cartilage, 
crosses  behind  the 
anterior^,  end  of  the 
sixth  intercostal 
space  and  the  de- 
scending part  of  the 
cartilage  of  the 
seventh  rib  (Fig. 
630).  Still  continu- 
ing to  descend,  it 
passes  behind  the 
eighth  costal  arch  at 
the  j  unction  between 
its  cartilaginous  and 
bony  portions.  This 
is  a  fairly  constant 
relation  on  both  sides 
of  the  body,  and  it 

should  be  noted  that  a  vertical  line  drawn  downwards  from  the  nipple  (niammillaiy 
line)  intei'sects  the  line  of  pleural  reflection  close  to  the  point  where  it  presents  this 
relation  to  the  eighth  costal  arch.  Beyond  this  point  the  line  of  diaphragmatic 
reflection  is  carried  downwards  and  outwards  across  the  extremities  of  the  bony  portions 
of  the  ninth  and  tenth  ribs.  As  it  passes  under  cover  of  the  tenth  rib,  or  it  may  be  as 
it  proceeds  across  the  tenth  intercostal  space,  the  line  of  pleural  reflection  reaches  its 
lowest  point,  and  it  is  important  to  observe  that  this  point  lies  in  the  mid-lateral  line  {i.e.  a 
vertical  line  drawn  downwards  on  the  side  of  the  chest  midway  between  spine  and 
sternum).    From  this  it  ascends  slightly  as  it  curves  backwards  towards  the  spine.  Thus 


Fig.  631. — Dissection  of  the  Pleural  Sacs  from  Behind. 
The  blue  lines  iudicate  the  outlines  and  the  fissures  of  the  lungs. 
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it  cuts  across  the  eleventh  rib  and  reaches  the  twelfth  rib.  The  relation  which  it  presents 
to  the  twelfth  rib  varies  in  accordance  with  the  length  of  that  rib.  When  the  last  rib  is 
not  abnormally  short  the  pleura  clothes  its  inner  half,  and  the  line  of  reflection  falls 
below  this  portion  of  the  rib  so  as  to  reach  the  spine  midway  between  the  head  of  the  last 
rib  and  the  transverse  process  of  the  first  lumbar  vertebra  (Fig.  631).  Here,  therefore, 
the  line  of  diaphragmatic  reflection  falls  below  the  lower  border  of  the  thoracic  wall, 
and  this  is  a  point  of  high  practical  importance.  In  operations  upon  the  kidney  the 
incision  cannot  be  carried  above  the  level  of  the  transverse  process  of  the  first  lumbar 
vertebra  and  the  ligamentum  arcuatum  externum  without  the  risk  of  wounding  the  pleura. 

On  the  right  side  tlie  line  of  diaphragmatic  pleural  reflection  diff'ers  from  that  on  the 
left  chiefly  in  front  (Fig.  629,  p.  929).  Here  it  descends  to  a  lower  level.  Thus  it  pro- 
ceeds outwards  and  downwards  from  the  back  of  the  ensiform  cartilage  along  the 
posterior  aspect  of  the  ascending  part  of  the  seventh  costal  cartilage,  and  it  passes  beneath 
the  eighth  costal  arch,  as  a  rule,  at  the  same  point  as  on  the  left  side,  viz.  at  the  junction 
of  its  cartilaginous  and  bony  parts.  From  this  backwards  to  the  spine  the  relations  are 
so  similar  to  those  of  the  left  side  that  a  separate  description  is  unnecessary. 

It  is  commonly  stated  that  the  left  pleural  sac  reaches  a  lower  level  than  the  right. 
In  certain  cases  there  is  no  doubt  that  it  does,  but  this  condition  is  by  no  means  the  rule. 
In  those  cases  where  the  two  pleural  sacs  do  not  reach  the  same  level  at  their  lowest 
points,  it  is  sometimes  the  right  and  sometimes  the  left  pleura  which  oversteps  the  mark. 

As  already  stated,  the  lowest  point  to  which  the  pleura  descends  is  usually  found,  on 
both  sides,  in  the  mid-lateral  line  where  the  dia23hragmatic  reflection-line  crosses  the  tenth 
rib  or  the  tenth  intercostal  space.  This  point  can  be  very  readily  ascertained  on  the 
surface  by  drawing  a  horizontal  line  round  the  trunk  at  the  level  of  the  lower  part  of  the 
extremity  of  the  spinous  process  of  the  first  lumbar  vertebra,  and  noting  where  it  is 
intersected  by  the  mid-lateral  line.  In  the  majority  of  cases  the  point  of  intersection  will 
correspond  with  the  lowest  part  of  the  pleural  sac.  Another  horizontal  line  opposite  the 
spine  of  the  last  dorsal  vertebra  will  give  the  level  of  the  diaphragmatic  pleural  reflection 
in  the  mammillary  line.^ 

Along  the  line  of  the  diaphragmatic  reflection  a  strong  fascia  jjasses  from  the 
lower  uncovered  part  of  the  diaphragm,  and  from  the  costal  cartilages  to  the  surface 
of  the  costal  pleura,  so  as  to  hold  it  firmly  in  its  place.  It  may  be  termed  the  phrenico- 
pleural  fascia. 

MEDIASTINAL  OR  INTERPLEUEAL  SPACE. 

The  term  mediastiual  space  is  applied  to  the  interval  between  the  mediastinal 
portions  of  the  two  pleural  sacs.  In  front  it  is  bounded  by  the  sternum,  and 
loehind  by  the  vertebral  column.  It  is  customary  to  subdivide  this  space  in  a 
purely  arbitrary  manner  into  four  portions,  termed  respectively  superior,  anterior, 
middle,  and  posterior,  according  to  the  relations  which  they  present  to  the 
pericardium. 

The  superior  mediastinum  is  the  part  of  the  general  space  which  lies  above  the 
level  of  the  pericardium.  Its  boundaries  are  the  following  : — In  front,  the  manu- 
brium sterni,  to  the  posterior  aspect  of  which  are  the  attached  lower  ends  of  the 
sterno-hyoid  and  sterno-hyoid  muscles ;  behind,  the  bodies  of  the  upper  four  dorsal 
vertebrse  ;  helow,  an  imaginary  and  oblique  plane,  which  extends  from  the  lower 
border  of  the  manubrium  sterni  backwards  and  upwards  to  the  lower  border  of  the 
fourth  dorsal  vertebra  ;  laterally,  the  mediastinal  pleura. 

Within  the  superior  mediastinal  space  are  placed  (1)  the  aortic  arch  and  the 
three  great  arteries  which  spring  from  it ;  (2)  the  innominate  veins  and  the  upper- 
part  of  the  superior  vena  cava  ;  (3)  the  trachea,  gullet,  and  thoracic  duct ;  (4)  the 
phrenic,  pneumogastric,  left  recurrent  laryngeal  and  cardiac  nerves ;  (5)  the 
thymus  gland. 

The  middle  mediastinum  is  the  wide  part  of  the  space  which  contains  the 
pericardium,  and  lies  below  the  superior  mediastinum.  In  addition  to  the  peri- 
cardium and  its  contents  the  middle  mediastinum  contains  the  phrenic  nerves  and 
their  accompanying  vessels. 

1  The  above  description  represents  the  average  results  which  have  been  obtained  from  the  study  of 
the  pleura  in  a  large  number  of  subjects,  eight  of  which  were  specially  liardencd  by  formalin  or  other 
re-agents  for  tlie  purpose.  For  many  of  the  dissections  I  have  to  thank  my  former  assistant  Dr.  H. 
St.  J.  Brooks,  and  for  others  I  am  indebted  to  my  present  assistant  Dr.  C.  J.  Patten. 
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The  anterior  mediastinum  is  that  part  of  the  interpleural  space  which  lies 
between  the  pericardium  behind  and  the  sternum  in  front.  In  its  upper  part  this 
space  can  hardly  l)e  said  to  exist,  seeing  that  here  the  two  pleural  sacs  come  into 
contact  with  each  other  on  the  anterior  aspect  of  the  pericardium ;  but  below  the 
level  of  the  sternal  ends  of  the  fourth  costal  cartilages  the  left  pleura  falls  short 
of  the  right  pleura,  and  an  interval  is  apparent.  The  only  contents  to  be 
noticed  iii  the  anterior  mediastinum  are  a  few  lymphatic  glands  and  some  areolar 
tissue,  in  which  ramify  some  lymphatic  vessels,  and  some  minute  twigs  from  the 
internal  mammary  artery. 

The  posterior  mediastinum  is  that  part  of  the  interpleural  space  which  is 
situated  behind  the  pericardium.  It  may  be  regarded  as  the  continuation  down- 
wards of  the  posterior  part  of  the  superior  mediastinum,  and  many  of  the  structures 
in  the  one  are  prolonged  downwards  into  the  other.  The  arbitrary  upper  limit  of 
the  posterior  mediastinum  is  the  lower  border  of  the  fourth  dorsal  vertebra.  In 
front  it  is  bounded  ])y  the  pericardium,  except  in  its  lowest  portion,  where  the 
anterior  wall  is  formed  Ijy  the  back  of  the  diaphragm.  Behind  it  is  limited  by  the 
bodies  of  the  eight  lower  dorsal  vertebrae,  and  on  each  side  by  the  mediastinal  pleura. 
It  contains  the  descending  thoracic  aorta,  the  azygos  veins,  the  thoracic  duct  and 
the  oesophagus,  with  the  two  pneumogastric  nerves. 

Structure  of  the  Pleura. — Tlie  pleura  on  each  side  is  a  closed  sac,  and,  like  other 
serous  membranes,  it  is  attached  by  its  outer  surface  to  the  wall  of  the  cavity  which  it 
lines  and  to  the  surface  of  the  viscus. which  it  covers.  It  is  composed  of,  a  thin  connec- 
tive-tissue stratum  in  which  bundles  of  fibres  cross  each  other  in  various  directions,  and 
intermixed  with  which  there  is  a  considerable  quantity  of  elastic  tissue.  On  the  inner 
surface  of  this  there  is  a  continuous  coating  of  thin  epithelial  cells  placed  edge  to  edge. 
The  pleura  so  formed  is  attached  to  the  parts  it  lines  and  invests  by  a  small  amount  of 
areolar  tissue  which  forms  a  subserous  layer.  In  the  case  of  the  visceral  pleura  the  sub- 
serous tissue  is  continuous  with  the  areolar  tissue  in  the  substance  of  the  lung,  and  this 
accounts  for  the  tight  manner  in  which  it  is  bound  down. 

The  pleura  is  plentifully  supplied  with  blood.  This  is  conveyed  to  it  by  minute 
twigs  from  the  intercostal  arteries,  the  internal  mammary  artery,  and  the  i^ronchial 
arteries.  Lymphatic  vessels  also  are  particularly  abundant  in  the  pleura  and  in  the 
subserous  layer,  and  it  is  by  these  that  excess  of  fluid  is  conveyed  from  its  cavity.  Many 
lymphatic  vessels  communicate  directly  with  the  cavity  by  means  of  excessively  minute 
orifices  termed  stomata.  Dybkowsky  has  shown  that  the  lymphatics  and  stomata  of  the 
pleura  are  not  equally  distributed  throughout  the  membrane.  Over  the  ribs  and  on  the 
mediastinal  pleura  they  are  absent. 

THE  LUNGS. 

When  healthy  and  sound  each  lung  lies  free  within  the  corresponding  pleural 
chamber,  and  is  only  attached  by  its  root  and  the  ligamentum  latum  pulmonis. 
It  is  not  common,  however,  to  meet  with  a  perfectly  healthy  lung.  Adhesions 
between  the  visceral  and  parietal  layers  of  pleura,  due  to  pleurisy,  are  generally 
present. 

Like  the  cavities  in  which  they  are  placed,  the  two  lungs  are  not  precisely 
alike. .  The  right  lung  is  slightly  larger  than  the  left,  in  the  proportion  of  about 
11  to  10.  The  right  lung  is  also  shorter  and  wider  than  the  left  lung.  This 
difference  is  due  to  the  great  bulk  of  the  right  lobe  of  the  liver,  which  elevates  the 
right  cupola  of  the  diaphragm  to  a  higher  level  than  the  left  cupola,  and  likewise 
to  the  heart  and  pericardium  projecting  more  to  the  left  than  to  the  right,  and  thus 
diminishing  the  width  of  the  left  lung. 

The  lung  is  light,  soft,  and  spongy  in  texture ;  when  pressed  between  the 
finger  and  thumb  it  crepitates,  and  when  placed  in  water  it  floats.  The  elasticity 
of  the  pulmonary  tissue  is  very  remarkable.  A  striking  demonstration  of  this  is 
afforded  when  the  thoracic  cavity  is  opened,  and  the  atmospheric  pressure  acting 
upon  the  interior  and  exterior  of  the  lung  is  eqiialised.  Immediately  the  organ 
collapses  to  about  one-third  of  its  original  bulk,  and  it  becomes  impossible  in  such 
a  specimen  to  study  its  proper  form  and  dimensions. 

The  surface  of  the  adult  lung  presents  a  mottled  appearance.    The  ground 
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colour  is  a  light  slate-l)lue,  but  scattered  over  this  there  are  numerous  dark  patches 
of  various  sizes,  and  also  dark  intersecting  lines.  The  coloration  of  the  lung 
differs  consideral)ly  at  different  periods  of  life.  In  early  childhood  the  lung  is 
rosy-pink,  and  the  darker  colour  and  the  mottling  of  the  surface  which  appear 
later  are  due  to  the  pulmonary  sul)stance,  and  chiefly  the  interstitial  areolar  tissue 
becoming  impregnated  more  or  less  completely  with  atmospheric  dust  and  minute 
particles  of  soot. 

At  every  breath  foreign  matter  of  this  kind  is  inhaled,  but  only  a  small  projjortion  of  it 
reaches  the  lung  tissue.  The  greater  part  of  it  becomes  entangled  in  the  slimy  mucus  which 
coats  the  mucous  memln'ane  of  tlie  larger  air-passages,  and  is  gradually  got  rid  of  along  witli 
the  mucus  through  the  activity  of  the  cilia  attaclied  to  the  lining  eijitlielium.  By  the  constant 
upward  sweep  of  these  a  current  towards  the  pharynx  is  established.  The  fine  dust  and  soot 
particles  which  reach  the  finer  recesses  of  the  lungs,  and  adtimately  the  interstitial  issue,  is 
partly  conveyed  away  by  the  lymphatic  vessels  ,  to  the  bronchial  glands,  which  in  consequence 
become  in  many  cases  absolutely  black.  The  colour  of  the  lung,  therefore,  dej^ends  to  some 
extent  upon  the  purity  of  the  atmo^plxefe  which  is  inhaled,  and  it  thus  hapjiens  that  in  coal- 
miners  the  surface  of  the  lung  may  be  veryJnearly  uniformly  l)lack. 

The  foetal  lung  differs  in  a  marked  degree  from  the  lung  in  an  individual  who 
has  breathed.  After  respiration  is  fully  estaldished,  the  lung  soon  comes  to  occupy 
almost  the  whole  space  allotted  to  it  in  the  pleural  cavity ;  in  the  foetus,  on  the 
other  hand,  the  lung  is  packed  away  at  the  back,  and  occupies  a  relatively  much 
smaller  amount  of  space  in  the  thoracic  cavity.  Further,  it  is  firm  to  the  touch, 
and  sinks  in  water.  It  is  only  when  air  and  an  increased  supply  of  1dood  are 
introduced  into  the  lung  that  it  assumes  the  soft  spongy  and  Inioyant  qualities 
which  are  characteristic  of  the  adult  lung. 

Form  of  the  Lungs. — The  lungs  are  accurately  adapted  to  the  walls  of  the 
pleural  chamliers  in  which  they  are  placed,  and  in  the  natural  state  they  bear  on 


Fic.  032. — Mediastixau  Sukkacks  of  the  two  Ld.\'i:s  of 
A,  Right  Inng. 

Groove  for  vena  azygos  major. 


1.  Base. 
•2.  Fissure. 

3.  Cardiac  ilepression. 

4.  Groove  for  innominate  vein. 

5.  Groove  for  innominate  artery. 

6.  Apex  pulmonis. 


S.  Eparterial  bronchus 
9.  Pulmonary  artery  (riHlit). 

10.  Fissure. 

11.  Groove  for  aorta. 

12.  Bronchus. 


A  Subject  hardened  by  Formalin-injection. 
B,  Left  lung. 

13.  Pulmonary  artery  (left). 

14.  Apex  pulmonis. 
IT).  Groove  for  left  subclavian  artery. 

16.  Groove  for  left  innominate  vein. 

17.  Cardiac  dejiression 

18.  Fissure.  10.  Base. 


the  surface  impressions  and  elevations  which  are  an  exact  counterpart  of  the 
irregularities  on  the  walls  of  the  cavity  in  which  they  lie. 

When  care  has  been  taken  to  harden  it  i7i  situ,  each  lung  presents  an  apex 
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and  a  l>aso,  an  inner  and  an  outer  surface,  and  an  anterior  and  a  posterior 
l)order. 

The  apex  pulmonis  is  hlunt  antl  rounded,  and  rises  aliove  the  level  of  the 
ol)lique  first  costal  arch  to  the  full  height  of  the  cervical  dome  of  pleura.  It 
therefore  protrudes  upwards  through  the  thoracic  inlet  into  the  root  of  the  neck. 
The  subclavian  artery  arches  outwards  on  its  inner  and  anterior  aspects  a  short 
distance  below  its  summit,  and  a  gi'oove  (sulcus  subclavius)  corresponding  to  the 
vessel  is  apparent  upon  it.  At  a  lower  level  on  the  apex  pulmonis  a  shallower  and 
wider  groove  upon  its  inner  and  anterior  aspects  marks  the  position  of  the  innomi- 
nate and  sul)clavian  veins.  Although  these  vessels  impress  the  lung  they  are 
separated  from  it  l)y  the  cervical  pleura. 

The  basis  pulmonis  presents  a  semilunar  outline,  being  curved  arouiul  the  base  of 
the  pericardium.  It  is  adapted  to  the  upper  surface  of  the  diaphragm,  and  conse- 
(piently  it  is  deeply  hollowed  out.  As  the  I'ight  cupola  of  the  diaphragm  ascends 
higher  than  the  left,  the  l)asal  concavity  of  the  right  lung  is  deeper  than  that  of 
the  left  lung.  Laterally  and  behind,  the  l)ase  of  each  lung  is  limited  by  a  salient 
thin  margin  which  descends  for  some  distance  in  the  narrow  pleural  recess  (sinus 
phrenico-costalis)  between  the  diaphragm  and  the  chest  wall.  This  basal  margin 
of  the  lung  extends  lower  down  on  the  outer  side  and  behind  than  it  does  in  front, 
I)ut  it  falls  consideral)ly  short  of  the  bottom  of  the  phrenico-costal  sinus  of  pleura. 
Thus,  after  expiration,  it  reaches  in  the  mammillary  line  the  lower  border  of  the 
sixtli  ril) ;  in  the  axillary  or  mid-lateral  line  the  eighth  rib ;  whilst  l)ehind  it  pro- 
ceeds inwards  along  a  straight  horizontal  line  so  as  to  reach  the  vertebral  column 
at  the  level  of  the  extremity  of  the  spine  of  the  tenth  dorsal  vertebra.  During 
respiration  the  thin  basal  margin  rises  and  falls  in  the  phrenico-costal  sinus  of  the 
pleura,  l)ut  even  after  the  deepest  breath  it  never  reaches  the  lowest  limit  of  this 
recess. 

The  bases  of  the  lungs  estabHsli  important  relations  with  certain  of  the  viscera  which 
occupy  the  costal  zone  of  the  aljdoininal  cavity,  the  diaphragm  alone  intervening.  Thus 
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A  B 
Fig.  633. — Outer  or  Costal  Surfaces  of  the  two  Lungs. 
A,  Right  lung.  B,  Left  lung. 


the  base  of  the  right  lung  rests  upon  the  right  lobe  of  the  liver  ;  whilst  the  base  of  the 
left  lung  is  in  relation  to  the  left  lobe  of  the  liver,  the  fundus  of  the  stomach,  the  spleen, 
and  in  some  cases  to  the  splenic  flexure  of  the  colon. 
59  a 
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The  outer  surface  of  the  lung  (facies  costalis  pulmonis)  is  extensive  and  convex. 
It  is  accurately  adapted  to  that  part  of  the  wall  of  the  pleural  cavity  which  is 
formed  by  the  costal  arches  and  the  intervening  intercostal  muscles,  and  it  presents 
markings  corresponding  to  these.  Thus  the  imprint  of  the  ribs  appear  as  shallow 
oblique  grooves,  while  the  intercostal  spaces  show  as  elongated  intervening 
l)ulgings. 

The  inner  or  mediastinal  surface  of  the  lung  (facies  mediastinalis  pulmonis) 
presents  a  smaller  area  than  the  outer  surface.  It  is  applied  to  the  mediastinal 
septum,  and  presents  markings  in  accordance  with  the  inequalities  upon  this  (Fig. 
632,  p.  934).  Thus  it  is  deeply  hollowed  out  in  adaptation  to  the  pericardium  nY)on 
whicli  it  fits.  This  pericardial  concavity  comprises  the  greater  part  of  the  media- 
stinal surface,  and  owing  to  the  greater  projection  of  the  heart  to  the  left  side,  it  is 
much  deeper  and  more  extensive  in  the  left  lung  than  in  the  right  lung.  Above 
and  l^ehind  the  pericardial  hollow  is  the  hilus  of  the  lung.  This  is  a  wedge-shaped 
depressed  area,  within  which  the  vessels,  nerves,  and  lymphatics,  together  with  the 
lironchus,  enter  and  leave  the  organ.     Amidst  these  structures  also  are  some 

bronchial  glands.  The 
hilus  is  surrounded  by 
the  reflection  of  the 
pleura  from  the  surface 
of  the  lung  on  to  the 
pulmonary  root.  Be- 
hind the  hilus  and 
pericardial  area  there  is 
on  each  lung  a  narrow 
strip  of  the  inner  sur- 
face of  the  lung  which 
is  in  relation  to  the 
lateral  wall  of  the  pos- 
terior mediastinum. 
On  the  right  lung  this 
part  of  the  surface  is 
depressed,  and  corre- 
sponds to  the  oeso- 
phagus ;  on  the  left 
lung  it  presents  a 
broad  longitudinal 
groove,  which  is  pro- 
duced by  the  contact 
of  the  lung  with  de- 
scending thoracic 
aorta,  and  also,  close 
to  the  base,  a  small 
flattened  area  in  front 
of  this  which  is  ap- 
plied to  the  fpsophagus 
where  it  pierces  the 
diaphragm. 

The  portion  of  the 
i  n  (I  pericardiac  hollow 


Diaphragm 


Kic.  634. — SA(iiTTAL  Section  through  Left  Shoulder  and  Left  Lunc. 
inner  surface  of  the  lung  which  lies  above  the  hilus 


is  applied  to  the  lateral  aspect  of  the  superior  mediastinum,  and  the  markings 
are  accordingly  somewhat  different  on  the  two  sides.  On  the  left  lung  a  l)road 
deep  groove,  produced  by  the  aortic  arch,  curves  backwards  over  the  hilus, 
and  becomes  continuous  with  the  aortic  groove  on  the  posterior  mediastinal 
surface.  From  this  a  narrower,  deeper,  and  much  more  sharply-marked  groove 
ascends,  and  turns  outwards  over  the  apex  pulmonis  a  short  distance  from  the 
summit.  This  is  the  sulcus  subclavius,  and  it  contains  the  left  subclavian  artery 
when  the  lung  is  in  place.  In  front  of  this  a  shallow  wide  groove,  also  leading 
up  to  tlie  front  aspect  of  the  apex,  corresponds  to  the  left  innominate  vein.  In 
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Clavicle 


e.rratus  nmgmis 


Siipra-spiuatus 


the  right  lung  the  hilus  is  also  circumscribed  above  by  a  curved  groove,  but  this 
is  uarrow  and  more  distinctly  curved  than  the  aortic  groove  on  the  left  side.  It 
lodges  the  vena  azygos  major  as  it  turns  forwards  to  join  the  superior  vena  cava. 
From  the  anterior  end  of  the  azygos  sulcus  a  wide  shallow  groove  extends  upwards 
to  the  lower  part  of  the  front  of  the  apex  pulmonis.  This  is  produced  by  the 
apposition  of  the  lung  with  the  vena  cava  superior  and  the  right  innominate  vein. 
Close  to  the  summit  of  the  apex  there  is  also,  on  its  inner  aspect,  a  sulcus  for  the 
upper  end  of  the  innominate  artery. 

In  addition  to  the  hilus,  it  must  now  be  evident  that  the  inner  surface  of  each 
lung  presents  three  areas  which  correspond  respectively  with  (1)  the  middle 
mediastinum  (i.e.  the  pericardial  hollow) ;  (2)  the  posterior  mediastinum  ;  and  (3)  the 
superior  mediastinum ;  and  that  in  each  of  these  districts  impressions  correspond- 
ing to  structures  contained  within  these  portions  of  the  interpleural  space  may  be 
noticed. 

The  posterior  border  of  the  lung  is  thick,  long,  and  rounded.  It  foriiis  the  most 
bulky  part  of  the  organ,  and  occupies  the  deep  hollow  in  the  thoracic  cavity  which 
is  placed  on  either  side  of  the  spine.  Indeed  the  term  "border"  is  somewhat  in- 
appropriate, as  it  forms  in  reality  a  somewhat  extensive  surface  deeply  impressed 
l)y  the  ribs,  and  not  in  any  way  marked  off  from  the  outer  surface  of  the 
lung. 

The  anterior  border  of  the  lung  is  short  and  exceedingly  thin  and  sharp.  It 
begins  abruptly  above,  immediately  below  the  groove  on  the  apex  for  the  innomi- 
nate vein,  and  extends  down  to  the  base,  where  it  becomes  continuous  with  the 
sharp  basal  border.  The 

Oiuo-hyoidy 


thin  anterior  part  of  the 
lung  is  carried  forwards 
and  inwards  in  front  of 
the  pericardium  into  the 
narrow  pleural  recess 
behind  the  sternum  and 
costal  cartilages  (sinus 
costo-mediastinalis). 
The  anterior  border  of 
the  right  lung  fills  up 
this  recess  completely, 
and  in  the  upper  part  of 
the  chest  is  only  separ- 
ated from  the  correspond- 
ing border  of  the  left 
lung  by  the  two  layers 
of  mediastinal  pleura 
which  are  reflected  back- 
wards from  the  sternum 
to  the  pericardium.  The 
anterior  border  of  the 
left  lung,  in  its  lower 
part,  shows  a  marked 
deficiency  or  notch  (in- 
cisura  cardiaca)  corre- 
sponding to  the  apex  of 
the  heart,  and  where  this 
exists  the  lung  margin 
leaves  a  considerable  por- 
tion of  the  pericardium 
uncovered,  and  fails  to 
completely  fill  up  the 
costo-mediastinal  sinus  of  the  pleural  cavity.  During  respiration  the  anterior 
margin  of  the  left  lung  at  the  incisura  cardiaca  advances  and  retreats  to  a  small 
extent  in  this  pleural  sinus  in  front  of  the  pericardium. 


Scalenus  medms 
Brac^liial  nerves 

Subclavius 
Snbclavijan 
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Fig.  635. — Sagittal  Section  through  the  Left  Shoulder, 
Lung,  and  Apex  op  the  Heakt. 
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Fissures  and  Lobes  of  the  Lungs. — The  left  lung  is  divided  into  two  lolies 
l)y  a  Idiig  dee]>  iissure  wliicli  penetrates  its  sul)Staiice  to  witliiu  a  short  distance  of 
the  hihis.  Above  and  below  the  hilns  this  fissure  cuts  riirht  throu":h  the  Imv' 
and  appears  ^ipon  the  mediastinal  or  inner  surface.  Viewed  from  the  outer  aspect 
of  the  organ,  it  begins  at  the  posterior  border  aljout  two  and  a-half  inches  below  the 
summit  of  the  apex,  about  the  level  of  the  vertebral  end  of  the  third  rib,  and  is 
continued  downwards  and  forwards  in  a  somewhat  spiral  direction  to  the  liase  of  the 
lung,  which  it  reaches  a  short  distance  l)e]iind  its  anterior  end.  The  upper  lobe  of 
the  lung  (lobus  superior)  lies  above  and  in  front  of  this  cleft.  It  is  conical  in 
form,  with  an  oblique  base,  and  the  apex  and  the  whole  of  the  anterior  border  of 
the  lung  belong  to  it.  The  lower  lobe  (lobus  inferior)  lies  l^elow  and  l)ehind  the 
fissure.  It  is  the  more  bulky  of  the  two,  and  includes  almost  the  entire  base  and 
the  greater  part  of  the  thick  posterior  l)order. 

In  the  right  lung  there  are  two  fissures  sulidividing  it  into  three  lol)es.  One 
of  these  fissures  is  very  similar  in  its  position  and  relations  to  the  fissure  in  the  left 
lung.  It  is,  however,  rather  more  vertical  in  its  direction,  and  ends  l)elow  somewhat 
further  outwards.  It  separates  the  lower  lobe  from  the  upper  and  middle  lol)es. 
The  second  cleft  l)egins  in  the  main  fissure  at  the  posterior  border  of  the  lung,  and 
proceeds  Inn'izontally  forwards,  to  end  at  the  anterior  border  of  the  lung  at  the 
level  of  the  fourth  costal  cartilage.  Tlie  middle  or  intermediate  lobe  of  tlie  riglit 
lung  is  triangular  or  wedge  shaped  in  outline. 

Variations. — Variations  in  the  pidiuonaiy  fissures  are  fairly  conunoii.  Thus  it  sometiiiu's 
hapjiens  that  tlie  nudclle  lobe  of  the  riglit  lung  is  imperfectly  cut  off  from  the  upper  lohe. 
Supernumerary  fissures  also  are  not  infrequent,  and  in  this  way  the  left  lung  may  be  cut  into 
three  hjbes,  and  the  right  lung  into  four  or  even  more  lohes.  The  occurrence  of  a  lobus  azygos 
in  the  right  lung  is  a  variation  of  some  interest,  seeing  that  such  a  lobe  is  constant  in  certain 
mammals.  It  is  a  small  accessory  lolte,  ])yramidal  in  form,  which  makes  its  appearance  on  the 
lower  part  of  the  inner  aspect  of  the  right  lung.  In  certain  cases  the  vena  azygos  major  is 
enclosed  M-itliiu  a  fold  of  i:>leura,  and  is  sunk  so  deeply  in  tlie  pulmonary  substance  of  the  right 
lung  that  it  marks  off  a  small  accessory  lobe. 

ROOT  OF  THE  LUNG. 

The  term  root  of  the.  lung  (radix  pulmonis)  is  applied  to  a  numl)er  of  structures 
wliich  enter  and  leave  the  lung  at  the  hilus  on  its  inner  surface.  They  are  held 
together  liy  an  investment  of  pleura,  and  constitute  a  pedicle  wdiich  attaches  the 
lung  to  the  mediastinal  wall  of  the  pleural  cavity.  The  phrenic  nerve  descends  a 
short  distance  in  front  of  tlie  pulmonary  root,  whilst  the  vagus  nerve  l^reaks  up 
into  the  posterior  pulmonary  plexus  on  its  posterior  aspect  under  cover  of  the 
investing  pleura.  The  delicate  anterior  pulmonary  plexus  is  placed  in  front  of  the 
root  of  the  lung  beneath  the  pleura,  whilst  from  the  lower  border  of  the  root  of  the 
lung  the  ligamentum  latum  pulmonis  extends  downwards.  .  These  are  the  relations 
whicli  are  common  to  the  pulmonary  root  on  both  sides  of  the  body,  liut  there  are 
others  which  are  peculiar  to  each  side.  On  the  right  side  the  superior  vena  cava 
lies  in  front  of  the  pulmonary  root,  whilst  tlie  vena  azygos  major  arches  over  its 
upper  aspect.  On  the  left  side  the  aorta  arches  over  the  root  of  the  lung,  whilst 
tlie  descending  thoracic  aorta  jiasses  down  Itehind  it. 

Constituent  Parts  of  the  Pulmonary  Root. — The  most  important  structures 
wliich  enter  into  the  formation  of  the  ])ulmonary  root  are  (1)  the  two  pulmonary 
veins:  (2)  the  pulmonary  artery;  (3)  the  lironchus.  But  in  addition  to  these 
there  are  one  or  more  small  bronchial  arteries  and  veins,  the  Yiulmonary  nerves 
and  the  pulmonary  lymphatic  vessels,  and  some  bronchial  glands. 

Tlie  pulmonary  nerves  come  from  the  vagus  nerve  and  also  from  the  sympathetic  system. 
Tliey  enter  the  lung  and  follow  the  air-tubes  through  the  organ.  The  broncliial  arteries  are 
small  vessels  which  carry  lilood  for  the  supply  of  the  lung  tissue.  They  arise  fi-om  the  aorta  or 
from  an  intercostal  artery,  and  vary  in  numlier  from  one  to  three  for  each  lung.  In  the  root  of 
the  lung  they  lie  on  the  posterior  aspect  of  the  bronchus,  and  they  follow  the  air-tubes  through 
the  organ.  Part  of  the  blood  conveyed  to  the  lung  l)y  the  binnchial  arteries  is  returned  by  the 
])iilmonary  veins ;  the  remainder  is  returned  by  special  bronchial  veins  which  open  on  the  right 
side  into  tlu-  vena  azygos  major,  and  on  the  left  side  into  the  vena  azygos  minor  superior. 

The  lymphatic  vessels  of  the  lung,  as  they  emerge  from  the  hilus,  unite  into  a  small  number 
of  trunks,  which,  placed  behind  the  large  pulmonary  vessels,  open  into  the  bronchial  glands. 
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The  bronchus  in  the  root  of  the  limg  lies  beliiiid  the  great  pulmonary  vessels. 
The  pulmonary  artery  occupies  a  different  position  on  the  two  sides  in  relation  to  the 
main  or  undivided  part  of  the  bronchus.  On  the  right  side  it  is  placed  below 
it,  whilst  on  the  left  side  it  crosses  the  l)ronchus  and  occupies  a  higher  level  in  the 
pulmonary  root.  The  two  pulmonary  veins  on  both  sides  lie  at  a  lower  level  in  the 
root  of  the  lung  than  tlie  pulmonary  artery  and  bronchus,  whilst  the  upper  of  the 
two  veins  occupies  a  plane  in  front  of  the  puhnonary  artery  (Fig.  632,  p.  934). 

Distribution  of  the  Bronchial  Tubes  within  the  Lungs. — The  two  lungs  are 
not  symmetrical ;  the  right  lung  is  sulxlivided  into  three  lol)es,  and  the  left  lung  is 
cleft  into  two  lobes.  The  bronchi  exhibit  a  corresponding  want  of  symmetry.  The 
right  bronchus,  as  it  approaches  the  pulmonary  hilus,  gives  off  two  branches  for  the 
upper  and  middle  lobes  of  the  right  lung  respectively,  and  then  the  main  stem  of  the 
tuby  enters  the  lower  lobe.  The  left  bronchus  sends  off  a  large  liranch  to  the  iipper 
lobe  of  the  left  lung;,  and  then  sinks  into  the  lower  lobe.  The  first  l)ranch  of  the 
right  bronchus  for  the  upper  right  pulmonary  lobe  leaves  the  main  stem  about  one 
inch  from  tlie  trachea.  The  first  branch  of  the  left  bronchus,  on  the  other  hand, 
takes  origin  about  twice  that  distance  from  the  trachea. 

The  relation  of  the  pulmonary  artery  to  the  bronchial  subdivisions  is  different 
on  the  two  sides.  On  the  right  side  it  turns  backwards  to  reach  the  posterior 
aspect  of  the  bronchus  lielow  the  first  and  above  the  second  lironchial  branch.  On 
the  left  side  the  puhnonary  artery  turns  backwards  above  the  level  of  the  first 
bronchial  branch.  On  the  right  side,  therefore,  the  first  bronchial  branch  is  placed 
above  the  pulmonary  artery,  and  in  consequence  it  is  termed  the  eparterial  bronchus  ; 
all  the  others  he  below  the  artery,  and  are  termed  hyparterial  bronchi.  On  the 
left  side  there  is  no  eparterial  branch ;  they  are  all  hyparterial. 

When  the  main  stem  of  the  bronchus  is  followed  into  the  inferior  lobe  of  each 
lung,  it  is  seen  to  travel  downwards  and  backwards  in  the  puhnonary  substance 
until  it  reaches  the  thin  l)ack  part  of  the  base  of  the  lung  which  lies  between  the 
diaphragm  and  the  thoracic  wall,  and  there  it  ends.  As  it  proceeds  through  the 
inferior  lobe  it  gives  off  a  series  of  large  ventral  and  a  series  of  smaller  dorsal 
branches.  As  a  rule  these  are  three  in  number  in  each  case,  and  the  dorsal  and 
ventral  branches  do  not  arise  opposite  to  each  other,  but  alternately,  one  from  the 
back,  and  then  another,  after  a  slight  interval,  from  the  front  of  the  tube.  The 
first  hyparterial  division  on  each  side  (i.e.'the  branch  to  the  middle  lobe  of  the  right 
lung  and  the  branch  to  the  upper  lobe  of  the  left  side)  is  generally  regarded  as  the 
first  member  of  the  ventral  group. 

It  was  Aeby  who  first  recognised  tlie  existence  in  each  lung  of  a  main  or  stem  bronchus 
giving  off  a  ventral  and  dorsal  series  of  branches,  and  who  drew  the  distinction  between  the 
eparterial  and  hyparterial  bronchial  branches.  A  consideration  of  these  relations  led  this  author 
to  conclude  that  tlie  eparterial  bronchus  and  the  upjjer  lobe  of  the  right  lung  ha^^e  no  nrorpholo- 
gical  equivalents  on  the  left  side  of  tlie  body.  In  other  words,  he  was  led  to  believe  that  the 
middle  lobe  of  the  right  lung  is  the  homologue  of  the  upper  lobe  of  the  left  lung.  Hasse,  who 
lias  also  investigated  the  subject,  endorses  this  view,  with  certain  modifications  and  additions, 
and  the  hypothesis,  either  in  its  original  state  as  presented  liy  Aeby,  or  as  subsefpiently  modified 
by  Hasse,  has  been  very  generally  accejited  by  anatomists.  More  recent  research,  however,  has 
seriously  affected  tbe  stability  of  this  conclusion.  Narath  contends  that  the  distinction  between 
the  eparterial  bronchus  of  the  right  side  and  the  hyparterial  bronchi  of  both  sides  is  not  one  of 
i'undamental  importance,  and  further,  that  a  branch  which  arises  from  the  first  liyj^arterial 
bronchus  on  the  left  side  and  turns  upwards  into  the  apex  of  the  left  lung  is  the  direct  equi- 
valent of  the  eparterial  bronchus  of  the  right  side.  This  he  terms  the  apical  bronchus,  and  he 
believes  that  it  represents  the  first  dorsal  branch  of  the  left  stem  bronchus.  Huntington,  in  a 
very  convincing  paper,  strongly  supports  the  contention  of  Narath,  and  holds  that,  except  "  for 
purposes  of  topograpliy,  we  should  abandon  the  distinction  between  eparterial  and  hyj^arterial 
bronchi."  With  Narath  he  regards  the  ejjarterial  bronchus  as  a  secondaiy  branch  which  has 
migrated  in  an  upward  direction  on  the  main  stem.  According  to  Huntington,  therefore,  Aeby's 
proposition  should  be  amended  as  follows  : — 

Right  side.  Left  side. 

Upper        +        middle  lobe  =  Upper  lobe. 

Lower        +        cardiac  lobe  =  Lo^^'er  lobe. 

The  cardiac  lobe  mentioned  in  this  table  is  the  occasional  azygos  lobe  to  which  reference  has 
already  been  made,  and  it  is  interesting  to  note  that,  whilst  the  lobe  in  question  as  a  separate 
entity  is  rarely  seen  in  the  liumaii  lung,  the  bronchus  which  corresponds  to  it  is  always 
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present  in  the  pulmonary  substance  as  an  accessor)'  branch,  which  proceeds  from  the  main  stem 
as  it  traverses  the  lower  lobe  of  the  right  side.    It  receives  the  name  of  tlie  cardiac  bronchus. 

Structure  of  the  Lung. 

The  lung  is  constructed  so  that  the  blood  which  enters  it  through  the  pulmonary 
artery  is  brought  into  the  most  intimate  relation  with  the  air  which  enters  it  through  the 
trachea  and  bronchi.  An  interchange  of  materials  between  the  blood  and  the  air  is  thus 
rendered  possible,  and  the  object  of  respiration  is  attained.  As  a  result  of  this  inter- 
change the  dark  impure  blood  which  flows  into  the  lung  through  the  pulmonary  artery  is 
rendered  bright  red  and  arterial. 

Lobules  of  the  Lung. — A  thin  layer  of  subpleural  connective  tissue  lies  subjacent 
to  the  continuous  coating  which  the  lung  receives  from  the  visceral  pleura.  From  the 
deep  surface  of  this  subpleural  layer  fine  septal  processes  penetrate  into  the  substance  of 
the  lung,  and  these,  with  the  connective  tissue  which  enters  at  the  hilus  upon  the  vessels 
and  bronchi,  constitute  a  supporting  framework  for  the  organ.  The  lung  is  lobular,  and 
on  the  surface  the  small  polygonal  areas  which  represent  the  lobules  are  indicated  by  the 
pigment  present  in  the  connective  tissue  septa  which  intervene  between  them.  Although 
no  pigment  is  present,  the  lobular  character  of  the  lung  is  particularly  well  marked  in  the 
foetus,  and  with  a  little  care  the  surface  lobules  in  the  foetal  lung  can  be  separated  from 
each  other  by  gently  tearing  through  the  intervening  connective  tissue.  The  lobules  thus 
isolated  are  pyriform  or  pyramidal  in  foi'm.  The  broad  bases  of  these  lobules  abut  against 
the  subpleural  layer,  whilst  each  of  the  deep  narrow  ends  receives  a  minute  division  from 
the  bronchial  system  of  tubes.  The  lobules  which  lie  more  deeply  in  the  substance  of 
the  organ  are  not  so  large,  and  are  irregularly  polygonal  in  form. 

Alveolar  Ducts,  Infundibula,  and  Air-cells.  —  The  larger  branches  of  the 
bronchi,  as  they  traverse  the  lung,  give  oft'  numerous  divisions  which,  by  repeated 
branching,  ultimately  form  a  system  of  tubes  which  pervade  the  entire  organ.  At 
first  the  bronchial  divisions  come  off"  at  very  acute  angles,  but  as  the  finer  ramifications 
are  reached  this  character  becomes  much  less  apparent.  There  is  no  anastomosis  between 
the  bronchial  branches. 

Within  the  various  lobules  the  finer  bronchioles  send  off'  further  branches,  which  pro- 
ceed at  right  angles  fi-om  them.  Soon  the  ultimate  tubes  are  reached.  These  are  not 
cylindrical,  but  have  their  walls  pouched  out  by  numei'ous  hemispherical  diverticula. 
Such  a  bronchiole  is  culled  an  alveolar  duct,  and  the  diverticula  are  the  air-cells  or  alveoli. 
Finally  the  alveolar  duct  divides  into  two,  three,  or  more  terminal  parts,  which  become 
expanded  and  form  the  club-shaped,  blind  terminations  of  the  bronchial  system  of  tubes. 
These  cajcal  endings  are  the  infundibula,  and  the  walls  of  each  are  thickly  covered  by 
alveoli  or  air-cells,  all  of  which  open  into  the  infundibulum  as  into  a  corridor. 

Structure  of  the  Bronchi. — When  the  large  bronchi  enter  the  lung  they  become 
cylindrical,  and  lose  the  flattening  on  the  posterior  aspect  which  is  characteristic  of  the 
primary  bronchi  outside  the  lung.  They  possess  the  same  coats  as  are  present  in  the  case 
of  the  trachea  and  primary  bronchi,  but  as  the  tubes  become  smaller  by  repeated  division, 
these  coats  become  correspondingly  thinner  and  finer.  Certain  marked  differences  also  in 
the  manner  in  which  the  constituents  of  these  coats  are  arranged  become  apparent. 

In  the  external  fibro-cartilaginous  coat  the  cartilage  is  no  longer  present  in  the  form 
of  incomplete  rings,  but  in  irregular  plates  or  flakes  deposited  at  A'arious  points  around 
the  wall.  As  the  tubes  diminish  these  cartilaginous  deposits  show  a  corresponding  reduc- 
tion in  size,  initil  at  last,  in  bronchi  of  1  mm.  in  diameter,  they  disappear  altogether.  The 
glands  in  relation  to  the  tubes  for  the  most  part  cease  to  exist  about  the  same  point. 
The  muscular  or  middle  coat,  which  in  the  trachea  and  primary  bronchi  is  confined  to 
the  back  wall  of  the  tube,  forms  a  continuous  layer  of  cii'culai-ly-arrangcd  bundles  in  the 
l)ronchi  as  they  ramify  within  the  lung.  Spasmodic  contraction  of  the  muscular  coat  gives 
rise  to  the  serious  symptoms  which  accompany  asthmatic  affections.  The  muscular  fibres 
of  the  middle  coat  may  be  traced  as  far  as  the  infundibula,  on  the  walls  of  which  thej^  are 
present  in  considerable  numljers.  The  mucous  lining  of  the  tubes  becomes  greatly  thinned 
as  it  is  followed  into  the  smaller  bronchioles.  It  contains  a  lai'ge  number  of  longitudinally- 
arranged  elastic  fibres,  and  is  disposed  in  longitudinal  folds,  so  that  when  the  tube  is  cut 
across  tiie  limien  presents  a  stellate  appearance.  The  mucous  membrane  is  lined  by 
ciliated  colunuiar  epithelium. 

Structure  of  the  Infundibula  and  Alveoli. — The  walls  of  the  infundibula  and 
alveoli  arc  exceedingly  fine  and  delicate,  l)ut  nevertheless  constituents  continuous  with 
those  observed  in  the  three  coats  of  a  bronchus  are  found  entering  into  their  construction. 
The  epithelium  is  reduced  to  a  single  layer.     Further,  it  is  no  longer  columnar  and 
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ciliated,  bat  it  has  become  flat  and  pavement-like.  Two  kinds  of  epithelial  cells  may  be 
recognised — (1)  a  few  small  granular  polygonal  cells,  arranged  singly  or  in  groups  of  two 
or  three ;  (2)  more  numerous  thin  cells  of  large  size,  and  somewhat  irregular  in  outline. 
Outside  the  epithelium  is  a  delicate  layer  of  faintly-fibrillated  connective  tissue.  This  is 
strengthened  by  a  network  of  elastic  fibres  which  is  specially  well  marked  around  the 
mouths  of  the  alveoli,  and  is  also  to  some  extent  carried  over  the  walls  of  the  air-cells. 
Muscular  fibres  are  likewise  present  on  the  walls  of  the  infundibula,  but  it  is  questionable 
if  any  are  prolonged  over  the  air-cells. 

Pulmonary  Vessels. — The  pulmonary  artery,  as  it  traverses  the  lung,  divides  with 
the  bronchi,  and  closely  accompanies  these  tubes.  The  resultant  branches  do  not  anasto- 
mose, and  for  the  most  part  they  lie  above  and  behind  the  corresponding  bronchi.  The 
fine  terminal  divisions  of  the  artery  join  a  dense  capillary  plexus  which  is  spread  over  the 
alveoli  or  air-cells.  This  vascular  network  is  so  close  that  the  meshes  are  barely  wider 
than  the  capillaries  which  form  them.  In  the  partitions  between  adjacent  alveoli  there 
is  only  one  layer  of  the  capillary  network,  and  thus  the  blood  flowing  through  these 
vessels  is  exposed  on  both  aspects  to  the  action  of  the  air  in  the  air-cells.  The  radicles 
of  the  pulmonary  vein  arise  in,  and  carry  the  blood  from,  the  pulmonary  capillary  plexus. 
Each  aff'erent  arteriole  supplies  the  blood  which  flows  thi-ougli  the  capillaries  spread  over 
a  number  of  neighbouring  alveoli,  and  in  like  manner  each  efferent  venous  radicle  drains 
an  area  corresponding  to  several  adjoining  air-cells.  At  first  the  veins  run  apart  from 
the  arteries,  but  after  they  have  attained  a  certain  size  they  join  them  and  the  bronchi. 
As  a  rale  the  pulmonary  veins  are  placed  on  the  lower  and  front  aspect  of  the  corre- 
sponding bronchi. 

Development  of  the  Respiratory  Apparatus. 

The  larynx,  the  trachea,  the  bronchi,  and  the  lungs  arise  as  an  outgrowth  from  the 
ventral  aspect  of  the  foregut.  The  first  indication  of  a  respiratory  tract  occurs  in  the 
human  embryo  when  it  has  attained  a  length  of  3"2  mm.,  on  or  about  the  fifteenth  day 
of  development.  A  median  longitudinal  groove  makes  its  appeai'ance  within  the  foregut 
on  its  ventral  wall.  This  extends  from  the  pharynx  in  front  to  the  region  of  the  stomach 
behind,  and  it  graduall}'^  deepens  as  it  passes  backwards.  The  hinder  or  gastric  end  of 
this  groove  ends  in  a  blind  diverticulum  or  pocket,  which  freely  communicates  with  the 
cavity  of  the  foregut,  and  forms  a  hollow  median  protrusion  on  the  ventral  aspect  of 
this  portion  of  the  primitive  alimentary  canal.  Further,  it  is  lined  Avith  entoderm  or 
hypoblast  continuous  witli  the  entodei-mal  lining  of  the  foregut. 

Trachea  and  Larynx. — The  groove  on  the  ventral  aspect  of  the  foregut  becomes 
first  partially  and  then  completely  separated  from  the  part  of  the  foregut  which  lies  on 
its  dorsal  aspect  by  two  lateral  ridges  which  grow  inwards  and  finally  meet.  Two  tubes 
are  thus  formed — viz.  one  behind,  the  oesophagus,  and  the  other  in  front,  the  trachea  and 
larynx.  At  their  cephalic  ends  a  communication  between  the  two  tubes  is  preserved  as 
the  permanent  communication  between  the  larynx  and  pharynx. 

The  cephalic  end  of  the  air-tube,  which  is  thus  separated  off'  from  the  foregut,  becomes 
enlarged  to  form  the  larynx,  whilst  the  remainder  is  developed  into  the  trachea.  The 
cartilages  of  the  larynx  do  not  make  their  appearance  until  the  eighth  or  ninth  week. 
The  thyroid  cai-tilage  is  believed  to  be  formed  out  of  the  ventral  portions  of  the  cartilages 
which  support  the  4th  and  5th  visceral  arches  of  the  two  sides  united  in  the  median  plane. 
The  epiglottis  takes  form  in  the  upper  or  front  part  of  the  furcula  (see  chapter  on  Embryo- 
logy, p.  33),  whilst  the  arytenoids  are  developed  in  its  lower  or  back  part.  The  cricoid 
cartilage  and  the  tracheal  rings  are  formed  in  the  mesoderm  of  the  air-tube. 

Lungs  and  Bronchi. — The  entodermic  diverticulum,  or  pocket  in  which  the  gastric 
end  of  the  primitive  respiratory  groove  terminates,  very  early  bifurcates  into  two  vesi- 
cular portions,  which  represent  the  primitive  right  and  left  bronchi  and  lungs.  From  the 
first  the  right  pulmonary  vesicle  is  slightly  the  larger  of  the  two.  Both  elongate,  and 
a,lmost  immediately  each  part  vmdergoes  a  subdivision — the  right  into  three  vesicles,  and 
the  left  into  two  vesicles — thus  early  indicating  the  three  lobes  of  the  right  lung  and  the 
two  lobes  of  the  left  lung.  The  hypoblastic  or  entodermal  subdivisions  thus  formed  are 
surrounded  by  mesoderm.  The  main  subdivisions  continue  to  branch  and  rebranch, 
pushing  their  way  into  the  pulmonary  mesoblast,  until  the  complete  bronchial  tree  is 
formed.  The  method  of  subdivision  is  very  characteristic,  and  from  the  first  the  various 
branches  are  bulbous  or  flask-shaped  at  their  extremities.  These  bifurcate,  and  although 
at  first  the  two  subdivisions  in  each  case  appear  of  equal  importance,  one  grows  out  as  the 
continuation  of  the  main  bronchial  stem,  whilst  the  other  remains  as  a  lateral  branch. 
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When  tlie  ramification  of  tlie  cntodermal  tnbes  into  the  lung  mesoderm  is  complete,  the 
small  terminal  flask-shaped  extremities  of  the  various  branches  represent  the  infundibula. 
At  first  these  are  devoid  of  air-cells,  but  between  the  sixth  montli  and  the  termination  of 
gestation  the  alveolar  diverticula  make  their  appearance  on  the  alveolar  ducts  and  on 
the  infundibula.  It  is  thus  seen  that  the  epithelial  lining  of  the  entire  system  of  bronchial 
tubes,  infundibula  and  alveoli,  is  originally  derived  from  the  entodermal  lining  of  the  fore- 
gut.  The  other  constituents  which  enter  into  the  constitution  of  the  lungs  and  bronchi 
are  derived  from  the  mesoblast. 

The  rudiments  of  the  lungs  grow  backwards  on  either  side  of  the  oesophagus  into  the 
fissure-like  jjortion  of  the  cocloni  which  occupies  the  thoracic  region.  They  push  before 
them  the  epithelial  lining  of  the  latter,  and  thus  acquire  their  covering  of  visceral  pleura. 
By  the  development  of  the  diaphragm  and  the  pericardium  tlie  pleural  jjortions  of  the 
coeloni  become  cut  oft' from  the  peritoneal  cavity  and  from  eaeii  other.  (_)ur  knowledge 
of  the  development  of  the  lungs  has  been  greatly  extended  by  the  writings  of  Professor 
His  and  Professor  Arthur  Robinson. 
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By  Ambrose  Birmingham. 

Under  this  head  will  be  described  the  parts  which  are  coDuected  with  the 
reception  and  mastication  of  the  food,  and  its  digestion  and  passage  through  the 
body.  As  the  greater  part  of  the  digestive  system  is  placed  within  the  alidomen, 
the  description  of  this  cavity  as  a  whole,  with  that  of  its  lining  membrane  the 
peritoneum,  will  be  included. 

The  different  parts  of  the  digestive  system  may  be  grouped  under  the  following 
heads,  viz.  : — 

1.  The  Alimentary  Canal  or  Digestive  Tube. 

2.  The  Digestive  Glands. 

3.  Accessory  Parts. 

Alimentary  Canal. — The  alimentary  canal,  taken  as  a  whole,  measures  about 
30  feet  in  length  (Fig.  636),  and  consists  of  the  following  parts  in  order : — mouth, 
pharynx,  cesopliagus,  stomach,  small  and  large  intestines.  The  mouth  is  the  first 
division  of  the  tube.  It  is  separated  from  the  nasal  cavities  above  by  the 
palate,  and  opens  behind  into  the  pharynx.  This  latter  is  an  expanded  portion 
of  the  canal  lying  behind  both  the  mouth  and  the  nasal  cavity,  the  former 
opening  into  it  through  the  isthmus  of  the  fauces,  the  latter  through  the  posterior 
nares ;  whilst  lower  down,  close  to  the  Ijase  of  the  tongue,  the  aperture  of  the 
larynx  is  found  on  its  anterior  wall.  Opposite  the  lower  border  of  the  larynx,  • 
the  pharynx  is  succeeded  by  the  oesophagus,  a  long  and  comparatively  straight 
portion  of  the  digestive  tube,  leading  through  the  neck  and  thorax  to  the  a])domen, 
which  it  reaches  by  piercing  the  diaphragm.  Immediately  after  entering  the 
abdomen  the  tube  expands  into  a  pear-shaped  dilatation,  the  stomach.  This 
is  followed  by  over  20  feet  of  small  intestine,  the  junction  of  the  two  being- 
marked  by  a  constriction,  the  pylorus.  The  small  intestine  presents  three  more 
or  less  arbitrary  divisions — namely,  (a)  the  duodenum,  a  part  aliout  10  inches  in 
length,  and  curved  somewhat  like  a  horse-shoe, which  is  closely  united  to  the  posterior 
abdominal  waU  ;  (5)  the  jejunum,  which  includes  the  upper  two-fifths,  and  (c)  the 
ileum,  the  lower  three-fifths  of  the  small  intestine  beyond  the  duodenum.  The 
jejunum  and  ileum  are  movably  suspended  from  the  posterior  abdominal  wall  by 
the  mesentery,  a  fan-shaped  fold  of  the  peritoneum  or  lining  membrane  of  the 
abdominal  cavity.  The  terminal  part  of  the  ileum  opens  into  the  side  of  the  large 
intestine,  a  few  inches  (2i)  from  the  extremity  of  the  latter.  There  is  thus  formed 
a  cul-de-sac,  the  caecum,  in  connexion  with  which  is  found  a  small  worm-shaped 
protrusion,  the  vermiform  appendix. 

The  orifice  through  which  the  ileum  opens  into  the  large  intestine  is  guarded 
by  the  ileo-csecal  valve,  which  prevents  any  return  of  its  contents  from  tlie  large  into 
the  small  bowel.  After  the  ctecuni  conies  the  ascending  colon,  whicli  runs  up  in 
the  right  side  of  the  abdomen.  This  is  succeeded  in  order  by  the  transverse  colon 
crossing  from  right  to  left,  the  descending  colon  running  down  on  the  left  side,  the 
sigmoid  flexure  of  the  colon  (which  includes  the  iliac  and  greater  part  of  the  pelvic 
colons  of  the  text),  and  finally  the  rectum,  which  opens  on  the  surface  at  the  anus. 

Digestive  Glands.  —  Whilst  the  greater  part  of  the  alimentary  canal 
is  furnished  witli  numerous  minute  glands  contained  entirely  within  its  walls. 
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there  are  in  addition  certain  special  accumulations  of  glandular  tissue,  namely, 
the  liver,  the  pancreas,  and  the  salivary  glands,  which,  although  developed  in  th^ 


I'aiicreatic  duct 


-.Si)lenic  flexure  of  colon 


Fio.  636. — General  View  of  the  Digestive  System  (diagrammatic). 

The  transverse  colon  has  been  cut  to  show  the  duodenum,  but  its  course  is  indicated  by  dotted  lines.  The 
vermiform  appendix  is  seen  hanging  down  i'roni  tlie  crecum.  The  loop  of  large  intestine  which  precedes 
the  rectum  is  marlted  "sigmoid  tiexure,"  and  includes  the  iliac  colon  and  the  greater  part  of  the  pelvic 
colon. 

embryo  as  outgrowths  of  its  wall,  lie  entirely  outside  the  tube  in  the  adult, 
and  are  connected  with  it  by  special  ducts  through  which  the  gland-secretions 
pass.    The  largest  of  these,  the  liver,  is  placed  in  the  upper  and  right  portion  of 
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the  abdominal  cavity,  immediately  beneath  the  diaphragm,  and  its  secretion — 
the  bile — is  conveyed  into  the  duodennm  by  the  bile  duct.  Tlie  pancreas, 
next  in  size,  lies  across  the  front  of  the  vertebral  column,  vpith  its  right  end  or 
head  resting  in  the  concavity  of  the  duodenum,  into  which  its  secretion  flows 
through  the  pancreatic  duct.  The  salivary  glands,  of  which  there  are  three  chief 
pairs — parotid,  submaxillary,  and  sublingual — are  placed  about  the  face,  and  their 
ducts,  which  convey  the  saliva,  open  into  the  mouth.  Whilst  the  secretion  of 
these  latter  undoubtedly  possesses  some  digestive  action,  and  they  must  conse- 
quently be  classed  as  digestive  glands,  nevertheless  the  saliva  is  to  be  looked  upon 
as  a  mechanical  lubricant,  which  facilitates  swallowing  and  the  movements  of  the 
tongue  in  speaking  and  masticating,  rather  than  as  an  aid  to  the  digestive  process. 

Accessory  Parts. — Under  this  heading  we  group  the  teeth,  tongue,  gums, 
palate,  and  tonsils.  The  teeth,  32  in  number  in  the  adult,  are  embedded  in  the 
.jaws  and  surrounded  by  the  gums.  The  tongue  is  a  muscular  organ,  useful  alike 
in  masticating,  swallowing,  speaking,  and  in  the  exercise  of  the  sense  of  taste, 
which  specially  resides  in  its  modified  epithelium  ;  it  occupies  the  greater  portion 
of  the  floor  of  the  mouth,  whilst  the  roof  of  that  cavity  is  formed  by  the  hard 
palate  anteriorly,  and  by  the  soft  palate  l)ehind.  Finally,  the  tonsils  (Fig.  638) 
are  two  large  masses  of  lymphoid  tissue,  found  on  the  side-walls  of  the  oral  portion 
of  the  pharynx,  just  behind  the  mouth. 

THE  MOUTH. 

The  mouth  is  the  expanded  upper  portion  of  tlie  digestive  tube,  specially 
modified  for  the  reception  and  mastication  of  the  food.  In  it  we  distinguish  :  the 
aperture  of  the  mouth  placed  l»etween  the  lips  ;  the  vestibule,  the  slit-like  space 
which  intervenes  between  the  teeth  and  gums  internally,  and  the  lips  and 
cheeks  externally  (Fig.  637) ;  and  the  cavity  of  the  mouth,  which  lies  within  the 
round  of  the  dental  arches,  and  opens  behind  into  the  pharynx  through  the  isthmus 
of  the  fauces  (Fig.  638). 

The  aperture  of  the  mouth  (rima  oris)  is  tlie  upper  or  anterior  opening  of  the 
alimentary  canal,  and  is  bounded  above  and  below  by  the  corresponding  lips, 
which,  by  their  junction  at  the  sides,  form  the  angles  of  the  mouth  (commissurse 
labiorum).  In  a  state  of  rest,  witli  the  lips  in  apposition,  the  rima  appears  as  a 
shghtly  curved  line,  corresponding  in  length  to  the  interval  l)etween  the  first 
premolar  teeth,  and  in  level  to  a  line  drawn  across  just  below  the  middle  of  the 
upper  incisor  crowns.  The  sha,pe  of  the  rima  varies  with  every  movement  of  the 
lips,  from  the  resting  linear  form,  curved  like  the  conventional  l»ow,  to  a  circular 
or  oval  shape  when  the  mouth  is  widely  open,  or  the  "  pursed  up  "  condition  pro- 
duced hj  the  contraction  of  the  orldcularis  oris. 

The  vestibule  (vestibulum  oris,  Fig.  637)  lies  immediately  within  the  aperture 
of  the  mouth.  In  the  normal  resting  condition  its  cavity  is  practically  ol)literated 
Ijy  the  meeting  of  its  walls,  which  reduces  it  to  a.  slit-like  space.  It  is  limited  on 
the  one  hand  by  the  deep  surface  of  the  lips  and  cheeks,  and  on  the  other  l)y  the 
dental  arches  and  gums.  Its  narrow  roof  and  floor  are  formed  respectively  by  the 
reflection  of  the  mucous  membrane,  from  the  deep  surface  of  the  lips  and  cheeks  to 
the  corresponding  gum.  This  reflection  is  interrupted  in  the  middle  Hne  by  a  small 
but  prominent  fold  of  the  mucous  membrane,  the  frenulum,  which  connects  the 
l)ack  of  each  lip  to  the  front  of  the  gum.  The  upper  frenulum  is  the  Ijetter 
developed,  and  is  readily  brought  into  view  by  everting  the  lip. 

On  the  outer  wall  of  the  vestibule,  opposite  the  crown  of  the  middle  upper 
molar,  is  seen,  upon  a  variably  developed  eminence  (Fig.  647),  the  small  opening  of 
Stenson's  duct,  which  conveys  the  saliva  from  the  parotid  gland  to  the  mouth. 

When  the  teeth  are  in  contact  the  vestibule  communicates  with  the  cavity 
of  the  mouth,  only  through  the  small  and  irregular  spaces  left  between  the  oppos- 
ing teeth,  and  posteriorly  by  a  wider  but  variable  aperture  behind  the  last  molars. 

Advantage  i^;  .sometime.?  taken  of  the  presence  of  tliLs  aperture,  whicli  lies  between  the 
wisdom  teeth  and  the  ramus  of  the  jaw,  for  the  introduction  of  li(_[uid  food  in  certain  cases — 
trismus,  anchylosis,  etc. — in  which  the  mouth  is  rigidly  closed. 
60 
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The  anterior  border  of  the  luasseter  can  be  distinctly  felt  with  the  finger,  on  the  outer  wall 
of  the  vesti):)ule,  when  the  muscle  is  thrown  into  a  state  of  contraction.  Still  further  back,  the 
front  of  the  coronoid  process,  bearing  the  lower  part  of  the  insertion  of  the  temporal  muscle,  can 
be  easily  made  out.  Whilst  the  pterygo-maxillary  ligament,  which  corresponds  to,  and  is  felt 
along  with,  the  anterior  border  of  the  internal  pterygoid,  is  distinguishable  as  a  pliant  ridge 
when  the  finger  is  carried  from  the  front  of  the  coronoid  pi'ocess  inwards  behind  the  wisdom 
teeth  to  the  cavity  of  the  mouth. 

In  addition  to  Stenson's  duct,  the  ducts  of  numerous  small  glands  which  aiT  emliedded  in  the 
lips  and  cheeks  open  into  the  vestibule. 

Under  normal  conditions,  as  pointed  out  above,  the  lips  and  cheeks  lie  against  the  teeth  and 
gums,  obliterating  the  cavity  of  the  vestibule,  and  helping,  with  the  aid  of  the  tongue,  to  keep 
the  food  between  the  grinding  surfaces  of  the  molar  teeth  during  nuxstication.  In  facial  palsy, 
however,  owing  to  the  paralysis  of  their  muscles,  the  lij^s  and  cheeks  fall  away  from  the  clental 
arches,  and  allow  the  food  to  pass  out  from  between  the  teeth  and  to  accumulate  in  the  vestibule. 

Lips  (labia  oris,  Fig.  639). — These  are  the  two  movable  folds,  covered  superficially 
by  skin,  and  on  their  deep  surface  by  mucous  membrane,  which  surround  the  rima 
oris.    Laterally  the  two  meet  at  the  angles  of  the  moutli,  and  lieyond  this  are 
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Fio.  637. — C'oR()N.\L  Section  through  the  closed  Mouth. 

The  sHt-like  character  of  the  vestibule,  the  maimer  iu  which  the  tongue  Alls  up  the  luoutli  cavity,  the 
close  apposition  of  the  teeth,  the  relations  of  the  roots  of  the  upper  molars  to  the  antrum  of  High- 
more,  the  plica  sublingualis  over  the  sublingual  gland,  and  the  position  of  the  vnnine  artery  should 
be  noteil. 

prolonged  into  the  cheeks,  with  which  they  are  continuous.  The  upper  lip 
presents  on  its  superficial  surface  a  well-marked  vertical  groove,  the  philtrum, 
l)Ounded  by  two  distinct  ridges  tlescending  from  the  columella  nasi  (Fig.  643) ; 
inferiorly  the  groove  widens  out,  and  terminates  opposite  a  slight  projection — 
the  labial  tubercle — on  the  free  edge  of  the  upper  lip.  This  tubercle  is  particularly 
well  developed  in  children,  and  is  chiefly  responsible  for  the  characteristic  curve  of 
the  rima  oris.    The  lower  is  usually  longer  and  more  moval)le  than  the  upper  lip. 

In  passing  from  before  backwards  the  following  structures  are  found  in  the' 
lips  : — (1)  The  skin,  which  is  closely  beset  with  hairs,  small  and  fine  in  the  child 
and  female,  long  and  stout  in  the  adult  male.  (2)  A  layer  of  fatty  superficial  fascia 
continuous  with  the  fascia  of  the  face  generally.  (3)  The  orbicularis  oris  muscle, 
continuous  at  its  periphery  with  the  various  muscles  converging  towards  the  mouth. 
A  number  of  its  fibres,  or  those  of  the  muscles  joining  it,  pass  through  the  super- 
ficial fascia  and  are  attached  to  the  skin,  thus  establishing  a  close  connexion 
between  the  latter  and  the  muscle.  (4)  The  submucous  tissue,  which  is  occupied 
l)y  an  almost  continuous  layer  of  racemose  glands — the  labial  glands  (glanduhe 
laliiales).  These  open  into  the  vestibule,  and  their  secretion  is  said  to  l)e 
mucous.  (5)  The  mucous  membrane  of  the  mouth,  covered  by  stratified  squamous 
epithelium.    Between  the  orljicularis  and  mucous  membrane,  but  nearer  to  the 
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former,  that  is,  iu  the  deeper  part  of  the  submucosa,  the  coronary  artery  is 
found  a  short  distance  from  the  free  margin  of  the  lip,  running  to  meet  its  fellow 
of  the  opposite  side. 

The  free  margin  of  tlie  hp  is  covered  by  a  dry  and  otherwise  modified  mucous  membrane. 
It  begins  wliere  tlie  integument  changes  colour  at  the  outer  edge  of  the  hp,  and  ends  posteriorly 
just  behind  the  line  along  which  the  two  lips  meet  when  closed,  where  it  jjasses  into  the  ordinary 
'moist  mucous  membrane  of  the  vestibule.  It  presents  numerous  simjjle  vascular  papillae,  and 
its  nerves  (wliicli-are  derived  from  the  infra-orbital  in  the  upper  lip,  from  the  long  buccal  at  the 
angles,  and  from  the  mental  branch  of  the  inferior  dental  in  the  lower  lip)  terminate  in  special 
end  organs,  hence  the  acute  sensitiveness  of  this  part.  In  tlie  child,  at  birth,  the  margin  of  the 
lip  is  divided  l)y  a  very  pronounced  groove  or  fissure  into  an  outer  and  an  inner  zone,  differing 
considerably  in  theii'  appearance. 

When  the  tongue  is  pressed  firmly  against  the  back  of  the  lips  and  moved  alaout,  the  labial 
glands  can  be  distinctly  felt  through  the  mucous  membrane,  giving  tlie  impression  of  a  knol^by 
or  irregular  surface.  The  glands,  which  are  aljout  the  size  of  hemp-seeds  and  can  be  readily 
displayed  Ijy  removing  the  mucous  membrane,  are  more  numerous  in  the  lower  than  in  the 
iqjper  lip.  Stojjpage  of  their  ducts,  with  the  resulting  distension  of  the  glands,  gives  rise  to 
"  mucous  cysts,"  a  well-known  pathological  condition. 

It  should  be  remembered,  in  connexion  with  epithelioma  of  this  part,  that  the  lymphatics  of 
both  lips  pass  down  to  join  the  sid^maxillary  lymphatic  glands. 

Cheeks  (bucc[e). — The.  cheeks  resemble  the  lips  in  structure,  being  formed  of  cor- 
responding layers.  Superficially  is  the  skin.  Under  this  lies  the  fatty  superficial 
fascia  of  the  face,  through  which  Stenson's  duct  runs  inwards  to  pierce  the 
buccinator ;  in  it  also,  near  the  end  of  the  duct,  are  found  four  or  five  mucous 
glands,  as  large  as  hemp-seeds.  These  are  known  as  the  molar  glands  (glandulse 
molares) ;  their  ducts  pierce  the  cheek  and  open  into  the  vestibule.  Beneath 
this  superficial  fascia  lies  the  buccinator  muscle,  covered  by  the  thin  bucco- 
pharyngeal aponeurosis.  Deeper  still  is  the  submucosa,  which,  like  that  of 
the  lipa,  contains  numerous  racemose  buccal  glands  (glandulae  buccales).  And 
finally  the  mucous  membrane  is  reached  (Fig.  640). 

An  important  constituent  of  the  clieek  of  the  infant  is  the  sucking  pad  (corpus  adipusum 
biiccse),  an  encapsided  mass  of  fat,  distinct  from  the  surrounding  superficial  fascia,  which  lies  on 
the  outer  side  of  the  buccinator,  and  passes  backwards  into  the  large  recess  between  that  muscle 
and  the  overlying  anterior  part  of  the  masseter.  This  fatty  mass,  which  is  relatively  more 
developed  in  the  child  than  in  the  adult,  strengthens  the  cheek,  and  helps  it  to  resist  the  effects 
of  atmospheric  pressure  during  the  act  of  sucking.  In  the.  adult  the  remains  of  the  pad  can  be 
distinctly  made  out  under  the  anterior  border  of  the  masseter. 

Cavity  of  the  Mouth  Proper  (cavum  oris  proprium). — This  is  the  space 
situated  within  the  dental  arches,  which  latter,  with  the  gums,  separate  it  from 
the  vestibule  (Fig.  637),  so  that  the  two  communicate,  when  the  teeth  are  in 
contact,  only  by  the  irregular  interdental  spaces,  and  through  the  passages  behind 
the  wisdom  teeth  already  referred  to. 

-  Posteriorly  it  opens,  through  the  isthmus  of  the  fauces,  into  the  pharynx 
(Fig.  638). 

Its  roof  is  formed  by  the  hard  and  the  greater  part  of  the  soft  palate ;  whilst 
its  floor,  in  the  ordinary  resting  condition,  is  entirely  occupied  by  the  tongue 
(Fig.  640).  If,  however,  the  tip  and  marginal  parts  of  the  tongue  be  raised,  there 
is  exposed  a  limited  surface  to  which  the  term  "  floor  of  the  mouth  "  or  sublingual 
region  is  more  usually  applied  (Fig.  643). 

The  sublingual  region  (Fig.  G43)  is  covered  by  the  oral  mucous  memljrane  which 
is  carried  across  from  the  deep  surface  of  the  gum  to  the  inferior  aspect  of  the 
tongue,  with  the  mucous  membrane  of  which  it  becomes  continuous.  When  the 
tip  of  the  tongue  is  raised  the  membrane  forms  in  the  middle  line  a  prominent 
fold,  the  frenum  linguae,  stretching  from  the  floor  of  the  mouth  to  the  under  surface 
of  the  tongue.  On  eacli  side  of  the  frenum,  near  its  junction  with  the  floor,  there 
can  be  readily  made  out  a  prominent  soft  papilla  (caruncula  sublingualis),  on 
which  the  opening  of  Wharton's  duct  (of  the  submaxillary  gland)  may  be  seen 
(Fig.  643).  Eunning  outwards  and  backwards  on  each  side  from  this,  and  occupy- 
ing the  greater  part  of  the  floor  of  the  moutli,  there  is  a  well-marked  ridge  (plica 
sublingualis)  due  to  the  projection  of  the  underlying  sublingual  gland,  most  of  the 
ducts  of  which  open  near  the  crest  of  the  ridge. 
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Wlieii  the  luoutli  is  closed,  and  respiration  is  carried  on  through  the  nose,  tlie  cavum  oris  is 
reduced  to  a  slit-like  space,  and  practically  obliterated  by  the  tongue  coming  in  contact 
witli  the  i)alate  above,  and  with  the  gums  and  teeth  laterally  and  in  front  (Fig.  637).  When  tlic 
month  is  slightly  oi)en  and  the  teeth  nearly  in  contact,  the  tongue  becomes  somewhat  concaxc 
or  gnxn  ed  along  the  middle  line,  and  leaves  a  channel-like  sj)ace  between  it  and  t  he  palate,  while 
it  remains  in  contact  with  the  roof  and  gums  laterally.  By  depressing  the  hyoid  bone  with  the 
root  of  the  tongue,  tlie  cavum  oris  can  be  increased  to  a  considerable  size  even  when  the  teeth  are 
in  contact.  Finally,  by  the  simultaneous  descent  of  the  lower  jaw  and  hyoid  bone  with  the  tongue, 
and  the  ascent  of  the  soft  palate,  the  cavity  is  increased  to  its  greatest  dimensions  (Fig.  638). 

Gums  (gingiva;). — This  term  is  applied  to  the  red  linn  tissue,  continuous  with 
the  mucous  membrane  of  the  vestibule  on  the  one  hand,  and  with  that  of  the 
palate  or  Hoor  of  the  mouth  on  the  other  (Fig.  637),  which  covers  tlie  alveolar 
borders  of  tlie  maxilla  and  mandible,  and  surrounds  the  necks  of  the  teeth. 
The  gums  are  composed  of  dense  fibrous  tissue,  inseparably  united  to  the  periosteum 
and  covered  by  mucous  membrane.  They  are  richly  supplied  witli  bl(X)d-vessels, 
but  sparsely  with  nerves,  and  are  covered  by  stratified  squamous  epithelium. 
Around  the  neck — or  more  correctly  the  base  of  the  crown — of  eacli  tooth,  the  gum 
forms  a  free  overlapping  collar,  and  at  this  part  particularly  it  is  closely  beset  with 
small  papilla3,  visiljle  to  the  naked  eye.  In  thickness  it  usually  meastires  from  1 
to  2  mm. 

THK  PALATE  AND  ISTHMUS  FAUCIUM. 

The  palate  (palatum)  is  the  term  applied  to  the  strongly-arched  structure  which 
forms  the  roof  of  the  mouth,  and  projects  posteriorly  into  the  pharynx  as  a  pliant 
fold,  imperfectly  dividing  that  cavity  into  two  (Figs.  639  and  641)f  Its  anterior  half 
or  more  has  a  foundation  of  l)one,  and  separates  the  nasal  fossai  from  tlie  mouth. 
This  part  is  known  as  the  hard  palate.  The  posterior  portion,  which  is  free  from 
bone,  separates  the  naso-pharynx  aliove,  from  the  mouth  and  oral  pharynx  below, 
and  is  known  as  the  soft  palate. 

The  hard  palate  (palatum  durum,  F'ig.  639)  occupies  the  space  within  the 
upper  dental  arch,  and  is  continuous  with  the  gums  in  front  and  laterally,  whilst 
behind  it  passes  into  the  soft  palate.  It  is  formed  by  the  palate  processes  of  the 
superior  maxillary  and  ])alate  bones  (F^ig.  652),  covered  liy  periosteum,  and  by  a 
layer  of  firm  mucous  membrane.  Beneath  this  mucous  membrane,  particularly  at 
the  sides  and  in  front,  is  found  a  considerable  quantity  of  dense  fibrous  tissue, 
firmly  united  to  the  periosteum  on  the  one  hand  and  to  the  mucous  membrane  on 
the  other.  This  dense  tissue  forms  an  effective  protection  for  the  palate,  and,  in 
addition  to  the  palatine  vessels  and  nerves,  it  contains  in  its  posterior  half  a  large 
nuinlier  of  racemose  (palatine)  glands. 

Ti'aversing  the  middle  of  the  jmlate  is  seen  a  faint  central  ridge  or  raphe  (Fig.  638),  indicat  ing 
its  original  development  from  two  lateral  halves.  Behind,  this  raphe  is  cimtinued  along  the  soft 
palate  to  tlie  base  of  the  uvula,  and  in  front  it  ends  in  a  slight  elevation,  the  incisive  pad  or 
])apilla  palatina.  From  the  anterior  end  of  the  raphe  a  series  of  transverse  ridges  of  mucous 
mendjrane,  about  six  in  number,  run  outwards,  just  behind  the  incisor  teeth  ;  tliey  are  known  as 
the  palatine  rugse,  and  are  composed  of  dense  fibrous  tissue.  Sometimes  a  small  pit,  which  will 
admit  the  point  of  a  pin,  is  seen  on  each  side  immediately  behind  the  central  incisor  teeth,  and 
about  2  mm.  from  the  middle  line.  Tliese  pits  correspond  to  the  lower  0])enings  of  Stenson's 
canals,  with  which  they  are  occasionally  cnntinunus. 

The  soft  palate  (palatum  moUe,  or  velum  pendulum  palati.  Fig.  639)  is  a 
movable  valve-like  fold  which  runs  oliliquely  downwards  and  liackwards,  like  the 
"  tongue "  of  a  whistle,  across  the  cavity  of  the  pharynx  almost  as  far  as  its 
posterior  wall.  Whilst  it  is  attached  to  the  hard  ])alate  in  front,  and  blends  with 
the  pharyngeal  walls  laterally,  its  posterior  border  is  free,  and  l)etween  it  and  the 
posterior  wall  of  the  pharynx  is  left  a  valvular  passage — the  isthmus  of  the 
pharynx — through  which  the  naso-pharynx  and  the  fa-al  pliiirynx  communicate 
with  one  another. 

The  soft  palate  is  composed  of  two  layers  of  mucous  membrane  between  which 
are  contained  the  palatine  muscles,  vessels,  nerves,  and  connective  tisstie,  the 
aponeurosis  of  the  palate,  and,  in  addition,  a  very  large  ntimber  of  racemose  glands. 
These  glands  are  arranged  in  a  thick  continuous  layer  on  the  inferior  surface  beneath 
the  mucous  membrane,  and  form  quite  one-lialf  of  the  mass  of  the  soft  palate 
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generally,  whilst  in  its  anterior  part, 
constitnte  almost  its  entire  thickness. 

Its  upjJer  surface,  which  is  convex,  forms  a  coiitinuation  l)ackwards 
downwards  of  the  floor  of  the  nasal  fossfe  (Fig.  639),  and  is  covered  by  a 
longation  of  the  nasal  mucous  mem- 


where  muscular  filires'  are  wanting,  they 
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brane — ciliated  in  its  upper  half  or 
more.  The  under  stirface  is  arched, 
and  prolongs  backwards  the  roof  of  the 
mouth,  towards  the  cavity  of  which  it 
looks.  In  front  the  soft  palate  is 
attached  to  the  posterior  edge  of  tlie 
hard  palate.  Laterally  it  blends  witli 
the  side  wall  of  the  pharynx  along  a 
very  oblique  line  as  it  slopes  downwards 
and  backwards  (Fig.  639).  Its  posterior 
margin  is  thin  and  free  :  it  presents  in 
the  middle  line  an  elongated  conical 
projection,  the  uvula  (Fig.  638),  and  at 
each  side  of  this  a  sharp  concave  edge 
which,  arching  out,  passes  downwards 
and  slightly  backwards  into  the 
posterior  palatine  arch  (posterior  pillar 
of  fauces).  From  the  under  surface  of 
the  soft  palate,  7  or  8  lum.  further  for- 
wards, and  near  the  base  of  the  uvula, 
spring  another  Y)air  of  ridges,  the 
anterior  palatine  arches  (anterior  pillars 
of  fauces),  which  pass  downwards  and 
slightly  forward  to  the  sides  of  the 
tongue  (Fig.  638). 

The  anterior  part  of  the  soft  palate 
for-  8  or  10  mm.  (-^  inch)  contains  practically  no  muscular  fibres  ;  it  is  composed  of  the 
palatine  aponeurosis,  covered  by  an  extremely  thick  hiyer  of  glands  on  the  under  surface 
and  by  mucous  membrane  on  both  surfaces.  This  anterior  portion  is  much  less  movable 
tlian  the  rest  of  the  soft  palate,  and  forms  a  relatively  horizontal  continuation  back- 
wards of  the  hard  palate,  stretching  across  between  the  two  internal  pterygoid  plates.  Jt 
is  upon  this  portion  chiefly  that  the  tensor  palati  acts.  The  posterior  and  larger  part 
contains  muscular  fibres  in  abundance,  slopes  strongly  downwards,  and  is  freely  movable, 
being  the  portion  upon  which  the  remaining  palatine  muscles  act. 

The  palatine  aponeurosis,  which  is  confined  to  the  anterior  part  of  the  soft  palate,  is  in 
the  form  of  a  thin  flat  sheet,  constituting,  as  it  were,  a  kind  of  common  tendon  for  the 
palatine  muscles  which  are  attached  to  (or  blended  with)  its  posterior  margin ;  whilst 
its  anterior  margin  is  united  to  the  posterior  edge  of  the  palate  bone.  With  the 
exception  of  the  aponeurosis  of  the  tensor  palati  which  passes  into  its  lateral  part,  the 
muscles  do  not,  as  a  rule,  reach  further  forwards  than  to  within  8  or  10  mm.  of  the 
posterior  edge  of  the  hard  palate. 

The  uvula,  already  referred  to,  is  a  conical  projection,  very  variable  in  length,  which 
is  continued  downwards  and  backwards  from  the  middle  of  the  soft  palate.    It  is 

racemose  glands  and  connective  tissue  covered  hj  mucous 
slender  prolongation  of  the  azygos  uvuhe  muscle  in  its 


!i.  t)88. — Oi'EN  Mouth  suowixc  Palate  and  Tonsils. 

also  shows  the  two  palatine  arches,  and  the  pharyngeal 
isthmus  through  which  tlie  iiaso-pliarynx  above  com- 
municates with  tile  oral  portion  of  the  pharynx 
below. 


composed  chiefly  of  a  mass  of 
membrane,  and  containing  a 
tipper  part. 

Tlie  mucous  membrane  of  the  palate,  \\'liicli  is  covered  Ijy  stratified  squamous  epithelium,  is 
firmer  and  moi'e  closely  adherent  in  front,  near  the  rugoe,  than  behind,  near  the  soft  palate. 

Mucous  glands,  tlie  orifices  of  wliicli  can  he  seen  as  dots  with  the  naked  eye,  are  extremely 
abundant  in  tlie  soft  palate,  and  in  the  posterior  half  of  the  hard  palate,  except  near  the  raphe. 
They  are  wanting  in  the  anterior  part  of  tlie  palate,  wliere  the  mucous  membrane  is  particularly 
dense.  • 

The  palatine  rugse  (which  correspond  to  more  strongly  developed  ridges  in  carnivora,  etc.)  are 
very  well  marked  in  the  child  at  birth,  although,  perhaps,  relatively  less  distinct  in  the  foetus  of 
five  or  six  months;  in  old  age  tlicy  become  more  or  less  oliliterated  and  irregular.  At  birth, 
also,  and  in  the  foetus,  the  incisive  ]iad  at  the  anterior  end  of  the  raphe  is  continued  over  the 
edge  of  the  gum  into  the  frenidum  of  the  upper  li]). 
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Tlu'  vessels  of  the  palate  are  derived  from  the  posterior  palatine  artery,  wliii  h  i  iins  forwards 
on  the  hartl  palate  close  to  the  alveolar  Iwrdei',  and  from  the  ascending  palatine  branch,  of  the 
facial,  which  accompanies  the  levator  palati  to  the  soft  j)alate. 

The  nerves — all  branches  of  Meckel's  ganglion — are :  the  large  posterior  palatine,  which 
descends  throngli  the  posterior  palatine  canal  and  runs  forward  on  the  hard  jjalate  with  the 
])osterior  palatine  artery ;  the  naso-palatine,  which  jiasses  down  tliroiigh  the  foramen  of  Scarjia 
and  reaches  the  front  of  the  liard  palate  ;  and  the  small  posterior  and  accessory  posterior  palatine 
nerves,  which  run  through  the  accessory  palatine  canals  and  sujiply  the  soft  i)alat('. 

Fauces  or  Isthmus  of  the  Fauces  (istlimus  fauciuni). — This  is  the  aperture 
through  which  the  mouth  communicates  with  tlie  pharynx  (Fig.  G38).  It  is  bounded 
at  the  sides  l)y  the  anterior  palatine  arches,  alcove  l\y  the  under  surface  of  the  soft 
palate,  and  below  by  the  dorsum  of  the  tongue ;  in  width  it  corresponds  pretty 
closely  to  the  cavum  oris. 

The  anterior  palatine  arches  (arcus  glosso-palatiuus),  often  known  as  the  anterior 
])illars  of  the  fauces,  are  two  prominent  folds  of  mucous  meml)rane,  containing  the 
palato-glossus  muscles  in  their  interior,  which  bound  the  isthmus  of  the  fauces 
laterally  (Fig.  638).  Springing  aliove  from  the  under  surface  of  the  soft  palate,  a 
little  way  (about  8  mm.)  in  front  of  its  free  edge,  and  near  the  l)ase  of  the  uvula, 
they  pass  downwards  and  slightly  forwards  to  join  the  tongue  a  little  l)ehind  tlie 
middle  of  its  lateral  border. 

The  posterior  palatine  arch  is  described  with  the  pharynx  (p.  984). 

THE  TONGUE. 

The  tongue  (lingua)  is  a  large  mobile  mass  composed  chiefly  of  muscular 
tissue,  and  covered  by  mucous  membrane,  which  occupies  the  floor  of  the  mouth 
and  forms  the  anterior  wall  of  the  oral  pharynx  (Fig.  639). 

Whilst  the  sense  of  taste  resides  chiefly  in  its  modified  epithelium,  the  tongue 
is  also  an  important  organ  of  speech,  and,  in  addition,  it  assists  in  the  mastication 
and  deglutition  of  the  food — functions  which  it  is  well  fitted  to  perform,  owing  to 
its  muscular  nature  and  great  mobility.  In  length  it  measures,  when  at  rest, 
about  three  and  a  half  inches,  l)ut  both  its  length  and  width  are  constantly 
varying  with  every  change  in  the  condition  of  the  organ,  an  increase  in  length 
being  always  accompanied  by  a  diminution  in  width,  and  vice  versa. 

In  describing  the  tongue  we  distinguish  the  following  parts :  the  body  (corpus 
lingua;),  made  up  chiefly  of  striped  muscle,  and  forming  the  mass  of  the  organ  ;  the 
dorsum  (Fig.  640),  which  looks  towards  the  palate  anil  pharynx,  and  is  free  in  its 
whole  extent ;  the  base,  the  posterior  wide  end  which  is  attached  to  the  hyoid 
bone  ;  the  apex  or  tip,  the  pointed  and  free  anterior  extremity  ;  the  margin,  which  is 
free  in  its  anterior  half  or  more,  i.e.  in  front  of  the  attachment  of  the  anterior  palatine 
arch  (Fig.  640).  Finally,  the  unattached  portion  on  the  inferior  aspect,  seen  when  tlie 
apex  is  turned  strongly  iipwards  (Fig.  643),  constitutes  the  inferior  surface ;  whilst 
the  attached  portion,  fixed  l)y  muscles  ami  mucous  meml)rane  to  tlie  hyoid  bone 
and  mandible,  is  known  as  the  root. 

The  dorsum  of  the  tongue  (dorsum  linguse),  when  the  organ  is  at  rest,  is 
strongly  arched  from  before  backwards  in  its  whole  length  (Fig.  63)9),  the  greatest 
convexity  corresponding  to  the  attachment  of  the  anterior  palatine  folds.  When 
removed  from  the  body  tlie  tongue,. unless  previously  hardened  in  situ,  loses  its 
natural  shape,  and  appears  as  a  flat,  elongated  oval  structure,  which  gives  a  very 
erroneous  idea  of  its  true  form  and  connexions. 

Corresponding  to  its  differently-directed  portions,  the  dorsum  is  naturally 
divided  into  two  areas — an  anterior  or  oral  part,  which  lies  nearly  horizontally  on 
the  floor  of  the  mouth,  and  constitutes  about  two-thirds  of  the  length  of  the  whole 
tongue  (Fig.  640) ;  and  a  posterior  or  ^j/tft?'?/?i^/ca/  the  remaining  third  of 

the  organ,  which  is  placed  nearly  vertically,  and  forms  the  anterior  wall  of  the 
oral  pharynx  (Fig.  641).  The  separation  l)etween  these  two  parts,  which  differ 
in  appearance  as  well  as  in  direction,  is  indicated  by  a  distinct  V-shaped  groove, 
called  the  sulcus  terminalis  (Fig.  641),  the  apex  of  which  is  directed  backwards,  and 
corresponds  to  a  blind  depression  on  the  surface  of  the  tongue,  the  foramen  caecum, 
whilst  its  diverging  limbs  pass  outwards  and  forwards  towards  the  attachments  of 
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the  anterior  palatine  arches.  The  foramen  ca^urn  is  the  remains  of  a  tubnlar 
down-growth  formed  early  in  embryonic  life,  in  the  region  of  the  dorsum  of  tlie 
tongue,  from  which  tlie  isthmus  of  the  tliyroid  gland  is  developed  (see  page  36). 

The  posterior  or  pharyngeal  portion  of  the  dorsum  linguae  (Eig.  6.39),  nearly 
vertical  in  direction,  forms  the  greater  portion  of  tlie  anterior  wall  of  the  oral 
pharynx  (Fig.  641).  Its  surface  is  free  from  evident  papillse,  Init  is  thickly  studded 
with  rounded  projections,  each  presenting,  as  a  rule,  a  little  pit,  visible  to  the 
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Fig.  639. — Sagittal  Section  through  Mouth,  Tongue,  Larynx,  Pharynx,  and  Nasal  Cavity. 

The  section  was  slightly  oblique,  ami  the  posterior  edge  of  the  nasal  septum  has  been  preserved. 
The  specimen  is  viewed  slightly  from  below,  hence  the  apparently  low  position  of  the  inferior 
turbinated  bone. 


naked  eye,  at  its  centre  ;  the  great  majority  of  these  are  lymphoid  follicles  (folliculi 
tonsillares  linguales,  Fig.  644,  C)  similar  to  those  found  in  the  tonsils ;  some  few 
are  said  to  be  mucous  glands ;  all  are  covered  by  a  smooth  mucous  membrane, 
and  they  combine  to  give  to  this  region  a  characteristic  nodular  appearance. 

The  tmicous  membrane  of  this  portion  of  the  tongue  is  separated  from  the 
muscular  substance  by  a  submucous  layer  in  which  the  lymphoid  follicles  and 
the  mucous  glands  lie  embedded  (Fig.  639).  At  the  sides  it  is  continuous 
with  that  covering  the  tonsils  and  the  side  wall  of  the  pharynx ;  whilst  behind 
it  is  reflected  on  to  the  front  of  the  epiglottis,  forming  in  the  middle  line  a 
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prominent  fuld,  the  frenulum  epiglottidis  f)r  middle  glosso- epiglottic  fold  (plica 
giosso-epiglottica  media,  Fig.  640),  at  each  .side  of  which  is  a  wide  depression, 
the  vallecula. 

Two  lateral  glosso-epig'lottic  folds  have  been  described,  but  these  pass  from  the  side 
of  the  epiglottis,  not  to  the  tongue,  but  upwards  along  the  wall  of  the  pharynx,  upon 
which  they  are  soon  lost ;  consequently  the  term  pharyngo-epiglottic  is  more  applicable 
to  them. 

The  anterior  or  oral  portion  of  the  dorsum  linguae,  namely,  the  part  in  front 
of  the  sulcus  termiualis  (Fig.  640),  is  convex,  both  tVom  before  backwards  and 
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Fig.  640.— Horizont.ai,  Sfxtion  thhough  M(icth  and  Ph.mivnx  at  thk  Level  of  thk  Tossii.s. 

Tlie  styloj)har3"ngeus,  wliicli  is  shown  iiuniediately  to  tlie  inner  side  of  the  externiil  carotid  artery,  and  tlie 
prevertebral  muscles,  are  not  iinlicated  by  rei'erencc  lines. 

from  side  to  side  in  the  resting  condition  of  the  organ  (Fig.  Go*?).  It  nsiially 
presents  also  a  slight  median  depression,  along  tlie  centre  of  which  mar  l»e  seen 
some  indication  of  a  median  raphe  in  the  form  of  an  irregular  crease,  which  ends 
posteriorly  near  the  foramen  c;ecnm.  The  mncous  memlmme  of  this  liortion  of 
the  d(n-sum  is  thickly  covered  with  the  prominent  and  numerous  papillse  (papillae 
linguales)  which  give  the  tongue  its  most  characteristic  appearance. 

On  the  iiharyugeal  ])art  of  tlie  tongue  there  are  also  small  i)apillary  projections  of  the 
corium,  but  the  epithelium  fills  up  all  the  intervals  between  the  ijapilhTP,  and,  as  it  were,  levels 
off  the  surface,  so  that  none  are  visible  to  the  eye  as  jjrojectious  above  the  general  level.  Over 
the  anterior  part  of  the  tongue,  on  the  contrary,  the  projections  of  the  corium  are  large  and 
ju'omiuent,  and  the  intervals  Itetween  Ihem,  while  they  are  covered,  yet  are  not  filled  up,  l)y  the 
ejjitheliuui,  so  that  the  projections  stand  out  distinctly  and  independent!}',  and  in  places  attain  a 
lieiglil  of  nearly  2  nun.  above  the  general  surface. 
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Papillae  of  the  Tongne  (Fig.  640). — These  are  formed  hy  variousl}-- shaped 
projections  of  the  corium  of  the  iiiiicous  ineml^rane,  covered  by  thick  caps  of  epitlie- 
liuiii.  They  are  of  three  different  varieties: — 1,  Conical  or  filiform  (papilhe  conicse, 
p.  filif  orme  s) ; 
2,  Fuugiforui 
(papillfe  fungi- 
formes  et  p.lenti- 
culares) ;  and 
o,  Circumvallate 
(papillffi  vallatte). 

The  conical  or 
filiform  papillse 
(Fig.  642)  are 
the  smallest  and 
most  nnmerons, 
forming  as  they 
do  a  dense  crop 
of  minute  pro- 
jections all  over 
the  anterior  two- 
thirds  of  the 
dcjrsum,  and  also 
upon  the  upper 
part  of  the  margin 
and  tip,  of  the 
tongue.  Pos- 
teriorly they 
are  arranged  in 
divergent  I'ows 
running  out- 
wards and  for- 
wards from  the 
raphe,  parallel  to 
the  lind)S  of  the 
sulcus  terminalis. 
More  anteriorly, 
tlie  rows  become 
nearly  trans- 
verse, and  near 
the  tip  irregular. 
Eacli  papilla  is 
composed  of  a 
,  conical  projection 
of  the  corium, 
beset  with  micro- 
scopic papillse 
like  those  of  the 

skin  and  covered  '"^''^^  specimen  from  which  the  drawing  was  made  was  obtained  from  a  formalin-liardeiied 
1  V  1   -H-iipV  Irn  ■  ''ocly>  hy  removing  the  posterior  wall  of  the  pharynx  while  leaving  the  anterior 

0}    a  tmCK  iOng  wali  imdisturbed.    The  follswing  points  should  be  noted  :  the  greate.s;t  width  of 

cap   of  stratified  the  pharynx,  above,  at  the  lateral  recesses  ;  the  posterior  nares,  with  the  inferior 

SfjUamOUS  epithe-  turbinated  bones  seen  through  them;  the  levator  cu.shion  :  and  the  ])haiyngeal 

portion  of  the  tongue. 

Often,  however,  the  cap  of  epitheHinn  is  broken  up  into  several  long  slender  liair-like 
processes,  giving  rise  to  the  variety  known  tis  filif or7/i  jm2:iillce.  The  cap  of  epithelitnii  is 
being  constantly  shed  and  renewed,  and  an  excessive  or  diminished  rate  of  shedding  or 
renewal,  coupled  with  the  presence  of  various  fungi,  gives  rise  to  the  several  varieties  of 
"  tongue    found  in  diffei'ent  diseases. 

The  conical  aiKl  filiform  papillfE  are  probably  of  a  preliensible  or  tactile  nature,  and 
are  highly  developed,  and  horny,  in  carnivora. 
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Fig.  641. 


-The  Anteuiou  Wall  of  the  Phakvn'x  with  its  Orifices, 
from  behind. 
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Tlie  fungiform  papillae  (Fig.  642)  are  larger  aud  redder,  Imt  less  numerous  than 
llie  last  variet}',  and  they  are  found  chiefly  neax  thi;  tip  and  margins  of  tlie  tongue, 
eoniparatively  few  l)eing  yu'esent  over  the  dorsum  generally.    Each,  is  in  shape  like 

a  "  pufi-hall  "  fungus  (HaJliliurton), 
consisting  of  an  enlarged  rounded 
head,  attached  hy  a  somewhat 
narrower  hase.  As  in  the  case  of 
the  conical  papilhe,  the  corium 
is  studded  over  with  microscopic 
papill*,  wliich  are  l)urie(l  in  the 
covering  of  squamous  epithelium 
and  do  not  appear  on  the  surface. 
Most  of  the  fungiform  pa,pill?e,  if 
not  all,  appear  to  l)e  furnished  witli 
taste-buds,  and  they  are  ])rohalily 
intimately  connectecl  with  the  sense 
of  taste. 

The  circumvallate  papillae 
( Fig.  642),  i)y  much  tlu;  largest  of 
all  the  papillae  of  the  tongue,  are 
confined  to  the  region  immediatel}' 
in  front  of  the  sulcus  terminalis 
and  foramen  ca;cum.  Usually  al)out 
ten  in  number,  they  are  arranged 
in  the  form  of  the  letter  V,  with 
the  apex  backwards,  just  in  front 
of  and  parallel  to  the  sulcus  ter- 
minalis. One  or  two  of  the  papilhe 
are  usually  placed  at  tlie  apex,  of 
the  V,  immediately  anterior  to  tlie 
foramen  caecum.  In  appearance  a 
circumvallate  papilla  resembles  very 
closely  the  impression  left  l)y  press- 
ing the  liarrel  of  a  small  pen  on  soft  wax  (Fig.  641).  Each  is  composed  of  a 
cylindrical  central  part  (1  to  2-5  mm.  wide),  slightly  tapering  towards  its  base,  and 
flattened  on  its  crown,  which  projects  a  little  above  the  general  surface  of  the  tongue. 
This  is  surrounded  l)y  a  deep,  narrow,  circular  trench  or  fossa,  the  outer  wail  of 
which  is  known  as  the  vallum.  The  vallum  appears  in  the  form  of  an  encircling 
collar  very  slightly  raised  above  the  adjacent  surface  (Fig.  640). 

As  in  the  case  of  the  otlier  forms,  the  circumvallate  papillaj  are  made  up  of  a 
central  mass  of  corium,  lieset  with  numerous  microscopic"  papillte  on  the  crowns, 
but  not  on  the  sides,  and  covered  over,  as  are  the  surfaces  of  the  fossa  and  vallum, 
by  stratified  squamous  epithelium.  Into  the  fossfe  open  tlie  ducts  of  some  small 
serous  glands  (Fig.  642). 

On  the  sides  of  the  circumvallate  papilla3,  as  well  as  upon  the  opposed  surface 
of  the  vallum,  are  found,  in  considerable  numbers,  tlie  structures  known  as  taste 
buds,  the  special  end-organs  of  the  nerves  of  taste. 

The  apex  (apex  linguie),  and  the  margin  (margo  lateralis)  of  the  tongue  in 
front  of  the  attachment  of  the  anterior  palatine  ai'ch,  are  free,  and  lie  in  contact 
with  the  teeth  when  the  tongue  is  at  rest. 

On  the  upper  half  or  more' of  the  margin  aud  apex,  papilhe  are  present  as  on  the- dorsum  ; 
l)Ut  on  the  lower  part  they  are  absent,  and  tlie  surface  is  covei'ed  by  smooth  mucous  mem))raiu'. 

Just  in  front  of  the  anterior  palatine  arch,  on  the  margin,  are  usually'seen  about  tive  or  si.\ 
distinct  vertical  folds,  forming  the  folia  linguae,  whicli  are  beset  with  taste-buds,  aud  corresjKHid 
to  a  well-defined  area  (the  papilla"  foliata^  on  the  side  of  the  tongue  in  certain  animals  (rabbit, 
hare,  etc.),  in  which  it  forms  an  important  part  of  the  organ  of  taste. 

The  inferior  surface  (facies  inferior)  of  the  tongue,  which  is  exposed  l)y  turning 
the  apex  of  the  organ  upwards,  is  limited  in  extent  (Fig.  643),  and  is  free  i'rom 
visilde  payullte,  the  surface  being  covered  by  a  smooth  mucous  meml)rane.  Eunniiig 


A  ciicunivallati'  papilla.  Xl2. 

Fio.  642. — The  PAPn.i.iE  of  Toncue. 

The  upper  illustration  shows  conical  and  fungifonu  papilhe, 
the  lower  a  circumvallate  papilla.  C.  Corium,  and 
B.  Epithelium  of  the  mucous  membrane.  The  wavy 
dark  lines  represent  arteries. 
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along  its  middle,  except  ueal'  the  tip,  is  a  depression,  from  which  a  fold  of  mucous 
meudjrane,  the  frenulum  linguae,  passes  down  to  the  iioor  of  the  mouth,  and  on 
towards  the  liack  of  the  maudil^le.     At  each  side   of  the  frenulum,  and  a 
short  distance  from  it,  the  large 
ranine  vein  is  distinctly  seen 
through    the    mucous  meml)rane. 
Further  out  still  are  situated  two 
indistinct,  fringed  folds  of  mucous 
membrane,  the  plicae  fimbriatse,  which 
converge    somewhat   as   they  are 
followed  forward  towards  the  tip, 
near  which  they  are  lost. 

From  the  inferior  surface  of 
the  tongue  the  mucous  membrane 
passes  across  the  floor  of  the  mouth 
to  the  inner  surface  of  the  gum, 
with  the  mucous  covering  of  which 
it  ])ecomes  continuous. 

The  plicae  fimbriatae  corresi^ond  pretty 
closely  to  tlie  course  of  tlie  ranine  arteries 
as  tliey  iiin  towards  tlie  tip  ;  the  arteries, 
however,  are  deeply  placed  in  the  sub- 
stance of  the  tongue,  at  a  distance  of 
3  to  6  mm.  from  the  inferior  surface.  The 
plicffi,  which  are  more  distinct  at  birth 
and  in  the  foBtns,  are  said  to  correspond  to 
the  under  tongue  found  in  the  lemurs. 

The  root  of  the  tongue  (radix 
linguse)  is  the  portion  of  the  in- 
ferior aspect  which  is  connected  by 
muscles  and  mucous  memljrane  to 
the  mandible  and  hyoid  bone.  It 
is  of  very  considerable  extent,  and 

is,  with  the  Imse,  the  most  lixed  The  sublingual  gland  of  the  left  side  has  been  laid  bare  by 
part  of  the  organ.     It   is  also  the  removing  the  mucous  membrane;  to  expose  the  apical 

situation  at  which  the  vessels  and 
nerves  as  well  as  the  extrinsic 
muscles  enter. 
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Fio.  643. — Open  Mouth  with  Tongue  raised,  and  the 
Sublingual  and  Apical  Glands  exposed. 


gland. of  the  right  side  a  thin  layer  of  muscle,  iu  addition 
to  the  mucous  membrane,  has  ))een  removed.  A  branch 
of  the  lingual  nerve  is  seen  running  on  the  inner  aspect 
of  the  gland.  The  ranine  vein  is  faintly  indicated  on 
this  side  also. 

Structure  of  the  Tongue.— 

The  tongue  is  chiefly  composed  of  striped  muscular  tissue,  in  coiiuexiou  with  which  are 
found  a  considerable  admixture  of  fine  fat  and  a  median  septum  of  connective  tissue 
occupying  the  central  part  of  the  organ.  In  addition,  there  are  vessels,  nerves,  glands, 
and  IjMiiphoid  tissue,  the  whole  being  covered  over  by  mucous  membrane,  except  at 
the  root  (Fig.  644). 

The  muscular  tissue  is  derived  23artly  from  the  terminations  of  the  extrinsic  muscles 
— namely,  the  liyoglossus,  styloglossus,  genioglossus,  palatoglossus,  and  chondroglossus  : 
but  also  largely  from  the  intrinsic  muscles — namely,  the  superior  linguahs,  inferior 
lingualis,  the  transverse,  and  the  vertical  lingual  muscles.  These  are  so  arranged  that 
they  form  a  cortical  portion,  made  up  chiefly  of  longitudinal  fibres — derived  above  from 
the  superior,  lingualis  and  the  liyoglossus,  at  the  sides  from  the  styloglossus,  and  l)elow 
from  the  inferior  lingualis.  This  cortex  surrounds  a  central  or  medullary  portion,  divided 
into  two  lateral  halves  by  the  septum,  and  formed  in  great  part  by  the  transverse  and 
vertical  fibres,  and  also  by  the  fibres  of  the-  genioglossi  ascending  to  the  dorsum.  The 
muscular  fibres  derived  from  these  various  sources  end  by  being  inserted  into  the  deep 
surface  of  the  mucous  membrane. 

The  detailed  description  of  the  extrinsic  and  intrinsic  muscles  will  be  found  on 
page  386. 

The  septum  is  a  median  fibrous  partition  found  in  the  medullary  portion  only,  and 
easily  exposed  by  separating  the  two  genioglossi  on  the  under  surface  of  the  tongue. 
Anteriorly  it  usifally  extends  to  the  apex ;  whilst  posteriorly  it  grows  gradually  narrower, 
and  expanding  transversely  at  the  same  time,   it  passes    into  a  broad   sheet  (the 
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liyoglossal  meiiibrane)  which  is  united  to  the  upper  border  of  the  liyoid  boue,  and  gives 
attachment  to  the  posterior  fibres  of  tlie  genioglossus.  From  the  sides  of  the  septum  tlie 
transverse  fibres  of  the  tongue  arise. 

The  mucous  membrane  on  the  anterior  two-thirds  uf  the  dorsum,  and  on  tlie  free 
margins,  is  firm  and  closely  adherent  to  th©  underlying  muscular  substance,  the  fibres 
of  which  arc  inserted  into  it.  On  the  posterior  third  of  the  dorsum,  and  on  the  inferior 
surface,  it  is  neither  so  firm  nor  so  closely  united  to  the  muscular  substance,  from  which 
it  is  separated  in  both  of  these  situations  by  a  layer  of  submucous  tissue. 

The  mucous  membrane  of  the  tongue,  like  that  of  the  rest  of  tlie  mouth,  is  covered 
by  stratified  squamous  epithelium. 

Glands  of  the  Tongue. — Numerous  small  racemose  glands  arc  found  scattered  beneath  the 
inucous  niemljraue  of  the  posterior  third  of  the  tongue  ;  and  a  small  collection  of  similar  glands 
is  present  at  the  margin,  opposite  the  circunivallate  papilla'.  Small  serous  glands  are  also 
foimd  embedded  in  the  dorsum  near  the  circunivallate  ]ia])illa',  into  the  fossa'  of  which  their 
ducts  open  (Fig.  642). 

The  chief  collections  of  glandidar  tissue  in  the  tongue,  however,  are  found  embedded  in  the 
nuiscle  of  the  under  surface,  a  little  way  behind  the  apex,  on  each  side  of  the  middle  line  (Fig. 
643).    They  are  known  as  the  apical  glands  (glanduhe  linguales  anteriores  of  Nulm  or  Blandin). 

These  apical  glands  are  disjilayed  l)v  removing  the  mucous  membrane  and  also  a  layer  of 


Fic.  Gii. — A,  Tr.vnsverse,  anu  B,  I^oNcrruDiNAi-  V'ertical  Section  through  the  Tongue  (Krau.se)  ; 
C,  A  Lymphoid  Follici.k  kho.m  Back  Part  op  Tonc;ue  (Macalister,  slightly  modified). 

muscular  fibres  (derived  from  the  miited  inferior  lingualis  and  styloglossus)  about  2  mm.  in 
thickness  from  the  under  Surface  of  the  tongue  a  little  distance  liehind  the  ajiex.  They  are  oval  in 
sha])e,  often  partly  broken  up  by  nuiscular  fibres,  and  they  measure  from  i  to  |  in.  (12  to  19  mm.) 
in  length.  Tliey  are  mixed  serous  and  mucous  glands,  and  they  open  by  three  or  foui'  very 
small  ducts  on  the  inferior  surface  of  the  tongue. 

Vessels. — The  chief  arfi'vij  is  the  lingual.  This  vessel  passes  forwards  on  each  side  beneath 
the  hyoglossus  muscle,  and  then  is  continued  on  to  the  a])ex — between  the  genioglossus  on  the 
inner  side  and  the  inferior  lingualis  externally — under  the  name  of  the  ranine  artery.  Anteriorly 
it  is  covered  by  the  fil>res  of  the  inferir)r  lingualis,  and  lies  ^  to  j  inch  from  the  surface.  Near 
the  a])ex  the  arteries  of  opjjosite  sides  are  connected  by  a  l)rancli  which  pierces  the  septum,  hut 
otiierwise,  with  the  exception  of  ca])illary  anastomosis,  they  do  not  communicate.  The  dorsalis' 
linguae  branch  of  the  lingual  is  distriliuted  to  the  pliai'vngeal  part  of  the  tongue,  whilst  some 
f  w  igs  of  the  tonsillar  branch  of  the  facial  are  also  distributed  in  the  same  region. 

The  iv'?'j(.s  are  :  the  ranine,  the  chief  vein,  which  lies  beneath  the"  mucous  inemljrane  at  the 
side  of  the  frenum,  and  runs  backwards  over  the  hyoglo.ssus  nniscle  w  ith  the  h^-jioglossal  nerve  ; 
two  vense  comites,  which  accomjiany  the  lingual  artery  ;  and  a  dorsalis  linguse  vein  from  the  back 
of  the  tongue.  These  either  unite  and  form  a  common  trunk,  nr  o]ien  separately  into  the  internal 
jugular  vein. 

Nerves. — The  nerves  which  supjdy  the  tongue  are  :  (1)  The  hypoglossal,  the  motor  nerve  of 
the  tongue,  which  enters  the  genioglo.'^sus  and  passes  up  in  its  substance  to  the  intrinsic  muscles, 
in  wdiich  it  ends.  (2)  The  lingual,  a  branch  of  the  inferior  maxillary  nerve,  which  is  accom- 
panied by  the  chorda  tympani  branch  of  the  facial.  The  lingual,  after  crossing  the  hyoglossus 
muscle,  breaks  up  and  enters  the  inferior  lingualis  and  genioglossus,  and  thus  makes  its  way 
uj)vvards  to  the  mucous  membrane  of  the  anterior  two-thirds  of  the  tongue — the  lingual  itself 
coiif'efi'ing  common  sensation  on  this  ])art,  the  chorda  tympani  proliably  carrying  to  it  lasti' 
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fibres.  (3)  Tlie  glossopharyngeal  nerve  passes  forwards  beiieatli  tlie  upper  part  of  tlie  hyoglossus, 
and  sends  its  terminal  Iji'anclies  to  the  mucous  membrane  of  the  posterior  third  of  tlie  tongue, 
supplying  the  circumvallate  pa])ill;B,  and  the  part  of  the  tongue  behind  these,  with  both  gustatory 
and  common  sensory  filjres.  (4)  The  internal  laryngeal  nerve  also  distributes  a  few  filires  to  the 
posterior  part  of  the  base  of  the  tongue,  neai'  the  ejjiglottis. 

The  lymphatics  of  the  anterior  half  of  the  tongue  i)ass  down  through  the  floor  of  the  mouth 
and  join  the  submaxillary  lymphatic  glands.  Those  from  the  posterior  half  run  with  the  ranine 
vein  across  the  hyoglossus  muscle  (where  they  are  connected  with  some  small  lingual  glands)  and 
join  the  deep  cervical  glands. 

GLANDS. 

Various  urgans,  diti'eriug  widely  Ituth  in  structure  aud  function,  are  commonly 
included  under  the  general  term  glands.  It  is  made  to  embrace  :  (a)  the  glands 
'with  ducts,  such  as  the  digestive  glands  (liver,  pancreas,  salivary  glands,  etc.),  the 
sweat  and  sebaceous  glands  of  the  skin,  the  testes,  etc.,  and  the  small  glands 
emljedded  in  the  walls  of  the  digestive  and  respiratory  tracts ;  (h)  the  so-called 
ductless  glands  (spleen,  thyroid,  suprarenals,  etc.),  which  possess  no  ducts,  but 
throw  their  secretions  into  the  blood  or  lymph  passing  through  them ;  and  (c)  the 
lymphatic  glands,  which  cannot  properly  be  classified  under  either  of  the  other 
groups.  We  shall  here  consider  only  the  true  glands — namely,  those  included  in  the 
first  group  mentioned  above,  which  are  all  characterised  liy  the  possession  of  ducts  ; 
and  what  follows  refers  to  them  alone. 

A  gland  may  be  defined  as  an  epithelial  organ  which  separates  or  elaljorates  from  the  blood 
some  substance  which  is  either  to  be  discharged  from  the  body  or  used  further  in  the  economy. 
The  product  of  the  activity  of  the  gland  is  known  as  its  secretion,  and  the  secretion  is  conveyed 
to  its  destination  in  all  true  glands,  as  explained  above,  by  the  gland  duct. 

Every  gland  is  primarily  an  outgrowth  of  the  epithelium  from  the  surface  to  which  the  secre- 
tion of  the  gland  is  ty  be  subsequently  conveyed.  This  outgrowth  may  remain  undivided,  con- 
stituting a  simple  gland.  On  the  other  hand,  it  may  break  uj)  into  two  or  more  branches,  giving 
rise  to  a  compound  gland.  We  thus  arrive  at  tlie  two  great  classes  of  glands — simi^le  and 
compoiuid. 

A  simple  gland  may  remain  tul)ular,  when  it  is  known  as  a  drivple  f  iihidar  gland,  ui  v^-hich 
Lieberkuhu's  follicles  in  the  wall  of  the  small  intestine  and  the  sweat  glands  are  examples.  Or 
it  may  be  dilated  at  its  extremity,  the  enlargement  being  known  as  an  acinus  {aKcvos,  a  grape  or 
grajje-stone)  or  alveolus,  thus  constituting  a  simple  acinous  or  alveolar  gland,  of  which  there  are 
few  exam])les  in  man  (viz.  some  sebaceous  glands),  though  they  are  numerous  in  the  skin  of  the 
frog,  etc.    This  gi\'es  us  two  varieties  of  siiii])le  glands — tuljular  and  acinous  or  alveolar. 

Similarly  a  compound  gland  may  remain  tubular,  constituting  a  comjmimd  tubular  gland,  such 
as  the  kidney,  testicle,  and  the  majority  of  the  gastric'  glands.  Or,  on  the  other  hand,  the 
terminal  liranches  of  its  ducts  may  lie  beset  with  dilatations  (v'.c.  acini  or  alveoli),  giving  rise  to 
a  comjwund  acinous  or  alveolar  gland,  ^^■]lich  latter,  owing  to  a  remote  resemblance  presented  by 
its  clustering  lobules  to  a  miniature  bunch  of  grapes,  is  often  known  as  a  racemose  gland  {racemus,  a 
cluster).  Most  of  the  glands  of  the  body  are  examples  of  this  variety — e.g.  the  salivary  glands,  the 
small  glands  of  the  mouth,  tongue,  i)harynx,  ocso])liagus,  respiratory  passages,  eyelids,  etc.  Thus 
we  arrive  at  two  varieties  of  compound  glands  also — tubular  and  acinous  or  alveolar. 

A  compound  acinous  (racemose)  gland  is  composed  of  a  main  duct  which  branches  and 
re-branches  more  or  less  freely  according  to  the  size  of  the  gland,  and  the  terminal  divisions  of 
which  end  finally  in  specialised  secreting  parts,  the  acini  or  alveoli,  (piite  distinguishable  from 
the  ducts  or  conducting  parts.  In  true  acinous  glands  the  acini  or  ah'eoli  are  distinctly  saccular  ; 
in  other  glands,  such  as  the  pancreas,  this  is  not  the  case,  the  acini  being  long  and  narrow. 
Accordingly,  the  term  acino-tuhular  has  been  introduced  and  ajaplied  to  glands  of  this  latter 
type,  which  is  usually  made  to  include  the  pancreas,  the  iirostate,  and  Brunner's  glands.^ 

It  should  be  added  that  the  term  acino-tubular  is  by  some  authors  used  exclusively  instead 
of  acinous  for  all  I'aceinose  glands. 

There  is  one  gland,  however,  which  cannot  be  included  in  any  of  the  above  varieties,  and 
which  must  be  placed  in  a  class  by  itself.  This  is  the  liver.  It  is  composed  of  an  enormous 
number  of  small  secreting  lobules,  between  which  run  the  branches  of  the  bile-duct.  These 
lobules  in  the  mammalian  liver  cannot  in  any  way  be  compared  to  acini,  or  to  collections  of  acini, 
as  their  cells  are  not  arranged  around  a  central  lumen,  but  form  a  practically  solid  mass,  with 
minute  l;>ile  capillaries  running  everywhere  between  them.  It  might  in  mamnials,  for  want  of  a 
better  term,  be  classed  as  a  solid  gland. 

The  foregoing  may  be  summarised  in  tabular  form  thus  : — 

I.  Simple  glands. — Duct  undivided. 

{a)  Simple  tubular. — Undilated  at  end — e.g.  Lieberkiihn's  follicles,  sweat,  and  many  gastric 
glands. 

(h)  Simple  p-cinous  (alveolar  or  saccular). — Dilated  at  end — e.g.  some  sebaceous  glands  (rare). 

'  Some  authorities  consider  the  glands  of  Rruniier  to  belong  to  the  class  of  conipound  tubular  glands 
(Heideuliain,  VVatney,  Joiniesco,  etc.). 
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acini — e.(j.  testL-s,  kidney,  most 


Small  <iuct  from  an  alveolu: 
Large,  duct 


II.  Compound  glands. — Duct  divided. 
('/)  Compound  tubular. — Branched  elongated  tul)es, 

gatftri<-  glands. 

{h)  Compound  acinous  or  alveolar  (racemose  glaud.-<),  branched  duct  with  .saccular  acini 
on  terminal  branches — e.g.  salivary,  sebaceous,  and  Meibomian  glands  ;  the  mucous 
glands  of  the  mouth,  tongue,  palate,  .pharynx,  nose,  oesopliagus,  and  respiratory  tube. 

((•)  Acino-tubular. — Branched  duct,  with  elongated  narrow  acini  on  terminal  branches — ejj. 
pancreas,  Brunner's  glands,  pi'ostate. 

III.  Solid  gland.— The  livei. 

To  save  confusion  it  may  be  pointed  out  that  instead  of  acinus  the  term  alveolus  (and  also 
saccule  and  follicle)  is  often  usecf,  and  also  that  the  term  "  racemose  gland  "  is  often  conveniently 
used  instead  of  compound  acinous  gland. 

General  Structure  of  Glands.  — AVhilst  the  small  glands,  such  as  those  of  the 
mouth  and  phai'vnx,  are  placed  in  the  iiuicosa  or  submucosa  immediately  beneath  the 
point  at  whieli  their  ducts  ojjen  on  the  surface,  the  large  glands  form  distinct  masses, 
generally  surrounded  by  special  cajisules,  and  often  lie  at  a  considerable  distance  from 
the  points  at  which  their  ducts  open. 

One  of  these  large  glands  of  the  acinous  type,  such  as  the  jjarotid  or  subma.xillary, 
presents  the  following  general  arrangement.  Tlie  gland  is  made  up,  as  can  be  seen 
with  the  unaided  eye,  of  a  number  of  masses,  often  as  large  as  peas,  which  are  surrounded 
and  held  together  by  connective  tissue.  These  are  known  as  lobes,  and  to  each  a 
branch  of  the  duct  jjasses.  The  lobes  are  in  turn  made  up  of  a  number  of  smaller 
masses — lobules — each  having  a  special  brancli  of  the  lobar  duct.  These  again  are  com- 
posed of  smaller  lobules,  and  so  on  to  a  varying  degree.  Finally,  the  smallest  are  made 
up  of  a  terminal  branch  of  the  duct,  with  a  cluster  of  acini  or  alveoli  developed  upon  it. 

The  acini  or  alveoli,  the  special  secreting  portions  of  the  gland,  are  composed  of  a 
basement  membrane,  often  fenestrated  or  basket-like,  formed  of  flattened  cells,  on  the 
outer  side  of  which  the  blood  and  lymph  vessels  lie.  The  inner  surface  of  this  membrane 
is  lined  by  the  secreting  epithelial  cells,  usually  polygonal  in  shape,  which  almost  com- 
pletely fill  the  alveolus.    A  small  lumen,  however,  is  left,  into  which  the  secretion  of  the  cells 

is  shed,  whence  it  passes 
into  the  duct  of  the 
lobule,  and  thus  to  the 
main  duct. 

The  blood-vessels  and 
lymphatics,  on  entering 
the  gland,  break  up  and 
run,  branching  as  they 
go,  in  the  connective 
tissue  which  conveys 
them  to  all  parts  of  tlie 
gland. 

Mucous  and  Serous 
Glands.  —  Two  distinct 
varieties  of  salivary 
glands  are  foimd,  the 
serous  and  the  nuicous, 
differing  not  only  in  the 
nature  of  their  secretion, 
but  also  in  the  character 
of  the  epithelium  lining 
their  alveoli.  In  those 
of  the  mucous  tj'pe 
(Fig.  645)  the  epithe- 
lial cells  are  large,  cleai-, 
or  faintly  granular,  and 
the  nucleus  lies  as  a  rule  near  the  base  of  the  cell.  In  addition,  many  mucous  glands, 
but  not  all,  have  small  flattened  or  crescentic  cells,  distinctly  granular,  which  stain 
strongly  with  ordinary  stains,  lying  between  the  basement  memljranc  and  the  bases  of 
the  chief  cells.    These  are  the  crescenfx  or  demilunes  of  Gitmuzzi. 

In  the  acini  or  alveoli  of  serous  glands,  on  the  other  hand  (Fig.  645),  the  epithelial 
cells  are  distinctly  granular,  the  granules  staining  well  with  ordinary  stains  :  the  nuclei 
are  rounded  and  lie  near  tlie  centre  of  the  cells,  and  no  demilunes  are  present. 

In  man  the  parotid  and  the  small  glands  which  open  into  the  fossa;  of  the  circum- 


Crcsceut  of  Oiaiiuzzi 


Fig.  64.0. 


An  alveolus  with  .st'iTftin^'  ci'U 
Couufctive  tissui' 

-Section  of  a  Serous  Gland  on  the  left,  a  Mucol? 
ON  THE  HKiHT  SIDE  (Biihm  and  V.  Davidoft  ). 


(iLANU 


In  the  serous  gland  the  granular  secreting  celts  and  the  ceutrally-iilace<l  luicleus 
should  be  noted.  The  relatively  clear  cells,  with  the  dark  crescenta  of 
Gianuzzi,  are  distinctive  in  tlie  nuicous  gland. 
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vallate  papillte  alone  are  serous.  The  submaxillary  and  the  apical  gland  of  the  tongue 
are  'mixed,  the  serous  alveoli  being  the  more  numerous  ;  whilst  the  sublingual,  labial, 
buccal,  and  all  other  glands  of  the  mouth,  tongue,  and  palate  are  said  to  be  nmmus. 


Salivary  Glands. 

This  term  is  generally  understood  to  include  only  the  three  large  masses  of 
glandular  tissue  found  on  each  side  of  the  face — namely,  the  parotid,  submaxillary, 
and  sublingual  glands.    But,  as  previously  pointed  out,  numerous  other  small  glands 
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Fig.  646. — Horizontal  Section  thuough  Mouth  and  Pharynx  at  the  Level  of  the  Tonsils. 

The  stylopharyugeus,  which  is  shown  immediately  to  the  inner  side  of  the  external  carotid  artery,  and  the 
prevertebral  muscle.s,  are  not  indicated  by  reference  lines. 

of  a  similar  nature  are  found  in  the  lips,  cheeks,  palate,  tongue,  etc.  These  have 
already  been  sufficiently  described,  and  require  no  further  mention. 

Parotid  Gland  (glandula  parotis). — This,  the  largest  of  the  salivary  glands,  is  a 
distinctly  lolnilated-  mass  of  a  yellowish  or  light  reddish-brown  colour,  which  is 
placed  in  a  deep  recess  (the  par(jtid  recess)  at  the  side  of  the  head,  l)elow  and  in 
front  of  the  ear  (Fig.  G-iv).  It  extends  up  to  the  zygoma,  down  to  the  angle  of 
the  jaw  or  ^ven  to  a  lower  level,  and  backwards  to  the  sterno-mastoid  muscle. 
Internally  it  lies  on  the  styloid  process,  and  anteriorly  its  facial  process  is  continued 
for  a  variable  distance  over  the  surface  of  the  masseter. 

When  tlie  gland  is  carefully  removed  without  disturbing  the  surrounding  parts,  the 
recess  which  it  occupies  is  seen  to  be  a  considerable  space,  between  the  ramus  of 
the  jaw  in  front  and  the  sterno-mastoid  muscle  behind,  with  a  floor  formed  of  two 
sloping  walls,  an  anterior  and  a  posterior,  which  meet  at  an  angle  corresponding  pretty 
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closely  to  tlio  styloid  process.  Tims  the  recess  is  three-sided  (Fig.  646),  the  third 
side  corresponding  to  the  parotid  fascia  covering  the  gland.  Into  this  parotid  recess  the 
greater  part  of  the  parotid  gland  fits  closely.  From  its  anterior  part,  however,  the 
variably-developed  facial  process  is  continued  forward  over  the  masseter  muscle. 

Parotid  Fascia. — The  parotid  recess  is  covered  over  on  the  one  hand,  and  lined  on  ttie 
other,  by  fascia.  The  covering  layer  is  specially  known  as  the  ^^arotid  fascia,  and  botii  it 
and  the  lining  layer  are  derived  from  the  deep  cervical  fascia,  which  divides  below  to 
enclose  the  gland.  The  parotid  fascia  proper  is  connected  above  to  the  zygoma  ;  behind,  to 
the  auditory  meatus  and  anterior  border  of  the  sterno-mastoid  ;  below,  it  is  continuous 
with  the  deep  cervical  fascia,  and  in  front  it  jiasses  forwards  over  the  masseter,  and  joins 
the  fascia  of  that  muscle.  The  layer  of  fascia  beneath  the  gland  forms  a  lining  for  the 
recess,  and  is  united  above  to  the  periosteum  over  the  auditory  meatus  and  back  part  of 
the  glenoid  fossa  ;  internally  it  is  connected  to  the  styloid  process ;  whilst  below  it  joins 

the  deep  .cervical 
fascia.  Taken  together, 
the  two  layers  form  a 
definite  capsule  which 
completely  encloses  the 
gland.  in  connexion 
with  tlie  lower  and 
anterior  part  of  thi^ 
capsule  is  developed  a 
special  flat  band,  tiic 
stylo-mandibular  liga 
ment,  which  passes 
downwards  and  out- 
wards from  the  styloid 
process  to  the  angle  of 
the  jaw.  It  separates 
tiie  anterior  part  of  the 
parotid  gland  from  the 
back  of  the  internal 
pterygoid  muscle  ;  pcr- 
liaps  occasionally,  also, 
from  the  upper  and 
posterior  part  of  the 
snbma.xillarv  gland. 


StHMSon's  duct 
( )riHce  of  duct 
I'arotid  f,'laiid 

iMasspter  (cut) 

MiU'OUs  nicnibi'aiin 
(cut) 

Dec])  ])rocf'SS  ot   

subiiiaxillary  ;,'laud 
Mylohvoid  niu^clf 
(cut) 

SuliuiaxiUary  ^laud 

Lower  border  of  

inaudible 

Mylohyoid  muscle  — 
Auterior  belly  of 
digastric 

Hyoid  boue^ 


Fig.  64 


I  Uarlliolin  (rare) 
Wharton's  duct 
Uuct  of  subliui^ual  gland 
.Std)lingual  glaud 


ANDS  .\NU  THKUt  DUCTS 


The  greater  portiou  of  the  body  of  the  mandible  ha.s  been  removed  to  e.xpose  the 
sulilingual  auil  the  deeper  parts  of  tlie  submaxilhary  glands.    Four  ducts  of 
tlie  sublingual  glaud  are  shown  opening  on  the  Hoor  of  tlie  mouth  over  the  SurfaCSS 
gland,  a  hfth  is  shown  opening  into  the  anterior  end  of  Wharton's  duct.  ^(^.Jfj^^ 
The  course  of  Wharton's  duct  is  shown  by  a  dotted  line.  ' 


Shape  and.  Rela- 
tions of  the  Parotid 
Gland.  —  Like  the 
recess  in  which  it 
lies,  the  main  mass 
of  the  parotid  glanil 
is  three  -  sided  (Fig. 
C46),  the  three 
')eing  super- 
anterior,  and 
posterior. 

The  superficial  surface  is  closely  covered  ijy  tlie  parotid  fascia,  and  its  lower 
part  is  also  crossed  by  the  highest  fibres  of  tlie  platysma.  The  cmteriur  surface, 
approximately  flat,  lies  iu  contact  with  the  wide  posterior  surface  of  the  in- 
ternal pterygoid  muscle  ;  it  is  also  related  to  the  posterior  border  of  the  mandible 
and  the  masseter  muscle,  whilst  from  its  superficial  part  the  facial  process  is 
continued  forwards  over  that  muscle.  The  posterior  surface  lies  from  without 
inwards  against  (1)  the  antericjr  border  of  the  sterno-mastoid  and  the  auditory 
meatus,  (2)  the  posterior  lielly  of  the  digastric  and  the  occipital  artery,  and  (:3)  the 
spinal  accessory  nerve  and  carotid  sheath — the  internal  jugular  vein  within  the 
sheath  Toeing  iu  very  close  relation.  The  inner  angle  formed  by  the  meeting 
of  the  anterior  and  posterior  surfaces  corresponds  to  the  styloid  process  and  the 
styloid  muscles  (Fig.  646).  Above,  the  gland  is  limited  superficially  by  the 
zygoma;  more  deeply  a  thin  process  runs  up  into  the  posterior  part  of  the  glenoid 
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fossa.  Tnferiorly  it  usually  reaches  a  little  distance  below  a  line  prolonged  hori- 
zontally backwards  from  the  angle  of  the  jaw,  ljut  its  limit  in  this  direction  is 
variable. 

Occasionally  the  parotid  glaud  passes  down  a  considerable  distance  below  the  angle  of  the 
mandible,  lying  here  superficial  to  the  posterior  part  of  the  submaxillary  gland,  from  which  it 
is  sejmrated  Ijy  a  thickened  band  of  the  deep  cervical  fascia,  passing  from  the  angle  of  the  jaw  to 
the  fascia  of  the  sterno-mastoid.    At  other  times  it  does  not  quite  reach  the  angle. 

The  facial  process  of  the  gland — often  of  considerable  size — is  a  flat  and  some- 
what triangular  portion  which  runs  forwards  from  the  upper  part  of  the  gland, 
covering  the  masseter  muscle  to  a  varying  extent  ;  from  its  most  anterior  part 
the  parotid  duct  emerges,  and  a  separated  portion  of  this  process,  often  found  lying 
immediately  above  the  duct,  is  known  as  the  socia  parotidis  (glandula  parotis 
accessoria). 

Traversing  the  substance  of  the  gland  (Fig.  646)  are  found : — (1)  the  temporo- 
maxillary  vein ;  (2)  on  a  deeper  plane,  the  branches  of  the  facial  nerve  passing 
forwards ;  and  (3)  more  deeply  still,  the  external  carotid  artery  which  lies  beneath 
the  lower  part  of  the  gland,  but  is  embedded  in  its  deep  surface  above :  just 
before  it  emerges,  the  artery  divides  into  its  two  terminal  branches  in  the  gland 
substance. 

The  parotid  or  Stenson's  duct  (ductus  parotideusj  leaves  the  anterior  liorder 
of  the  gland  at  its  most  prominent  part  (Fig.  647).  It  first  runs  forwards  across 
the  masseter,  usually  accompanied  by  the  socia  parotidis  which  lies  aljove  it, 
and  also  by  branches  of  the  facial  nerve  ;  whilst  the  transverse  facial  artery 
is  commonly  some  distance  above,  though  its  relation  is  variable.  Having  crossed 
the  masseter,  it  arches  round  the  anterior  border  of  this  muscle  and  runs  inwards 
through  the  fat  of  the  cheek,  practically  at  right  angles  to  the  first  part  of  its 
course,  to  reach  the  buccinator,  which  it  pierces.  Then  passing  for  some  distance 
(5  to  10  mm.)  between  the  buccinator  and  mucous  membrane,  it  opens  into  the 
vestibule  of  the  mouth  by  a  very  small  orifice,  on  a  variably-developed  papUla, 
opposite  the  crown  of  the  second  upper  molar. 

The  course  of  the  duct,  which  is  fairly  constant,  can  be  marked  on  the  side  of 
the  face  by  drawing  a  line  from  the  lower  edge  of  the  auditory  meatus  to  a  point 
midway  between  the  ala  of  the  nose  and  the  red  of  the  lip ;  the  middle  tliird 
of  this  line  corresponds  fairly  accurately  on  the  surface,  to  the  course  pursued 
by  the  duct. 

* 

The  gland  varies  in  weight  from  half  an  ounce  to  an  ounce  or  more.  Several  small  lobes  or 
processes  are  found  in  connexion  with  it — viz.  one  running  Ijackwards  between  the  sterno-mastoid 
and  the  digastric ;  a  glenoid  lobe  of  very  small  size,  which  lies  in  the  posterior  part  of  the 
glenoid  cavity  ;  a  pharyngeal  process  (Fig.  646),  which  runs  forwards  and  inwards  between  the 
styloid  process  and  the  external  carotid  artery  towards  the  jiharyux.  A  pterygoid  extension 
running  forwards  between  the  two  pteiygoid  muscles,  although  descrilied,  cannot  properly  be  said 
to  exist. 

Stenson's  duct  measures  from  1\  to  2^  inches  (38  to  62  mm.)  in  length,  and  |  inch  (3  to  4  mm.) 
in  diameter.  The  calibre  of  the  duct  is  very  much  greater  than  that  of  its  orifice,  wliich  only 
admits  a  fine  bristle,  and  for  this  reason  the  duct  may,  to  some  extent,  be  looked  upon  as  a 
reservoir  for  the  saliva,  as  well  as  a  duct  for  its  conveyance.  In  tlie  child  it  ].iierces  the  "  sucking 
pad  "  on  its  way  to  the  moutli. 

Vessels  and  Nerves. — The  arteries  wliich  supply  the  gland  arise  from  the  external  carotid, 
and  from  the  Ijranches  of  this  artery  in  relation  to  the  gland. 

The  veins  join  the  temj3oro- maxillary  and  its  tributaries.  The  lymphatics  pass  to  both  the 
superficial  and  the  deep  cervical  glands  ;  tliere  are  also  a  few  small  parotid  lymphatic  glands, 
which  lie  on  the  surface  of  the  upper  and  lower  part  of  the  parotid  Ijeneath  the  capsule.  Some 
are  said  to  be  embedded  in  the  substance  of  the  parotid  itself 

The  nerves  are  derived  (a)  from  the  auriculo-temporal,  and  {h)  from  the  symjiathetic  on  the 
external  carotid.  The  fibres  of  the  sympathetic  are  mainly  vaso-coustrictoi'.  Tliose  of  tlie 
auriculo-temporal  convey  to  the  gland  secretory  fibres  from  the  glosso-phaiyngeal. 

Submaxillary  Gland. — The  submaxillary  gland  is  next  in  size  to  the  parotid, 
aud  resembles  it  in  its  lobulation  and  colour.  It  is  placed  partly  in  the  sub- 
maxillary triangle  and  partly  under  cover  of  the  posterior  part  of  the  mandiljle 
near  its  angle  (Fig.  647). 

In  size  and  shape  it  may  be  compared  to  a  small  walnut  with  three  fiattened 
61 
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sides.  It  is  enclosed  in  a  complete  capsule  derived  from  the  deep  cervical  fascia : 
embedded  in  this  capsule,  and  superficial  to  the  gland,  are  found  a  few  submaxillary 
lymphatic  glands,  which  are  of  importance  owing  to  their  connexion  witli  the 
lymphatics  of  the  lips  and  of  the  anterior  half  of  the  tongue. 

In  considering  the  relations  of  the  ghuid,  it  is  well  to  remark  that  there  is  in  this  region  a 
three-sided  space  bounded  externally  hy  the  inner  surface  of  the  mandilile  helow  the  mylohyoid 
ridge,  internally  and  above  by  the  mylohyoid  muscle  running  inwards  and  downwards,  and  below 
by  the  skin  and  fascia  jjassing  from  the  margin  of  the  jaw  oljliquely  inwards  and  downwards  to  join 
the  side  of  the  neck.  In  this  s])ace  the  gland  lies  with  external,  internal,  and  inferior  surfaces 
corresponding  to  the  walls  of  the  .space. 

The  superficial  or  inferior  surface  looks  downwards  and  outwards ;  it  is  covered 
by  the  deep  cervical  fascia  and  the  platysma,  and  is  crossed  by  the  facial  vein, 
whicli  lies  superficial  to  the  gland,  whilst  the  artery  passes  in  part  beneath  it.  The 
external  surface  rests  against  the  inner  aspect  of  the  lower  jaw  (sul)maxillary  fossa) 
for  an  inch  and  a  half  forward  from  the  angle,  to  which  latter  it  usually  reaches 
behind.  The  deep  or  internal  surface  lies  on  the  posterior  part  of  the  mylohyoid 
muscle,  and  liehiud  this,  on  the  hyoglossus  and  the  posterior  l)elly  of  the  digastric 
with  the  stylohyoid ;  for  the  gland  is  not  contained  within  the  limits  of  the  sul)- 
maxillary  triangle  interiorly,  but  passes  down  some  little  distance  over  the  digastric 
muscle.  From  the  deep  surface,  anterior  to  its  middle,  a  narrow  tongue-like  deep 
process  (Fig.  047)  is  continued  forwards  beneath  the  mylohyoid  muscle  along  with 
the  duct. 

The  posterior  end  of  the  gland,  which  is  its  most  liidky  portion,  either  abuts 
against,  or  lies  very  close  to,  the  sterno-mastoid,  and  is  often  overlapped  by  the 
lower  end  of  the  parotid  gland.  The  facial  arterj',  on  its  way  to  the  l:)orde^'  of  the 
mandible,  lies  in  a  groove  in  the  upper  and  back  part  of  the  gland. 

The  submaxillary  or  Wharton's  duct  leaves  the  deep  surface  of  the  gland 
about  its  middle,  and  rims  forwards  beneath  the  mylohyoid  muscle  with  the  deep 
process,  along  the  upper  and  inner  aspect  of  whicli  it  is  placed  (Eigs.  646  and  643;. 
Pursidng  its  course  forwards  beneath  the  floor  of  the  mouth,  on  the  inner  side  of 
the  sublingual  gland,  the  duct  crosses  the  hyoglossus  and  the  geniogiossus  muscles, 
and  finally  opens  on  the  floor  of  the  mouth  at  the  side  of  the  frenulum  lingu*, 
where  its  small  orifice  is  placed  on  the  summit  of  a  soft  papilla  (caruncula  sub- 
lingualis) close  to  its  fellow  of  the  opposite  side. 

While  running  forward  l  )eneath  the  floor  of  the  mouth  the  duct,  which  is  about  two  inches  long 
(50  mm.),  is  crossed  on  its  inferior  aspect  by  the  lingual  nerve  near  the  anterior  border  of  the 
hyo-glossus,  that  is  opposite  the  2nd  molar  tooth.  The  nerve  at  the  time  is  arching  from  the 
posterior  end  of  the  mylo-hyoid  ridge  (against  which  it  lies)  inwards  and  forwards  in  order  to 
reach  the  under  surface  of  the  tongue,  and  in  this  course  it  jjasses  beneath  the  duct  at  the  point 
indicated.  As  in  the  case  of  Stenson's  duct,  the  calibre  of  Wharton's  duct  is  much  greater  than 
that  of  the  orifice  by  which  it  opens  ;  for  this  reason  it  may  likewise  be  looked  upon  as  firming, 
to  some  extent,  a  reser\-oir  for  the  .saliva  secreted  by  the  gland. 

Vessels  and  Nerves. — The  arteries  come  chiefly  from  the  facial  and  its  submental  branch  : 
the  veins  are  siunlarly  disposed.  The  nerves  are  derived  from  the  submaxillary  ganglion  (which 
lies  aV)o\'e  tlie  deep  prdcess  of  the  gland),  and  are  composed  of  fibres  from  the  chorda  tympani, 
from  the  lingual,  and  from  the  symjiathetic  on  the  facial  ai-tery.  The  lymphatics  pass  to  the 
.submaxillary  lymphatic  glands. 

Sublingual  Gland. — This  is  an  elongated  almbnd-shaped  mass,  flattened  from 
side  to  side,  and  much  wider  (from  altove  downwards)  in  front  than  behind,  which 
lies  on  the  floor  of  the  mouth  l)eneath  the  phca  su])hngualis — a  ridge  of  the  mucous 
memljrane  produced  the  prominent  upper  I)order  of  the  gland.  It  is  usually 
from  Ih  to  If  inches  (oT  to  45  nnu.)  in  lengtli,  whilst  its  l)ulk  is  aliout  equal  to 
that  of  two  or  three  almonds. 

It  is  placed  between  the  mandible  externally,  the  geniogiossus  internally,  the 
mylohyoid  muscle  below,  and  the  mucous  membi^ane  of  the  mouth  al)0ve  (Fig.  637). 

Its  detailed  relations  are  as  follows  : — Its  outer  snrfare  rests  against  the  inner  aspect 
of  the  body  of  the  mandible  above  the  mylohj'oid  ridge.  Its  imter  surface  is  in  contact 
with  tlie  geniogiossus  and  the  hyoglossus  muscles,  as  well  as  with  Wharton's  duct,  which 
runs  forwards  between  the  gland  and  the  uuiscles.  Below,  it  rests  on  the  mylohyoid,  and 
at  its  posterior  part  on  the  deep  ])r()ccss  of  the  submaxillary  ghuid  ;  whilst  its  upjn')- 
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2)rominent  border  is  covered  only  by  the  mucous  membrane  of  the  mouth,  here  raised  up 
by  the  gland  to  form  the  pUca  sublingualis  (Fig.  643).  The  anterior  portion  of  the  gland 
is  much  deeper  and  more  bulky  than  the  posterior  half,  and  it  meets  its  fellow  in  the 
middle  line  beneatli  the  frenulum  lingure.  The  posterior  extremity  grows  gradually  more 
slender,  and  ends  near  the  posterior  part  of  the  mylohyoid  ridge,  where  it  lies  above  the 
deep  process  of  the  submaxillary  gland. 

Its  ducts,  generally  known  as  the  ducts  of  Rivinus  (ductus  suljlinguales  miaores), 
are  numerous  and  of  small  size  ;  they  leave  the  upper  part  of  the  gland,  and,  after  a 
short  course,  open  on  a  series  of  papilla3,  visil)le  to  the  naked  eye,  which  are  placed 
along  the  summit  of  the  plica  sublingualis. 

The  gland  is  not  enclosed  in  a  distinct  capsule,  thus  ditfering  from  tlie  parotid  and  submaxil- 
lary glands  ;  hut  its  numerous  lobules,  which  are  smaller  than  those  of  the  glands  just  mentioned, 
are  held  together  by  fine  connecti^'e  tissue,  loosely,  but  still  in  such  a  manner  as  to  make  one 
more  or  less  consolidated  mass  out  of  wliat  was,  in  the  embryo,  a  number  of  separate  glands. 

As  a  rule  all  the  ducts  open  sejmrately  on  the  summit  of  the  plica  sublingualis,  and  apj^ar- 
ently  none  of  them  join  Wharton's  duct.  Frequently  some  of  those  from  the  anterior  and  more 
bulky  part  of  the  gland  are  larger  than  the  others,  but  the  presence  of  a  large  duct  running 
alongside  of  Wharton's  duct,  and  opening  with  or  beside  it  (ductus  major  Eivini,  duct  of 
Bartholin),  is  very  rare,  and  must  be  considered  as  an  exceptional  condition  in  man,  although 
normal  in  the  ox,  sheej),  and  goat.  The  same  may  also  be  said  of  ducts  from  the  suliliugual, 
which  are  described  as  opening  into  the  duct  of  Wharton. 

Vessels  and  Nerves. — The  arteries  are  derived  from  the  sublingual  branch  of  the  lingual 
and  from  the  submental  branch  of  the  facial.  The  nerves  come  from  the  lingual,  the  chorda 
tympani,  and  the  sympathetic,  through  a  Ijranch  of  the  submaxillary  ganglion  which  joins  the 
lingual,  and  is  conveyed  by  it  to  the  gland. 

The  apical  gland  of  the  tongue  (Nuhn's)  is  described  with  the  tongue,  p.  956. 

Development  of  the  Salivary  Glands,  Palate,  and  Tongue. 

The  general  development  of  the  lips,  mouth,  palate,  and  tongue  is  described  on  pages 
35  to  40,  and  reference  will  be  made  here  only  to  a  few  special  points  connected  with 
these  parts. 

Several  explanations  of  the  formation  of  the  philtrum  or  groove  on  the  front  of  the 
upper  lip  have  been  put  forward  ;  most  probably  it  is  produced  by  the  union  of  the  median 
fronto-nasal  process  with  the  two  maxillary  processes  (see  p.  38),  the  floor  of  the  groove 
being  formed  by  the  fronto-nasal  process,  and  the  ridges  bounding  the  groove  at  the  sides 
corresponding  to  the  line  of  meeting  of  the  fronto-nasal  with  the  maxillary  processes. 

The  salivary  glands  are  developed  as  solid  outgrowths  of  the  buccal  epithelium,  one 
each  for  the  submaxillary  (the  first  developed)  and  the  parotid,  several  for  the  sublingual 
gland.  The  outgrowths  are  at  first  simple ;  they  subsequently  divide,  and  finally  develop 
alveolar  enlargements  on  their  extremities.  By  a  separation  of  the  lining  cells,  the  ducts, 
and  later  on  (about  the  22nd  week)  the  alveoli  become  hollowed  out,  and  present  a  lumen 
as  in  the  adult. 

The  development  of  the  palate  is  given  at  page  39  ;  but  it  should  be  mentioned 
that,  in  order  to  account  for  the  position  which  the  fissure  in  cleft  palate  usually  occupies, 
viz.  between  the  central  and  lateral  incisors,  the  theory  has  been  advanced  by  Albrecht, 
that  each  premaxilla  is  made  up  of  two  separate  segments,  an  inner  (or  endo-gnathion), 
containing  the  central  incisor,  and  an  outer  (or  meso-gnathion),  containing  the  lateral 
incisor  (the  rest  of  the  maxilla  constituting  the  exo-gnathion).  Between  these  two 
segments  of  the  premaxilla  (endo-  and  meso-gnathion)  the  cleft  is  said  to  run,  and  not 
between  the  premaxilla  and  maxilla  as  usually  held. 

Tongue. — The  tongue  is  developed  in  the  embryo,  not  on  the  floor  of  the  mouth, 
but  in  connexion  with  the  anterior  wall  of  the  pharynx,  and  in  two  parts,  which  are  at 
first  distinct  but  soon  unite.  The  anterior  two-thirds  of  the  organ  is  formed  from  the 
tuberculum  impar,  a  single  median  elevation,  developed  on  the  ventral  wall  of  the  pharj^nx, 
immediately  behind  the  first,  or  mandibular,  visceral  arch.  Behind  the  tuberculum  impar, 
at  first,  lies  a  prominent  elevation — the  furcula,  from  which  the  epiglottis  is  formed — the 
two  being  separated  by  a  distinct  sulcus,  the  sinus  arcuatus  (see  p.  35).  Soon,  however, 
the  ventral  extremities  of  the  second  and  third  visceral  arches,  growing  downwards,  unite 
across  the  middle  line,  and  separate  the  tuberculum  from  the  furcula,  thus  dividing 
the  middle  portion  of  the  sinus  arcuatus  into  an  anterior  and  a  posterior  part. 
The  ventral  ends  of  the  two  arches  having  fused,  develop,  after  a  little  time,  into  a 
prominent  semilunar  ridge,  the  rudiment  of  the  posterior  third  of  the  tongue.    This  ridge 
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embraces  the  back  of  the  tuberculum  impar,  but  it  is  separated  from  it  in  part  by  the 
anterior  division  of  the  sinus  arcuatus,  which  persists  even  in  the  adult  as  the  foramen 
ctecum,  with  the  sulcus  terminalis  running  forwards  and  outwards  on  each  side  from  it. 
Finally,  the  two  rudiments  of  the  tongue — the  tuberculum  impar  and  the  semilunar  ridge 
—become  blended,  the  only  indication  of  the  original  separation  being  the  foramen  ca-cum, 
the  sulcus  terminalis,  and  the  different  characters  which  the  mticous  membrane  presents 
on  the  two  divisions  of  the  organ.  At  the  foramen  ciecum  tiie  downgrowth  which  gjves 
rise  to  the  isthmus  of  the  thyroid  gland  takes  place,  and  a  part  of  the  thyro-glossal  duct 
which  in  the  early  condition  connects  the  two  may  sometimes  be  found  in  the  adult  in 
connexion  with  tlie  foramen. 
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'2iid  permanent  premolar 


1st  permanent  molar 


2nd  perman 


The  teeth  are  highly  modified  portions  of  the  mucous  membrane  of  the  mouth, 
specially  developed  to  perform  the  important  function  of  mastication,  that  is,  the 
division  and  trituration  of  the  food  which  takes  place  in  tlie  mouth  before  the  holus, 

as  the  resulting 

Permanent  canine  UfWWWk  maSS   is   Called,  Can 

be  swallowed.  Each 
tooth  is  a  calcified 
papilla  of  the  mucous 
membrane  of  the 
mouth,  and  consists 
like  that  membrane 
of  two  chief  portions 
— namely,  the  den- 
tine derived  from  the 
connective  tissue, 
and  the  enamel  from 
the  epithelial  layer 
of  the  mucous  mem- 
brane. The  dentine 
constitutes  the  chief 
mass  of  the  tooth, 
whilst  the  enamel 
forms  a  cap  for 
the  portion  which 
projects  above  the 
gum.  There  is  also 
found  in  the  teeth 
another  special 
tissue — the  cemen- 
tum  orcrusta  petrosa, 
a  form  of  modified 
bone — which  en- 
cases the  roots,  these 
latter  being;  formed 


dental  canal 


2nd  milk  molar 

1st  milk  mol 

Mental  I'uranie 

Fig.  648. — Teeth  of 


Child  over  Seven  Years  old  (modified  from  Testut). 

By  removing  the  bony  outer  wall  of  the  alveoli,  the  roots  of  the  teeth  which  have 
been  erupted,  aud  the  permanent  teeth  which  are  .still  embedded  iu  the 
mandible  and  maxilla,  have  been  exposed.  The  milk  teeth  are  coloured  blue, 
the  permanent  teeth  yellow.  Tt  will  be  seen  that  the  first  permanent  molars 
have  appeared,  the  central  aud  lateral  milk  incisors  have  beeu  replaced  by  the 
corresponding  permanent  teeth  in  the  upper  jaw,  but  the  milk  canine  aud 
molars  have  not  yet  been  shed.  In  the  lower  jaw  the  central  milk  incisor  has 
been  replaced  by  the  permanent  central ;  the  lateral  has  not  yet  beeu  shed,  but 
its  permanent  successor  is  making  its  way  up  to  the  surface  on  its  lingual  side. 
In  addition,  the  canine  and  two  molars  of  the  milk  set  persist.  The  position  chiefly  of  dentine, 
of  the  crowns  of  the  permanent  teeth  between  the  roots  of  the  milk  molars,  D  e  n  t  i  ne  a  11  d 
and  the  deep  situation  occupied  by  the  permanent  canines,  should  be  noted.  1  V>  f        f ' 

Observe  also  the  absorption  of  the  root  of  the  lower  lateral  incisor  enamel,  DUt  particu- 

larly the  latter,  are 

the  hardest  and  most  resistant  structures  in  the  body,  and  are  thus  specially  fitted 
for  the  functions  which  they  have  to  perform. 

Temporary  and  Permanent  Teeth. — The  mouth  of  the  infant  at  birth  contains 
no  teeth,  although  a  number,  partly  developed,  lie  embedded  in  the  jaws  beneath 
the  gum.  Some  six  months  later  teeth  begin  to  appear,  and  by  the  end  of  the 
second  year  a  set,  known  as  the  milk  teeth,  twenty  in  number,  has  been  "  cut." 
Then  follows  a  pause  of  about  four  years,  during  which  no  visible  change  takes 
place  in  the  mouth,  although  in  reality  an  active  preparation  for  further  develop- 
ment is  going  on  beneath  the  gum. 
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At  the  end  of  this  period,  namely,  about  the  sixth  year,  the  next  stage  in  the 
production  of  the  adult  condition  begins.  It  consists  in  the  eruption  of  four  new 
teeth — the  first  permanent  molars — one  on  each  side,  above  and  below,  behind  those 
of  the  milk  set.  This  is  followed  by  the  gradual  falling  out  of  the  twenty  teeth 
which  have  occupied  the  mouth  since  the  second  year  (Fig.  648),  and  the  sub- 
stitution for  them  of  twenty  new  teeth,  which  take  up,  one  by  one,  the  vacancies 
created  by  the  dropping  out  of  each  of  the  milk  set.  Finally,  the  adult  condition 
is  attained  by  the  eruption  of  eight  additional  teeth — the  2nd  and  3rd  molars — 
two  on  each  side,  above  and  l)elow,  behind  those  which  have  already  appeared.  All 
of  these — the  permanent  set — have  appeared  by  the  end  of  the  twelfth  or  thirteenth 
year,  except  the  four  wisdom  teeth,  which  are  usually  cut  between  the  seventeenth 
and  twenty-fifth  year,  hut  are  often  delayed  until  a  very  much  later  period,  and 
occasionally  never  appear. 

The  set  of  teeth  which,  as  indicated  above,  begin  to  appear  in  the  infant  about 
the  sixth  month,  are  known  as  the  deciduous,  temporary,  or  milk  teeth  (dentes 
decidui),  whilst  those  which  succeed  them  and  form  the  adult  equipment  are  the 
permanent  teeth  (dentes  permanentes). 

The  milk  teeth  are  twenty  in  number,  and  are  named  as  follows  in  each  jaw, 
beginning  at  the  middle  line : — central  incisor,  lateral  incisor,  canine,  first  molar 
and  second  molar ;  or  more  briefly,  two  incisors,  one  canine,  two  molars.  This  is  con- 
veniently expressed  by  the  "  dental  formula  "  for  the  deciduous  teeth  in  man,  which 
shows  the  number  of  each  class  of  teeth  above 
and  l)elow  on  one  side  of  the  mouth,  viz.:  — 


I.  -5,  C. 


■in. 


Enamel 


The  permanent  teeth,  thirty  -  two  in 
number,  are  named  in  each  jaw,  beginning 
at  the  middle  line: — central  incisor,  lateral 
incisor,  canine,  1st  premolar  (or  bicuspid), 
2nd  premolar  (or  bicuspid),  1st  molar,  2nd 
molar,  and  3rd  molar  or  wisdom  tooth 
(dens  serotinus).  The  dental  formula  for 
the  permanent  set  in  man  is  thus  : — 


Ci'owi 


Pulp 
cavity 


m.  ^. 


Neck 


c.  f,  pm. 

General  Form  and  Structure. — A  tooth 
consists  (Fig.  649)  of  (1)  the  crown  (corona 
dentis),  the  portion  projecting  aliove  the 
gum,  which  varies  in  shape  in  the  different 
teeth,  and  in  all,  except  the  incisors  and 
canines,  bears  on  its  head  or  grindino-  surface 
a  number  of  tubercles  or  cusps  (tubercula 
coronfe),  varying  in  number  from  two  to  five 
in  the  different  teeth ;  (2)  the  neck  (collum 
dentis),  the  faintly  constricted  part  which  is 
surrounded  collar-wise  by  the  gum,  and 
which  connects  the  crown  with  (3)  the  root 
(radix  dentis),  the  portion  of  the  tooth 
which  is  ernbedded  in  the  alveolus  of  the 
maxilla  or  the  mandible.  In  the  majority 
of  teeth,  namely,  in  all  except  the  molars, 
the  root,  as  a  rule,  is  single,  or  nearly  so, 
and  consists  of  a  long,  tapering,  conical,  or 
flattened  piece,  perfectly  adapted  to  the 
alveolus  in  which  it  lies.  In  the  molar  teeth  (and  in  some  of  the  others  occasion  - 
ally)  the  root  is  divided  into  two  or  three  tapering  or  flattened  roots  or  fangs. 
At  the  apex  of  each  root  there  can  be  made  out,  even  with  the  naked  eye, 
a  minute  opening  (foramen  apicis)  through  which  the  vessels  and  nerves  enter  the 
tooth. 


Root 


Bout;  1  \ 

Cement  or  cru.sta  petrosa 

Alveolar  periost  eum  or  root-membrane 

Fig.  649. — Vertical  Section  of  Cakine  Tooth. 
to  illustrate  its  various  parts,  and  its  structure. 
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On  making  a  section  of  a  tooth  (Fig.  649),  it  will  be  seen  that  the  interior  of 
the  body  is  occupied  by  a  cavity  of  some  size,  generally  called  the  pulp  cavity 
(cavum  dentis),  owing  to  the  fact  that  it  is  filled  in  the  natural  state  l)y  the  soft 
and  sensitive  tissue  known  as  the  pulp.  This  pulp  cavity  gradually  narrows 
l)elow,  and  is  prolonged  into  each  root  of  the  tooth  as  a  slender  tapering  passage, 
the  root  canal  (canalis  radicis),  which  opens  at  the  apical  foramen  already  referred 
to.  Through  these  root-canals,  which  also  contain  some  pulp,  the  vessels  and 
nerves,  which  enter  at  the  apex,  pass  to  the  interior  of  the  tooth. 

Short  diverticida  of  the  pulp  cavity  are  prolonged  into  the  ])ases  of  the  cusps  in 
the  molar  and  premolar  teeth,  and  in  the  incisors  also  there  are  similar  slight  pro- 
longations of  the  cavity  towards  the  angles  of  the  crown. 

The  roots  of  the  teeth  are  embedded  in  the  sockets  or  alveoli  of  the  jaws,  to 
which  they  are  accurately  adapted,  and  firmly  united  (Fig.  649)  l)y  a  highly 
vascular  layer  of  connective  tissue — the  alveolar  periosteum  (alveolo-dental  perios- 
teum or  root-membrane).  This  is  attached  to  the  wall  of  the  alveolus  on  the  one 
hand  and  to  the  root  of  the  tooth  on  the  other,  wliilst  above  it  is  continuous  with 
tlie  connective  tissues  of  the  gum. 

So  accurately  are  the  root  and  the  alveolus  adapted  to  each  other  over  their 
whole  extent,  and  so  firmly  does  the  periosteum  bind  them  together,  that,  under 
normal  conditions,  the  tooth  is  quite  firmly  fixed  in  the  bone,  and  no  movement 
of  the  root  within  the  alveolus  can  take  place ;  the  vessels  and  nerves  entering  at 
the  apex  are  thus  secured  against  pressure  or  strain. 

When,  however,  the  alveolar  periosteum  is  inflamed  it  becomes  swollen  and  exquisitely  sensi- 
tive ;  the  tooth,  as  a  result  of  the  swelling,  is  pushed  partly  out  of  its  socket,  its  crown  projects 
above  those  of  its  neighbours,  and  strikes  against  the  opposing  tooth  when  the  mouth  is  closed, 
giving  rise  to  much  pain  and  discomfort. 

The  neck,  although  a  useful  term,  can  scarcely  be  recognised  as  a  distinct  constriction  in  the 
permanent  teeth ;  it  corresponds  to  the  line  along  which  the  gum  and  ah-eolar  periosteum  meet, 
or  along  which  the  gum  is  united  to  the  tooth  ;  but,  as  already  pointed  out,  the  gum  does  not 
stop  at  the  neck,  but  forms  a  free  fold  which  surrounds  the  Ijase  of  the  crown  collar-wise  for  a 
short  distance.  The  outline  of  the  margin  of  the  gum  opposite  the  labial  and  lingual  surfaces  of 
the  crown  is  usually  concave,  but  opposite  the  proximal  and  distal  sides  of  the  tooth  it  is  convex, 
and  reaches  much  nearer  to  the  edge  of  the  crown  than  on  the  other  surfaces. 

In  the  incisors  and  canines  the  pulp  cavity,  which  is  about  ^  to  |  the  diameter  of  the  tooth, 
])asses  very  gradually  into  the  root  canal  (Fig.  649),  so  that  it  is  dilficiilt  to  say  where  one  ends 
and  the  other  begins.  The  reverse  is  the  case  in  the  molars,  whilst  the  premolars  are  somewhat 
variable  in  this  resjject. 

Tartar  is  a  hard  calcareous  deposit  from  the  saliva  (salivary  calculus),  often  found  on  the  teeth 
near  their  necks.  It  is  composed  of  lime  salts,  and  its  deposit  is  largely  determined  by  the 
presence  oi'  organisms  (leptothrix,  etc.)  in  the  mouth. 

THE  PERMANENT  TEETH. 

The  permanent  teeth  (Figs.  650  and  655)  are  thirty-two  in  numl)er,  sixteen  above 
and  sixteen  below,  or  eight  in  each  half  of  either  jaw ;  and,  although  we  can  group 
them  under  four  heads — incisors,  cauines,  premolars,  and  molars — the  individual 
teeth  differ  so  much  in  their  characters  that  each  tooth  will  require  a  separate 
description. 

Descriptive  Terms. —  Before  describing  the  permanent  teetli,  it  will  be  well  to 
explain  certain  terms  used  to  denote  the  surfaces  of  the  teeth,  a  matter  of  some  import- 
ance, seeing  that  the  terms  inner  and  outer,  anterior  and  posterior,  cannot,  owing  to  the 
curvature  of  the  dental  arches,  be  properly  applied  to  all  the  teeth  in  the  same  sense. 
For  this  reason  the  terms  given  below  have  been  adopted  as  being  free  from  misconception. 

The  part  of  a  tootli  which  comes  in  contact  witli  the  teeth  of  the  opposite  jaw  is  known 
as  the  grinding  or  masticating  surface  (facies  masticatoria.  Fig.  652).  The  surface  in 
contact  with  or  looking  towards  its  predecessor  in  the  row  is  known  as  the  proximal 
surface  (  facies  medialis  in  incisors  and  canines,  fades  anterior  in  premolars  and  molars) ; 
the  opposite  surface,  namely,  that  which  looks  towards  its  successor  in '  the  row,  is  known 
as  the  distal  surface  {fades  lateralis  in  incisors  and  canines,  fades  -posterior  in  molars  and 
]n-emolars).  The  surface  which  looks  towards  the  tongue  is  the  lingual  surface  (facies 
Ungualis),  and  that  looking  in  the  opposite  direction,  i.e.  towai'ds  the  lips  and  cheek,  the 
labial  surface  (facies  labialis).  The  portion  of  a  tooth  which  touches  its  neighbour  in  the 
same  row  is  known  as  the  contact  surface  (facies  contactus). 
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Incisor  Teeth  (dentes  incisivi,  Figs.  650  and  651). — These  teeth,  four  in  number 
in  each  jaw,  are  used  specially  for  cutting  the  food,  hence  their  name.  The  crown 
of  each  is  chisel-shaped,  and  presents  an  anterior  or  labial  surface  which  is  convex 
in  all  directions,  a  posterior  concave  surface,  and  a  chisel-like  edge,  which,  when 
rirst  cut,  is  surmounted  by  three  small  tubercles  separated  by  two  grooves.  These 
tubercles,  however,  are  soon  worn  down,  and  the  edge  becomes  straight  or  nearly 
so.  Owing  to  the  fact  that  the  iipper  incisors  overlap  those  in  the  lower  jaw,  the 
cutting  edge  is  worn  away,  or  bevelled,  on  the  posterior  aspect  in  the  former,  but 
on  the  anterior  aspect  or  summit  in  the  latter.  The  upper,  but  particularly  the 
upper  central  incisors,  are  of  large  size,  and  slope  somewhat  forwards ;  wliilst  the 

2nd  molar  2iid  premolar  Canine  -         Centra]  incisor 


2nd  molar  2nd  premolar  Canine  Central  inci>ior 

Fiti.  650. — The  Perm-^nent  Teeth  ov  the  Riuht  Side,  Outer  ur  Labial  Aspect. 

The  upper  row  sliows  the  upper  teeth,  the  lower  row  the  lower  teeth.    The  wide  vertical  "  labial  riilge"  is 
distinct  on  the  upper  canine  and  premolar  teeth. 

lower  incisors,  which  are  all  nearly  equal  in  size,  are  much  suialler — being  the 
smallest  of  all  the  teeth — and  are  placed  vertically.  The  roots  of  the  incisors  are 
single,  though  a  oroove  is  occasionally  seen  on  eacli  side,  sugaesting  a  division. 

Tlie  renti'al  upper  incisors  are  very  much  larger  than  the  upper  lateral  incisors  (Fig.  650),  but  in 
the  lower  jaw  the  opposite  is  the  case,  the  lateral  incisors  being  .slightly  the  larger.  In  all  incisors 
the  outer  (distal)  angle  of  the  crown  is  more  rounderl  than  the  proximal.  The  posterior  concave 
surface  of  the  crown  in  the  upper  incisors  is  usually  limited  towards  the  gum  by  a  A-shaped 
ridge  (Fig.  651),  known  as  the  basal  ridge  or  cingulum.  Tlie  two  limlis  of  the  A  are  continued 
up  along  the  sides  of  the  posterior  surface,  whilst  the  ajiex  is  turned  towards  the  gum  ;  and  here, 
particularly  in  the  lateral  incisor,  there  is  often  developed  a  small  lingual  cusp  (Fig.  651).  The 
cingulum  is  rarely  found  on  the  lower  incisors. 

The  roots  of  the  upper  incisors  and  canines  are  conical  and  i'(.)unded  (the  laterals  and  canines 
not  so  distinctly  as  the  centrals,  Fig.  654),  whilst  those  of  the  lower  jaw  £ire  flattened  from  side  to 
side  (proximo-distally). 

Canine  Teeth. — In  the  four  canine  teeth  (dentes  canini),  which  succeed  the 
incisors  in  each  row  (Figs.  650  and  651),  the  crown  is  large  and  conical,  corresponding 
closely  in  gen^'al  foxm  to  a  very  large  central  incisor  with  its  angles  cut  away, 
so  that  the  crown  assumes  a  pointed  or  conical  shape.  The  labial  surface  is 
convex,  the  lingual  tisually  somewhat  concave.  The  root  is  single  and  long,  par- 
ticularly in  the  upper  canine,  the  root  of  which  is  longer  than  that  of  any  other 
tooth,  and  produces  the  canine  eminence  on  the  anterior  surface  of  the  itpper  jaw. 
The  upper  canines  are  larger  than  the  corresponding  lower  teeth,  1  )ehind  which 
they  bite ;  and  they  are  sometimes  kmiwn  as  the  "eye  teeth." 

The  upper  canine  presents  on  its  lingual  surface  a  well-marked  cingulum,  and  often  a  distinct 
lingual  cusp  ;  in  addition,  there  is  usually  a  median  ridge  running  i'rom  the  point  of  the  crown 
to  the  apex  of  the  cingulum,  which  is  separated  from  the  lateral  part  of  the  cingulum  on  each 
side  by  a  slight  depression.  These  points  are  neither  so  well  marked,  nor  so  constant,  in  the 
lower  as  in  the  upper  (;anine. 
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Of  the  tv.-o  margins  .s]oi)ing  away  Ironi  the  apex  of  the  ci-owii,  the  lateral  is  the  longer  in  both 
teeth.    After  it  has  been  a  little  worn  the  lower  canine  is  le.s.s  distinctly  pointed  than  the  upper  ; 


Cpiitial  incisor 


Canine 


2nrl  ]jremolar 


I    Tja^pial  incisdp        1st  prpinolar  | 


2ik1  molar 


1st  molar 


3rcl  molar 


Iiaterai  inoi 
Central  incisor 


1st  premolar  1st  molar  3nl  molar 

OiUiinc  2n*l  premolai'  2n<l  niolai 


Fro.  6.51. — Thk  Prhmanent  Teeth  of  the  Ri(iHT  Side,  Innek  ok  Lingual  Aspect. 

The  upper  row  shows  the  upper  teeth,  the  lower  row  the  lower  teeth.    The  oingulum  is  distinct  on  tlie  upper 
incisors  and  botli  canines,  the  lingual  cusp  on  the  njiper  lateral  incisor  and  the  upper  canine. 

its  root  is  also  more  flat  tened.  On  the  labial  surface  of  the  crown,  of  both  canines  and  premolar.s, 
a  wide  low  vertical  ridge  (labial  ridge)  can  generally  be  made  out  (Fig.  6.50) ;  it  is  most  dis- 
tinct on  the  canine  and  tirst  tipper  preniolai-. 

Premolar  or  Bicuspid  Teeth  (deutes  premolares,  Figs.  650  ami  651). — Eight  iu 
nmnber,  two  in  each  jaw  above  and  lielow,  the  prem(;lar  teeth  are  placed  beliintl  the 

canines,  and  in  front  of  the  molars  as  indi- 
cated by  the  term  "premolar."  Tlie  crown, 
which,  unlike  that  'of  the  incisors  and 
canines,  is  flattened  from  before  ))ackwards 
(proximo-distally),  is  characterised  l)}^  the 
presence  (jf  tw(j  cusps  (Fig.  652),  hence 
the  term  l)icuspid  often  applied  to  these 
teeth.  One  of  the  cusps,  the  larger,  is 
placed  on  the  outer  or  labial,  the  other 
<m  the  inner  or  lingual  side.  The  labial 
and  lingual  surfaces  are  l)oth  convex. 
The  root  is  single,  but  it  is,  as  a  rule, 
Hattened  from  before  backwards  (proximo- 
distally)  and  grooved,  showing  in  this  a 
tendency  to  division,  which  often  actually 
takes  place  in  the  first  upper  premolar. 
The  upper  premolars  are  easily  distin- 
guished by  the  fact  that  their  two  cusps 
are  large  and  are  separated  from  one 
The  cusps  of  the  premolars  and  molars  of  the  right  another  by  a  distinct   autcro- posterior 

side  (left  of  picture)  are  particnlarly  well  .shovvn.  jisSUYQ  (Fig.  652):  whilst  in  the  lower 
The  ndge  from  tlie  inner  anterior  (pro.xiino-  i  j_i       j_i       i       i  i.i 

lingual)  to  the  outer  po.sterior  (labio-distai)  cusp  premolars,  ou  the  Other  hand,  the  separa,- 

is  also  distinct  in  the  tirst  and  second  molars.    tioU  l)etween  the  twO  CUSpS  is  UOt  effected 

The  second  molars  show  four  cusps,  one  of       ^  continuous  fissure  as  in  the  upper 

them  small,  although  three  only  are  frequently   ,     , ,     ^     ,  ^      ,         t      i    tt       t  • 

found.  J         ^      J  teeth,  Intt  by  two  dimple-like  depressions 

separated  liy  a  ridge,  which  joins  the  two 
cusps  (Fig.  653).  In  the  upper  premolars,  therefore,  the  two  cusps  are  separated 
by  a  fissure,  in  tlie  lower  they  are  united  by  a  ridge. 

The  first  upper  premolar  is  often  slightly  larger  than  the  second  ;  the  reverse  is  the  case  in 
the  lower  jaw.    The  outer  or  labial  .surface  of  the  crown  is  usually  somewhat  larger  than  the 


Fk;.  652.- 


-The  UiM'EK  Permanent  Teeth,  viewed 
from  below. 
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inner  or  lingual  surface  in  all  premolars.  The  upper  are  distinguished  from  the  lower  bicuspids, 
as  jjointed  out  above,  by  the  fact  that  in  the  ujjper  the  two  cusps  are  separated  by  a  groove,  in  the 
lower  they  are  united  by  a  ridge  ;  in  the  latter  also  the  crowns  are  more  circular  (Figs.  646  and  653). 
It  will  furtlier  usually  be  found  tliat  the  outer  or  labial  surface  of  the  crown  is  strongly  sloped 
(bevelled)  inwards,  near  the  grinding  surface,  in  the  lower  j^remolars.  The  first  can  usually  be 
distinguished  from  tlie  second  by  the  fact,  that,  while  the  lingual  cusj)  and  surface  are  smaller 
than  tlie  labial  in  the  first  premolar,  they  are  nearly  of  the  same  size  in  the  second.  In  addition, 
the  root  of  the  first  ujiper  premolar  is  bifid  or  nearly  so,  and  its  labial  ridge  is  fairly  distinct,  but 
is  indistinct  in  the  second.  In  the  first  lower  premolar  the  lingual  cusp  and  surface  are  very 
small,  in  fact  the  cusp  is  quite  rudimentary.  It  should,  however,  be  added  that  it  is  often 
extremely  difficult  to  identify  the  various  Incuspids.  The  differences  may  be  expressed  in 
tabular  form  thus  : — 

Premolars. 


Root. 

Cusp  and  Surface. 

Upper  (have  two 
cusps  separated 
by  a  groove) 

j  1st  premolar 

bifid,  or  nearljr  so 

Lingual  smaller  than  labial. 

[•2ml 

single 

Lingual  nearly  as  large  as  labial. 

Lower  (have  two 
cusps  united  by 
a  ridge) 

1 1st  premolar 

single 

Lingual  much  smaller  than  labial. 

Lingual  nearly  as  large  as  labial. 

Molar  Teeth  (denies  molares). — The  molar  teeth,  also  known  as  the  grinders  or 
multicuspidati,  are  twelve  in  number — three  on  each  side  above  and  below — and 
are  distinguished  as  first,  second,  and  third  molars.  The  latter  is  also  known  as 
the  wisdom  tooth,  owing  to  its  late  eruption.  All  the  molars  are  characterised  by 
the  large  size  of  the  crown  and  the  possession  of  three  or  more  trihedral  cusps  on 
the  masticating  surface  (Eigs.  652  and  653).  They  are  the  largest  of  all  the  teeth, 
])ut  they  diminish  in  size  from  the  first  to  the  third,  the  last  l^eing,  as  a  rule, 
the  smallest  of  the  three.  In  shape  the  crown  is  more  or  less  quadrangular, 
with  convex  labial  and  lingual  surfaces.  The  roots  are  either  two  or  three 
in  number,  but  frequently  in  the  wisdom  teeth  they  are  united  to  a  varying 
degree. 

The  molars  of  the  upper  and  lower  jaws  differ  so  consideral^ly  in  their  furtlier 
details  that  they  must  be  considered  separately.  They  may  Ije  most  readily  dis- 
tinguished from  one  another  by  the  fact  that  normally  the  upper  molars  possess 
tliree  roots  (Figs.  650  and  651),  whilst  the  lower  molars  have  two  at  most.  The 
number  of  cusps,  though  not  so  reliaWe  a  guide  as  the  form  of  the  root,  is  also 
generally  sufficient  to  distinguish  them.  In  the  upper  molars  there  are  either 
three  or  four  cusps,  whilst  in  the  lower  the  number  is  most  commonly  five  (see, 
however,  page  971). 

In  the  upper  molars,  the  crown,  view"ed  from  the  grinding  surface  (Eig.  652),  is 
rhomboidal  in  shape  (^i.e.  quadrangular  with  the  angles  not  right  angles).  The  outer 
(labial)  and  the  inner  (lingual)  surfaces  are  convex.  The  numljer  of  cusps  is  either 
four  or  three.  On  the  Jir^st  there  are  invarial)ly  four — two  on  the  laitial  and  two 
on  the  lingual  side — the  antero-internal  (proximo-lingual)  of  these  being  connected 
with  the  postero-external  (laljio-distal)  by  an  oljlique  ridge  (Fig.  652),  which  is 
also  found  oia  the  second  and  third  molars  when  these  bear  four  distinct  cusps. 
The  second  upper  molar  lias  either  foiir  or  three  cusps  in  about  an  equal  proportion 
of  European  skulls,  whilst  in  the  third  the  number  is  much  more  frequently  three 
than  four.  The  roots  in  the  upper  molars  are  three  in  numljer  (except,  occasionally, 
when  the  three  roots  of  the  wisdom  tooth  are  confluent),  two  lieing  external  or 
labial,  and  the  third  internal  or  palatal  (Figs.  650,  651,  and  654). 

In  the  lower  molars  the  crown,  viewed  from  above  (Fig.  653),  is  somewhat 
cubical.  The  outer  and  inner  surfaces  are  convex,  as  in  the  upper  molars.  The 
Jirst,  as  a  rule,  bears  five  cusps,  two  being  on  the  outer  side,  tw"0  on  the  inner,  and 
the  fifth  behind  and  external,  that  is,  between  the  two  posterior  cusps  and  somewhat 
to  the  outer  side.  The  second  has  usually  only  four  cusps ;  a  fifth,  however,  is 
sometimes  present.  The  third  has  either  four  or  five,  the  former  number  more 
frequently  than  the  latter. 

The  roots  of  the  lower  molars  are  two  in  number,  each  wide,  grooved,  and 
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flattened  from  before  backwards.  One  is  placed  anteriorly,  the  other  posteriorly, 
and  both  are  usually  recurved  in  tlieir  lower  portions  (Fig.  650).    As  in  the  corre- 

Ceiitral  incisor 

Lateral  incisor 


Fig.  653. — The  Lower  Permanent  Teeth,  viewed  from  above. 


spouding  teeth  of  the  upper  jaw,  the  roots  of  the  lower  wisdom  teetli  are  often  more 
or  less  united  into  a  single  mass. 

Tlie  cliief  chajacters  of  the  niipei-  and  lower  molars  may  be  summarised  tlnis  : — 


Molars. 


1st  Upper. 

2iid  Upper. 

3rd  Upper. 

Upper 

Cus]is  . 

4 

3 -or  4 

3  or  4 

Koots   .       .  3 

3 

3  (or  1) 

i  1st  Lower. 

! 

2nd  Lower. 

3rd  Lower. 

Lower- 

Cusps  . 

4  or  5 

4  or  5 

Roots  . 

2 

2  (or  1) 

The  molars  (liiiiiiiisli  in  size  from  hefore  backwards.  This  remark  applies  particularly  to  the 
wisdom  teeth,  which  are  extremely  variable  in  form  and  position  among  civilised  races.  The 
long  axis  of  the  upper  molars  has  a  general  direction  downwards  and  outwards  ;  whilst  that  of 
the  lower  molars,  which  the  f<n-mer  partly  overlap,  slopes  upwards  and  inwards,  with  the  result 
that  the  outer  cusps  of  the  lower  molars  lie  in  the  groove  separating  the  inner  from  the  outer 
cusps  of  the  upper  teeth  (Fig.  637,  ]>.  946).  As  a  further  result  of  this  overlapping,  the  outer 
edge  of  the  crown  is  sharp  and  the  inner  edge  rounded  in  the  upper  molars  ;  whilst  the  inner 
edge  is  sharp  and  the  outer  edge  lounded  in  the  lower  set.  The  cause  of  this  is  obvious.  The 
(juter  margins  of  the  iip])er  molars  oveilap  their  fellows  on  the  buccal  side,  whilst  the  inner 
margins  of  the  lower  molars  overlap  their  fellows  on  the  lingual  side  ;  these  margins,  therefore, 
are  subject  to  comparatively  little  attrition,  and  consequently  remain  sharp.  The  other  margin 
of  each  tooth,  on  the  other  hand,  strikes  against  the  groove  on  the  crown  of  the  opjiosing  tooth, 
and  consequently  becomes  worn  and  round. 

The  fissures  which  separate  the  cusps  on  the  grinding  surfaces  of  the  molar  teeth  are  generally 
continued  as  faint  grooves  on  the  labial  and  lingual  surfaces. 

Upper  Molars. — The  crowns,  as  already  stated,  are  ihomboidal  in  shape,  and  when  viewing 
their  grinding  surfaces,  as  in  Fig.  652,  if  the  ])lanes  of  separation  between  them  be  prolonged, 
they  would  strike  the  middle  line  near  the  back  part  of  the  hard  palate  ;  in  other  words,  their 
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proximal  and  distal  Buvfaces  are  not  in  transverse  ljut  in  ol>lique  planes,  sloping  strongly  liack- 
wards  and  inwards,  and  converging  somewhat  internally.  A  knowledge  of  this  is  useful  in 
determining  the  side  to  -which  an  upper  molar  belongs,  as  is  the  fact  that  the  anterior  labial  root 
is  broader  than  the  posterior  (Fig.  654). 

As  regards  the  nnmher  of  cm]j»  652): — The  tirst  upper  molar  has  four  cusps  in 

])ractically  all  skulls  (99  per  cent) ;  occasionally,  indeed,  another,  but  very  rudimentary,  cusp  is 
present  on  the  lingual  side  of  the  antero-internal  ('jiroximo-lingual)  cusp.  The  second  molar  has 
either  three  or  four  in  an  almost  equal  proportion  of  Europeans,  Init  more  frequently  four  taking  the 
teeth  of  all  nations  together.  (According  to  Topinard,  four  cus]is  are  present  in  66  per  cent  of  all 
races,  and  in  58  jjer  cent  of  European,  Semitic,  and  Egyptian  skulls  ;  according  to  Zuckerkandl,  in 
73-5  per  cent  of  the  lower  races  and  45-6  jier  cent  of  Europeans).  The  third  upper  molar  has  three 
cusps  much  more  frequently  than  four  amongst  Europeans  (four  cusps  only  in  36  per  cent,  although 
it  has  four  cusps  more  frequently  in  certain  lower  races).  It  should  be  remarked  that,  while  there 
are  practically  always  four  cusps  in  tlie  first  molar,  still  there  is  a  tendency  to  the  disappearance 
uf  the  postero-internal  (disto- lingual)  cusp,  ^\•hich  tendency  grows  more  pronounced  as  we 
])ass  baclcAvards  to  the  second  and  third 
molars.  The  other  cusps  are  practically 
constant. 

The  three  roots  of  the  upper  molars 
(Figs.  650,  651,  and  654)  are  a  large  inner 
or  palatal,  sub-cylindrical  in  shape,  and 
two  external  or  labial  roots,  smaller  and 
flattened  from  before  backwards.  The 
])alatal  fang,  which  is  placed  opposite 
the  posterior  labial  root,  is  often  united 
to  one  of  the  others.  Tlie  lower  part 
(jf  the  antriim  of  Highmore  generally 
extends  down  between  the  ]ialatal  and 
the  two  labial  fangs  (Fig.  637,  p.  946), 
l)ut  the  latter  project  on  its  floor  more 
frequently  than  the  palatal  root.  In 
the  wisdom  tooth  tlie  three  roots  are 
frequently  more  or  less  united  into  a 
single  conical  process  (Fig.  654). 

Lower  Molars.  —  The  crowns  are 
more  massive  than  those  of  the  upper 
molars,  and  are  elongated  antero- pos- 
teriorly (Fig.  653).  A  crucial  groove 
separates  the  four  chief  cusps  from  one 
another ;  this  bifurcates  liehind  to  en- 
close the  fifth  cusp,  which  lies  slightly 
to  the  outer  side  of  the  middle  of  the 
tooth.  The  number  of  c  iisps  present  in 
the  lower  molars  is  as  follows : — The 
first  has  \isually  five  cusps  (62  per  cent 
of  all  races,  61  per  cent  of  Europeans) ; 
the  second  has  four  cusps,  as  a  rule  (five 
cusps  in  only  24  per  cent  of  all  skulls) ; 
the  lower  wisdom  tooth  has  four  cusps 
a  little  more  frequently  than  five  (five 
in  46  per  cent  of  all  skulls),  but  like 
tlie  upper  wisdom  tooth  it  is  extremely 
variable. 

The    roots   of   the    lower  molars 
(Fig.  650),  two  in  number,  are  flattened 
from  before  backwards,  and  very  wide, 
but  one  (Fig.  654). 
two  are  united. 


Fig.  654. — Hori^^ostal  Sections  through  both  the  Upper 
AND  Lower  Jaws  to  sliow  the  roots  of  the  teeth.  The 
sections  were  carried  througli  the  bones  a  short  distance 
from  the  edge  of  their  alveolar  borders.  The  upper  figure 
shows  the  upper  teeth,  the  lower  figure  the  16wer  teeth. 
Note  tlie  flattened  roots  of  tlie  lower  incisors,  tlie  two 
root  canals  in  the  anterior  root  of  each  lower  molar,  and 
the  confluence  of  tlie  three  roots  of  the  upper  wisdom 
teeth. 


The  anterior  of  these  has  two  root  canals  ;  the  posterior 
The  wisdom  tooth  has  commonly  two  roots  like  its  fellows  ;  occasionally  the 
In  determining  the  side  to  which  a  lower  molar  belongs,  it  should  be  remembered 
that  the  lower  jjart  of  the  root  is  generally  curved  Itackwards,  and  also  that  the  Ijlunter  margin 
of  the  crown  (see  above)  and  the  fifth  eusji,  if  ])resent,  are  on  the  outer  side. 

Arrangement  of  the  Teeth  in  the  Jaws.— The  teeth  are  arranged  in  each  jaw 
in  a  curved  row — the  dental  arch  (arcns  den  talis) — of  approximately  a  semi-oval 
form  (Figs.  652  and  653).  The  curve  formed  by  the  upper  teeth,  however,  is  wider 
titan  that  formed  by  the  lower  set,  so  that  when  the  two  are  brought  in  contact 
the  upper  incisors  and  canines  overlap  their  fellows  in  front,  and  the  outer  cusps 
of  the  upper  premolars  and  molars  overlap  the  corresponding  cusps  of  the  lower 
teeth  (Fig.  637,  p.  946).  It  will  also  be  seen  that,  as  a  rule,  the  teeth  in  one 
jaw  are  not  placed  exactly  opposite  their  fellows,  but  rather  opposite  the  interval 
between  two  teeth,  in  the  other  jaw  (Fig.  655).  This  arrangement  is  brought 
about  largely  by  the  great  widtli  of  the  upper  central  incisors  as  compared  with 
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their  fellows  of  the  lower  jaw,  which  throws  tlie  up[)er  caiiiaes  and  the  succeeding 
teeth  into  a  position  l)ehind  (distal  to)  that  of  the  same  named  teeth  of  the  lower 

set.  But  as  the  lower  molars  are 
larger  in  their  antero- posterior 
diameter  than  those  of  the  upper 
row — and  this  remark  applies  par- 
ticularly to  the  wisdom  teeth  — 
the  two  dental  arches  terminate 
l)ehind  at  approximately  the  same 
YMiint. 

Tile  iqjper  (li'iital  arch  issaiil  In  t'oriii 
an  elliptical,  the  lower  a  parabolic  curve 
(Figs.  652  and  653).  The  line  I'unued  by 
the  grinding  surfaces  of  the  upjjer  teeth, 
as  seen  on  profile  view  (Fig.  655),  is^ 
usually  somewhat  convex,  owing  largely 
to  the  failure  of  the  wisdom  tooth  to 
descend  into  line  with  the  otliei\s. 
Similarly  the  line  of  the  lower  teeth 
is  as  a  rule  concave. 

In  both  jaws  the  crowns  of  the  front 
teeth  are  higher  (longer)  than  those  of 
the  molais. 

Period  of  Eruption  of  the  Per- 
manent Teeth. — Although  there  is 
considerable  variety  in  the  dates 
at  which  the  various  permanent 
teeth  appear  al)ove  the  gums,  the 
ordeo'  of  eruption  is  practically  constant  in  different  individuals,  and  is  as 
follows  : — Before  any  of  the  temporary  teeth  are  lost  the  first  permanent  molars 
appeal'  behind  the  2nd  milk  molars.  Next  tlie  central  milk  incisors  fall  out,  and 
their  places  are  taken  Ijy  the  ])ermanent  teeth  of  the  same  name ;  then  follow  the 
remaining  teeth  ill  the  following  order :  Lateral  incisors,  1st  premolars,  2nd 
premolars,  canines,  2nd  molars,  and  3rd  molars.  It  will  be  observed  that  the 
eruption  of  the  canine  is  delayed  until  the  two  premolars,  which  succeed  it  in  the 
row,  are  cut,  so  that  it  ])reaks  the  otherwise  regular  order  of  eruption.  The  1st 
molar  is  sometimes  popularly  known,  owing  to  the  date  of  its  eruption,  as  tlie  "six- 
year-old  tooth,"  and  the  2nd  molar  as  "  the  twelve-year-old  tooth." 

The  dates  at  wliich  the  eruption  usually  takes  place  may  l)e  simply  stated  as 
follows  for  the  lower  teeth  ;  those"  of  the  upper  jaw  appear  a  little  later  : — 


Fig.  6.55. — To  show  the  rehition  of  thu  upper  to  the  lower 
teeth  when  the  nioath  i.s  clo.sed.  The  manner  in  which  a 
tooth  of  one  row  usually  strikes  against  two  teeth  of  the 
opposite  row,  and  the  resulting  interlocking  of  the  teeth, 
is  to  be  noted. 


1st  molars  appear  soon  after  the  6th  year. 
Central  incisors  appear  soon  after  the  7th  year. 


Lateral 
1st  premolar 
2nd 

Canine  ,, 
2iid  molar 
3r<l  „ 


from  the 


8th 
9th 
10th 
Uth 
12th 
17th 


to 


The  Milk  Teeth. 

The  deciduous,  temporary,  or  milk  teeth  (dentes  decidui)  are  twenty  in  number, 
ten  above  and  ten  below,  or  five  in  each  lialf  of  each  jaw — namely,  two  incisors,  one 
canine,  and  two  molars.  They  may  be  distinguished  from  the  permanent  teeth 
)jy  their  smaller  size,  their  well-marked  and  constricted  necks,  and,  in  the  case  of 
the  molars,  by  tlie  wide  divergence  of  their  roots  (Fig.  650).  Otherwise  tliey 
correspond  so  closely  to  the  same  named  teeth  of  the  permanent  set,  that  they 
require  no  separate  description,  except  in  the  case  of  the  molars.  The  first  upper 
molar  has  but  three  cusps  on  its  crown — two  external  and  one  internal ;  the 
tirst  lower  molar  has  four — -two  external  and  two  internal,  and  the  crowns  of  both 
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are  flattened  from  side  to  side.  The  second  molars  of  the  upper  jaw  have  four, 
those  of  the  lower  jaw  five  cusps  each.  In  every  case  the  second  are  much  larger 
than  the  iirst  molars.  The  cusps  are  sharper  and  are  separated  by  deeper  fissures 
or  fossje  than  those  of  the  per- 
manent teeth,  whilst  the  roots 
of  the  milk  molars,  except  for 
their  greater  divergence,  agree 
with  those  of  the  permanent  set. 

The  marked  constriction  at  the 
neck  of  tlie  milk  teeth  (Fig.  656)  is 
due  to  a  great  thickening  of  the  caj) 
of  enamel  on  the  crown,  and  its 
abrupt  termination  as  the  neck  is 
reached.  Tlie  enamel,  too,  is  much 
whiter  as  a  rule  than  in  the  per- 
manent teeth.  It  should  he  added 
that  the  labial  surface  of  the  canines 
and  molars  departs  very  markedly 
from  the  vertical ;  it  slopes  strongly 
inwards  towards  the  moutli  cavity 
as  it  approaches  the  grinding  surface 
of  the  crown,  which  latter  is,  as  a 
result,  much  reduced  in  width. 

The  divergence  of  the  fangs  in 
the  milk  molars  allows  tlie  crowns 
of  the  permanent  premolars  to  fit 
in  between  them  before  the  milk 
molars  are  shed. 

Structuke  of  the  Teeth. 

As  mentioned  above,  tlie  teeth 
are  composed  of  three  special 
tissues,  enamel,  dentine,  and  crusta  petrosa,  in  addition  to  the  pulp  which  occupies  the 
tooth  cavity.  The  chief  mass  of  the  tooth  is  formed  of  dentine,  which  siuTOunds  the 
pulp  cavity  and  extends  from  crown  to  root ;  outside  this  is  a  covering  of  enamel  on  the 
crown,  and  a  layer  of  crusta  petrosa  or  cement  on  the  root. 

The  enamel  (substantia  adamantina)  is  the  dense,  white,  glisteuhig  layer  which 
forms  a  cap,  thickest  over  the  cusps,  for  the  portion  of  each  tooth  projecting  above  the 
gum  (Fig.  649).  At  the  neck  it  ceases  gradually,  being  here  slightly  overlapped  by  the 
crusta  petrosa. 

It  is  composed  chiefly  of  phosjjhate  and  carbonate  of  lime  (phosphate  of  calcium  89 -82  j)ev 
cent,  carbonate  of  calcium  4'37  per  cent,  magnesium  phosphate  1'34  per  cent,  a  trace  of  calcium 
fluoride,  other  salts  '88  jier  cent),  and  has  generally  been  considered  to  contain  about  3'6  per  cent 
of  organic  substance;  but  this  Tomes  has  recently  shown  to  be  inaccurate :  "That  which  has 
heretofore  been  set  down  as  organic  matter  is  simply  water  combined  with  the  lime  salts. 
Enamel  is  to  be  regarded  as  an  inorganic  substance  composed  of  lime  salts,  which  have  been 
dejjosited  in  particular  patterns  and  formed  imder  the  influence  of  organic  tissues,  which  have 
themselves  disappeared  during  its  formation.'' 

"F^namel  consists  of  calcified  microscopic  prisms  (prismata  adamantina),  radiating  from 
the  surface  of  the  dentine,  on  which  their  inner  ends  lie,  to  the  surface  of  the  crown, 
on  which  they  terminate  by  free  ends.  These  prisims  are  hexagonal  in  shape,  solid,  and 
of  considerable  length,  for  most  of  them  reach  from  the  dentine  to  the  surface  of  the  crown 
without  interruption.  •  The  prisms,  which  are  calcified  themselves,  are  held  together  by  the 
smallest  possible  amount  of  calcified  matrix  (Tomes).  In  old  teeth  the  cap  of  enamel  is 
often  worn  away  over  the  cusps,  the  dentine  is  then  exposed,  and  is  easily  recognised  by 
its  yellowish  colour,  which  contrasts  strongly  with  the  whiteness  of  the  enamel. 

Whilst  adjacent  enamel  prisms  are  in  genei'al  parallel  to  one  another,  they  do  not 
usually  take  a  straight,  but  rather  a  wavy  course,  and  in  alternate  layers  they  are  often 
inclined  in  opposite  dii'ections,  thus  giving  rise  to  certain  radial  striations  seen  by 
reflected  light  (Schreger's  lines).  Certain  other  pigmented  lines,  more  or  less  parallel  to 
the  surface,  are  also  seen  in  the  enamel  (brown  strias  of  Retzius).  They  are  due  to  true 
pigmentation  (Williams),  and  mark  the  lines  of  deposit  of  the  enamel  during  its  develop- 
ment. The  enamel  prisms  are  more  or  less  tubular  in  certain  animals — -viz.  in  all 
marsupials  except  the  wombat,  in  the  hyrax,  certain  insectivora,  and  certain  rodents. 


1st  molar 


/ 

1st  molar 


Fig.  656. — The  Milk  Teeth  of  the  Left  Side. 

The  masticating  surfaces  of  the  two  upper  molars  are  shown  above. 
In  the  second  row  the  upper  teeth  are  viewed  from  the  outer 
or  labial  side.  In  the  tliird  row  the  lower  teeth  are  shown 
in  a  similar  manner  ;  and  below  are  the  masticating  surfaces 
of  the  two  lower  molars.  In  the  specimen  from  which  the 
first  upper  molar  was  drawn  the  two  outer  or  buccal  cusps 
were  not  distinctly  separated,  as  is  often  the  case. 
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Nasmyth's  membrane  (enamel  cuticle)  is  an  extremelA'  thin  (^xrhijT)  incli) 
cuticular  layer  wliich  covers  the  enamel  of  recently-cut  teeth,  and  is  very  indestructible, 
resisting  almost  all  re-agents.  Two  chief  views  are  held  as  to  its  origin.  One-  that  it  is 
the  last  formed  layer  of  enamel,  which  has  not  yet  been  calcified,  and  therefore  the 
final  jjroduct  of  the  enamel  cells.  The  other  that  it  is  produced  by  the  outer  layer  of  cells 
of  the  enamel  organ.    This  latter  seems  to  be  the  more  probable  view. 

Dentine  (substantia  eburnea)  is  the  hard  and  highly  elastic  substance,  yellowish 
white  in  colour,  which  forms  the  greater  part  of  the  mass  of  every  tooth  (Fig.  657). 
Like  the  enamel  it  is  highly  calcified,  but  it  differs  from  enamel  in  containing  a  very  con- 
siderable amount  of  organic  matter  and  water  incorporated  with  its  salts,  which  are 
chiefly  phosphate  and  carbonate  of  lime. 

Fresh  human  dentine  contains  10  per  cent  of  water,  28  per  cent  of  organic  and  62  jier  cent  of 
inorganic  material.  The  organic  matter  is  conqiosed  chiefly  of  collagen,  and  to  a  less  extent  of 
elastin.  The  inorganic  matter  consists  of  (li  calcium  phosphate  (with  a  trace  of  fluoride),  (2) 
calcium  carbonate,  and  (3)  maonesiuni  phosphate,  the  percentages  ]uvsent  in  dried  dentine  being 
66-72,  3-36.  1-08  respectively.  ' 

Dentine  consists  of  a  highly  calcified  organic  matrix,  which  is  itself  practically 
structureless,  although  everywhere  traversed  by  tubes — the  dentinal  tubes — which  give 
to  this  tissue  a  finely  striated  appearance,  the  strite  usually  running  in  wavy  lines. 

The  dentinal  tuV)es  begin  by  open  mouths  on 
the  wall  of  the  pulp  cavity,  whence  they  run  an 
undulating,  and  at  the  same  time  a  somewhat 
spiral  course,  towards  the  periphery  of  the 
dentine.  They  give  oft'  fine  anastomosing 
branches,  and  occasionally  divide  into  two. 
Somewhat  reduced  in  size,  they  usually  end  in 
the  outer  part  of  the  dentine. 

The  tubules  are  generally  described  as  being- 
lined  by  special  sheaths  (dentinal  sheaths  of 
Netunann)  which  are  composed  of  a  most  re- 
sistant material,  and  possibly  are  calcified.  It 
should  be  mentioned  that  the  presence  of  these 
sheaths  as  separate  structures  is  doubted  b}' 
some  authorities,  who  hold  that  the  part  de- 
scribed asi  the  sheath  is  only  a  modified  portion 
of  the  dentinal  matrix  surrounding  the  tubules. 

The  dentinal  tubides  are  occupied  by  pro- 
cesses, prolonged  from  the  outermost  cells  of 
the  pulp  —  the  odontoblasts.  These  processes 
are  called  after  their  discoverer.  Tomes'  fibrils 
(dentinal  filtrils),  and  they  are  jirobably  sensory 
in  functiftn. 

The  concentric  lines  of  Schreger,  frequently  seen 
in  the  dentine,  are  due  to  bends  in  successive 
dentinal  tubes  taking  place  along  regular  lines 
parallel  to  the  periphery  of  the  dentine.  Other 
lines  (the  incremental  "lines  of  Salter),  due  to 
imperfect  calcification,  are  found  arching  across  tlu- 
substance  of  the  dentine,  chiefly  in  the  crown. 
There  must  also  be  mentioned  the  interglobular 
spaces,  intervals  left  in  the  dentine,  as  a  result  of 
imperfect  calcification,  bounded  by  the  fully  calcified 
surrounding  dentine,  the  contour  of  which  is  in  the 
form  of  a  number  of  small  projecting  globule.- 
of  dentine.  These  intergloljular  spaces  are  very 
numerous  in  the  outer  or  "granular  laver of  the  dentine,  particularly  beneath  the  cementum 
(see  Fig.  649). 

The  crusta  petrosa  or  cementum  (substantia  qssea)  is  a  layer  of  modified  bone 
which  encases  the  whole  of  the  tooth  except  its  crown.  It  begins  as  a  very  thin  stratum, 
slightly  overlapping  the  enamel  at  the  neck.  From  this  it  is  continued,  increasing  in 
amount,  towards  the  apex,  which  latter  is  formed  entirely  of  this  substance.  It  is  relatively 
less  in  amount  in  the  child,  and  increases  during  life.  In  places  the  dentine  seems  to 
pass  imperceptibly  into  the  crusta  petrosa  (the  "granular  layer"  of  dentine  marking  the 


Alveolar  periosteum  or  root-membrane 

Fig.  657. — Vehtical  Section  of  Canin-b  Tooth, 
to  illustrate  its  various  parts,  and  its  structure. 
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junction  of  the  two,  nee  Fig,  649),  and  some  of  the  dentinal  tubes  are  continuous  with 
the  lacunte  of  the  cementum.  Like  true  bone,  it  is  laminated,  it  possesses  lacunte, 
canaliculi,  and,  when  in  large  masses,  it  may  even  contain  a  few  Haversian  canals. 

The  tooth  pulp  occupies  the  pulp  cavity  and  the  root  canals  of  the  teeth.  It  is 
composed  of  a  luimber  of  branched  connective  tissue  cells,  the  anastomosing  processes 
of  which  form  a  fine  connective  tissue  network,  containing  in  its  meshes  a  jelly-like 
material,  in  addition  to  numerous  vessels  and  nerves,  but  no  lymphatics.  Tlie  most 
superficial  of  these  cells  form  in  the  young  tooth  a  continuous  layer  of  columnar, 
epithelium-like  cells,  lying  on  the  surface  of  the  pulp  against  the  dentine  ;  they  are 
known  as  odontoblasts,  for  they  are  the  active  agents  in  the  formation  of  dentine.  From 
the  outer  ends  of  the  odontoblasts  processes  are  continued  into  the  dentinal  tubes,  where 
they  have  been  already-  referred  to  as  Tomes'  fibrils.  The  vessels  of  the  pulp  are 
numerous,  and  form  a  capillary  plexus  immediately  within  the  odontoblasts.  The  nerves 
form  rich  plexuses  throughout  the  pulp,  but  their  exact  mode  of  ending  is  unknown. 

The  alveolar  periosteum  (alveolo-dental  periosteum  or  root-membrane)  is  a  layer 
of  connective  tissue  free  from  elastic  fibres,  but  well  supplied  both  with  blood-vessels  and 
nerves,  which  fixes  the  root  of  the  tooth  in  the  alveolus,  being  firmly  united  by  perforat- 
ing fibres  of  Sharpey,  to  the  crusta  petrosa  on  the  one  hand,  and  to  the  bone  of  the 
alveolus  on  the  other.  It  establishes  a  communication  between  the  bone  of  the  jaw 
and  the  cementum,  and  above  it  is  continuous  with  the  tissue  of  the  gum.  Its  blood 
comes  chiefly  from  the  arteries,  which  subsequently  enter  the  apical  canals  for  the 
supply  of  the  pulp,  but  in  part  also  from  the  vessels  of  the  bone  and  those  of  the  gum 
(hence  the  relief  obtained  in  dental  periostitis  by  lancing  the  gum). 


Development  of  the  Teeth. 


At  the  beginning  of  this  chapter  a  tooth  was  described  as  a  calcified  papilla  of  the 
mucous  membrane,  composed  of  two  chief  parts — namel}',  the  enamel  formed  by  the 
epithelial  layer,  and  the  dentine  by  the  connective  tissue  layer  of  the  mucous  membrane. 
The  details  of  the  process  by  which  such  a  tooth  is 
developed  from  the  two  layers  of  the  mucous  mem- 
brane are  both  numerous  and  intricate,  and  can  be 
but  briefly  described  here. 

In  lower  vertebrates  (sharks,  rays,  etc.),  teeth 
which  correspond  essentially,  both  in  structure  and 
development,  to  those  of  mammals,  are  found  on  the 
surface  of  the  body,  and  are  known  as  dermal  teeth. 
The  following  outline  of  the  development  of  the 
dermal  tooth  of  a  shark  may  assist  in  rendering  the 
development  of  the  human  teeth  more  intelligible  : — 

First,  a  papilla  is  formed  from  the  corium  or 
connective  tissue  layer  of  the  skin  (Fig.  658,  B),  whicli 
papilla  is  covered  over  by  the  epithelial  layer. 

Next  the  superficial  (connective  tissue)  cells  of  the 
papilla  begin  to  fonn  a  layer  of  dentine  on  the  surface 
of  the  papilla  (Fig.  658,  C),  which  it  soon  encases,  the 
remains  of  the  papilla  persisting  in  the  interior  as  the 
future  pulp.  At  tlie  same  time  the  deepest  cells  of 
the  epithelium  deposit  a  layer  of  enamel,  outside  the 
dentine,  over  the  summit  of  the  papilla  (Fig.  658,  C), 
and  subsequently  the  two  —  enamel  and  dentine — 
become  inseparably  united,  thus  giving  rise  to  the 
substance  of  the  tooth. 

At  a  later  period  the  epithelium  covering  the 
summit  disappears  and  the  tooth  comes  to  the  surface  : 
this  constitutes  its  eruption  (Fig.  658,  D). 

In  the  case  of  the  manunalian  tooth  a  similar  process  takes  place,  not,  however,  on  the 
surface,  but  deep  down  in  the  substance  of  the  gum,  into  which  a  downgrowth  of  epithel- 
ium has  previously  taken  place.  This  epithelial  downgrowth  spreads  out  in  the  substance 
of  the  jaw,  and  into  it  the  papilla  grows  up,  and  goes  through  the  other  changes  described 
above,  as  if  the  whole  process  took  place  on  the  surface. 

Development  of  Human  Teeth.— The  following  is  a  brief  summary  of  the  chief 
events  in  the  development  of  a  liuman  tooth.    For  convenience  in  expression  and  terms, 


A,  Section  of  skill 
.showing  epithelium 
I',  basement  mem- 
brane h,  and  connec- 
tive tissue  layer  c. 

B  sliows  the  papilla  of 
the  connective  tissue 
layer  growing  np 
covered  by  the  epi- 
thelial layer. 


In  C  the  .superficial  cells 
of  the  papilla  c  begin 
to  deposit  dentine  d 
over  the  papilla,  and 
at  tlie  same  time  the 
deepest  cells  of  the 
epithelium  deposit 
enamel  u. 


D  shows  the  tooth 
breaking  through 
the  eijithelium  and 
reaching  the  surface. 


Fig.  658. — Diagram  to  illustbate  the 
Development  of  a  Dermal  Tooth 
IN  THE  Shark. 


In 


all  figures — a,  enamel ;  h,  basentent  mem- 
brane ;  '■,  connective  tissue  layer  of  skin  ; 

dentine  :  c,  epithelium  ;  and  r,  superficial 
cells  of  papilla. 
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.  Shows  the  dowiigiuwth  of 
the  dental  hiiiiina  U.L  from 
the  surface  epiiheliiiiu  E 
and  the  beginning  of  tlie 
enamel  germ  E.G. 


11.  Shows  tlie  further  growth 
of  the  enamel  germ  and  its 
invagination. 


III.  The  enamel  germ  is  more 
invaginated,  ami  its  inner 
layer  of  cells  becomes 
columnar.  A,  the  dental 
lamina,  grows  thinner,  but 
near  its  posterior  or  lingual 
edge  there  is  an  enlarge- 
ment H.li  whicli  is  the  re- 
serve germ  fur  a  permanent 
tootli.  The  superticial  cells 
of  the  dentine  papilla  P  are 
becoming  columnar. 


IV.  The  inner  columnar  cells 
of  tlie  enamel  germ  (called 
enamel  cells)  A  liave  formed 
a  cap  of  enamel  En,  inside 
which  the  superticial  cells 
of  the  papilla,  the  odonto- 
blasts O,  have  formed  a 
layer  of  dentine  D. 


the  description  refers  to  the  development  of  a  lower^tootli.  The  upper  teeth  are  of 
course  developed  in  a  manner  exactly  similar. 

1.  The  first  distinct  evidence  of  the  development  of  the  teeth  is  to  be  found  in  a 
thickening  of  the  mouth  epithelium,  at  the  site  of  the  future  gum,  and  a  resulting  down- 
growth  of  its  deeper  portion  into  the  substance  of  the  primitive  jaw  (Fig.  659,  I.).  This 

epithelial  downgrowtli  is  continued  along 
tlie  whole  length  of  the  gum,  and  is 
known  as  tiie  dental  lamina  or  tooth- 
band  (Zalmleiste).  On  the  under  surface 
of  the  dental  lamina  there  soon  appears 
a  series  of  knob-like  projections — one 
for  each  of  the  milk  teeth  (Fig.  659,  II.) 
— which  are  known  as  enamel  germs  or 
enamel  organs.  These  enamel  organs 
are  connected  with  the  epithelium  of  the 
dental  lamina  by  a  constricted  part,  and 
although  at  first  knob- like,  they  soon 
become  bell  -  shaped  owing  to  the  in- 
vagination of  the  lower  surface  of  the 
knobs,  so  that  each  may  now  be  com- 
pared to  an  inverted  egg-cup. 

2.  As  soon  as  the  enamel  organs  begin 
to  assume  a  cup-like  shape,  tlie  cellular 
connective  tissue  of  the  jaw  beneatli 
grows  up  and  projects  into  the  cavity  of 
tlie  cup  (Fig.  659,  111.)  in  the  form  of  a 
papilla  —  the  dentine  papilla  (papilla 
dentis).  The  arrangement,  pursuing 
t)nr  simile,  may  now  be  compared  to  an 
egg  fitting  into  its  cup — the  dentine 
papilla  I'epresenting  the  egg,  and  the 
enamel  organ  the  cup  (Fig.  659,  III.). 

3.  The  two  layers  of  cells  which  are 
thus  brought  in  contact,  namely,  the 
epithelial  cells  lining  the  concavity  of 
the  enamel  organ,  and  the  superficial 
cells  of  the  dentine  jmpilla,  become 
elongated  or  columnar,  and  undergo 
other  changes,  preliminary  to  the  pro- 
duction of  the  enamel  by  the  former — 
which  are  now  called  enamel  cells  or 
ameloblasts — and  the  dentine  by  the 
latter,  which  are  known  as  odontoblasts. 

4.  The  odontoblasts,  that  is  the  layer 
of  columnar-sliapcd  connective  tissue  cells 
lying  on  the  surface  of  the  dentine  papilla, 
begin  to  form  at  their  outer  ends  a  layer 
of  dentine  (Fig.  659,  IV.).  Similarly, 


IV 


V.  Shows  a  more  advanced 
stage  still.  The  deposit  of 
dentine  is  extending  down- 
wanls,  and  enclosing  the 
papilla  to  form  the  future 
pulp,  in  which  a  vessel  V 
is  seen. 


Flc.  6.o9. 


-Diagram  to  illdsthate 
OF  A  Tooth. 


Development 


Inner  layer  of  enamel  germ  ;  H,  Outer  layer  ;  C,  Remains  of 
intermediate  cells;  D,  Dentine;  D.L,  Dental  lamina;  E, 
Epithelium  ;  E.G,  Enamel  germ ;  En,  Enamel ;  F,  Dental 
furrow;  L.D,  Labio-dental  furrow;  M,  Connective  tissue 
cells;  (),  Oilontoblasts  ;  P,  Dentine  ])apilla  ;  B.(i,  Reserve 
germ  ;  V,  Blood-vessel. 


the  enamel  cells  lining  the  cup  begin  to 
form  at  their  inner  surface  a  layer  of 
enamel  on  the  top  of  the  layer  of  dentine 
(Fig.  659,  IV.),  to  which  it  adheres  :  in 
each  case  the  deposit  taking  place  first 
at  the  summit  of  the  tooth. 

5.  The  formation  of  dentine  and 
enamel  proceeds  apace,  the  dentine  increasing  at  the  expense  of  the  papilla,  the  enamel 
similarly  encroaching  on  the  cup  or  enamel  organ  ;  and  in  each  case  the  two  layers  of 
cells— odontoblasts  and  enamel  cells— which  produced  the  deposits,  retiring  gradually 
from  one  another,  as  the  space  between  them  becomes  occupied  by  the  newly-formed 
dentine  and  enamel  respectively  (Fig.  659,  V.). 

The  remains  of  the  dentine  papilla  persist  as  the  pulp  of  the  tooth,  wliich  is  covered 
even  in  the  adult  by  the  odontoblasts,  and  occupies  the  pulp  cavity,  i.e.  the  central  part 
of  the  tootli  to  which  the  dentine  formation  has  not  extended. 
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6.  Turning  now  to  the  jaw  itself  :  The  connective  tissue  of  the  gum  surrounding  the 
tooth  germ  (as  tl)e  developing  tooth  with  its  enamel  organ  and  dentine  papilla  are  called) 
early  becomes  condensed  and  vascular  (Fig.  659,  V.),  and  later  on  forms  a  membranous  bag 
— the  tooth  sac  or  follicle — which  completely  shuts  off  the  developing  tooth  from  the 
surrounding  structures.  On  the  floor  of  this  sac  the  tooth  germ  sits,  the  base  of  its 
dentine  papilla  being  continuous  with  the  tissue  of  the  floor  of  the  sac,  and  the  young 
tooth  being  enclosed  by  the  sac,  as  a  kernel  is  enclosed  by  its  shell. 

7.  Reverting  to  the  tooth  :  When  the  crown  is  completed  the  deposit  of  dentine,  but 
not  of  enamel,  is  continued  downwards  to  form  the  root.  This  latter  is  composed  chiefly 
of  dentine  continuous  above  with  that  of  the  crown,  and  like  it  formed  by  the  odontoblasts 
of  the  dentine  papilla.  As  the  dentine  is  deposited,  and  the  root  is  being  built  up,  the 
connective  tissue  of  the  tooth  sac  comes  to  surround  the  root  more  closely,  and  deposits  on 
its  surface,  after  the  manner  of  a  periosteum,  a  layer  of  bone,  the  cementum  or  crusta 
petrosa.  The  cementum  having  been  formed,  the  connective  tissue  of  the  sac  then  per- 
sists as  the  alveolar  periosteum.  The  development  of  the  root  takes  place  very  slowly, 
and  its  lower  end  is  not  completed  as  a  rule  for  some  time  after  the  eruption  of 
the  tooth  has  taken  place. 

8.  During  the  development  of  the  teeth  the  ossification  of  the  jaw  has  being  going  on, 
and  as  it  grows  up  on  eacli  side,  the  young  teeth,  enclosed  in  their  tooth  sacs,  come  to  lie 
in  an  open  bony  groove,  which  is  subsequently  divided  by  septa  into  compartments — the 
alveoli — for  the  individual  tooth  sacs.  The  bone  continuing  to  grow  after  birth,  these 
compartments  become  more  perfect,  but  are  never  entirely  closed  in  over  the  crowns  of 
the  teeth.  During  the  eruption  of  the  teeth  the  upper  and  anterior  part  of  these  bony 
cells  is  absorbed ;  subsequently,  however,  it  is  reformed  around  each  tooth  when  it  has 
taken  its  final  position. 

9.  Eruption. — Long  before  the  root  is  completed,  the  crown,  by  some  force  which  is 
not  properly  understood,  but  which  does  not  seem  to  depend  on  additions  to  the  root,  is 
pushed  through  the  top  of  the  tooth  sac,  and — the  upper  and  anterior  wall  of,  the  roomy 
alveolus  having  been  absorbed  at  the  same  time — onwards  through  tlie  gum  until  the 
mouth  is  reached.  Later  on,  when  the  tooth  has  assumed  its  final  position,  the  alveolus, 
as  already  stated,  is  reformed,  and  closely  embraces  the  completed  root. 

10.  After  the  enamel  organs  of  the  milk  teeth  have  been  formed  on  the  inferior  aspect 
of  the  dental  lamina,  as  described  above,  the  neck  of  epithelium  by  which  the  lamina  is 
still  connected  with  the  surface  becomes  broken  up  into  a  cribriform  sheet.  Its  free 
posterior  border,  on  the  other  hand,  continues  to  grow  backwards  in  the  tissue  of  the 
gum  towards  the  cavity  of  the  mouth  (Fig.  659,  III.  and  IV.),  and  at  a  later  date  there 
appear  on  its  under  surface,  near  the  free  edge,  and  behind  the  several  developing  milk 
teeth,  the  enamel  organs — or  so-called  "  reserve  germs  " — for  the  corresponding  permanent 
teeth,  which  are  developed  from  these  in  exactly  the  same  manner  as  the  milk  teeth 
described  above. 

In  connexion  with  the  development  of  the  permanent  molars,  which  have  no  corre- 
sponding teeth  in  the  milk  set,  there  takes  place  a  prolongation  backwards  of  the  posterior 
extremity  of  the  dental  lamina  into  the  tissue  of  the  jaw,  behind  the  last  milk  molar.  On 
the  inferior  aspect  of  this  prolongation,  which  has  no  direct  connexion  with  the  svirface 
epithelium,  enamel  organs  are  formed  for  the  permanent  molars,  and  their  further 
development  goes  on  in  the  manner  described  for  the  other  teeth. 

The  dates  at  which  some  of  the  chief  events  in  the  development  of  the  teeth  occur 
may  be  briefly  given  : — The  thickening  of  the  epithelium,  the  first  sign  of  the  future 
teeth,  begins  about  the  sixth  week  of  foetal  life,  and  the  dental  lamina  is  completed  by  the 
end  of  the  seventh  week. 

The  dentine  papilla  for  the  eight  front  teeth  appear  and  become  surrounded  by  their 
enamel  organs  about  the  tenth  week,  and  the  papilla  for  the  first  permanent  molar  about 
the  seventeenth  week. 

The  first  traces  of  calcification,  and  the  formation  of  the  tooth  sacs,  takes  place  abo\it 
the  fifth  month  of  foetal  life. 

Eruption  of  Deciduous  Teeth. — The  period  at  which  the  eruption  of  the  milk  teeth 
takes  place  is  extremely  variable,  and  no  two  observers  seem  to  agree  upon  the  ques- 
tion. The  following,  according  to  Tomes,  may  be  taken  as  representing  the  average. 
The  lower  centi-al  incisors  appear  first,  usually  between  the  sixth  and  ninth  months  ; 
then  follows  a  rest  of  a  few  months.  Next  come  the  four  upper  incisors,  followed  by  a 
rest  of  a  few  months.  Then  the  lower  lateral  incisors  and  the  four  first  molars  erupt, 
succeeded  by  a  rest  of  a  few  months.  Next  appear  the  canines,  and  finally  the  four  second 
molars,  which  are  all  cut  by  the  end  of  the  second  year. 
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The  following  statement  is  simple,  and  perhaps  is  sufficient  for  all  ordinary  purposes. 
The  temporary  teeth  usually  appear  in  the  following  order : — Central  incisors,  lateral 
incisors,  first  niolars,  canines  and  second  molars ;  the  erujition  commences  between  the 
sixth  and  the  ninth  month,  and  is  usually  completed  by  the  twenty-fourth — the  lower 
teetii,  as  a  rule,  preceding  the  upper. 

Formation  of  Enamel  and  Dentine. — Different  opinions  are  held  as  to  the  method  in  wliicli 
the  enamel  is  produced  )iy  the  enamel  cells.  One  view  maintains  that  it  is  secreted  and  shed 
out  by  the  enamel  cells  (Kcilliker).  According  to  the  other  view,  part  of  the  substance  of  the 
cells  is  actually  converted  or  transformed  into  enamel  (Tomes).  In  comiexion  with  this  latter 
view,  which  .seems  to  receive  more  supjjort  at  ])resent,  Tomes  has  disco\ered  that  there  ])ro- 
jects  from  the  base  of  eacli  enamel  cell,  towards  or  into  the  most  recently  formed  enamel,  a 
fibrillar  process,  wdiich  has  received  the  name  of  Tomes'  process,  and  he  liolds  that  tiie  enamel  is 
formed  by  calcification  taking  jjlace  in  or  around  the  process. 

Similarly,  two  views  are  held  as  to  the  j)roductiou  of  dentine  liy  the  odontoblasts;  one,  that 
the  odontoljlasts  secrete  the  matrix  of  the  dentine,  and  the  other,  that  their  substance  is  actually 
converted  into  the  matrix.  The  odontoblasts,  when  active,  are  Ijranched  columnar-shaped  cells,  and 
from  their  outer  ends  one  or  more  jjrocesses  extend  towards  and  into  the  dentine  ;  Ijetween  these 
processes  a  matrix  apjiears — pi'oduced  probably  by  the  odontoblasts — and  soon  this  matrix  becomes 
calcified.  In  this  way  the  dentine  is  formed,  and  the  process  is  repeated  ludil  its  full  thickness 
is  attained.  The  branches  of  the  odontoblasts,  encased  in  dentine,  just  mentioned,  are  the  Tomes' 
filirils  already  de.scribed  ;  tlie  canals  in  which  they  lie  are  the  dentinal  tul)es  ;  and  the  tiln-ils 
themselves  are  concerned  in  the  ])roduction  of  the  slieaths  of  Neumann  which  line  the  tubes. 

The  tooth-sacs,  when  fully  developed,  are  large  and  distinct  fibrous  bags  which 
lie  in  the  alveoli  of  the  maxilla  and  are  continuous  above  with  the  tissue  of  the  gum. 
On  the  lingual  side  of  the  sacs  of  the  milk  teeth  are  found  the  germs  of  the  permanent 
teeth,  surrounded  by  their  own  sacs.  These  latter  are  at  fii'st  very  small,  and  are  partly 
embedded  in  the  posterior  wall  of  the  temporary  tooth-sacs,  but  subsequently  they  come 
to  lie  in  distinct  but  incomplete  bony  cavities  of  their  own.  The  bone  surrounding  the 
tooth-sacs,  temporary  and  permanent,  is  always  wanting  over  the  summit  of  the  sac,  and 
the  band  of  connective  tissue  by  which  the  sac  is  connected  with  the  overlying  gum 
tissue,  through  the  deficiency,  is  known  as  the  gubernaculum  dentis. 

These  points  are  easily  demonstrated  on  the  lower  jaw  of  a  child  at  birth,  particularly 
when  the  tissues  have  been  allowed  to  soften  a  little.  If,  in  such  a  specimen,  the  gum  and 
periosteum  be  reflected  upwards  from  the  outer  and  inner  surfaces  of  the  mandible,  and 
freed  as  far  as  the  upper  border  of  the  jaw,  the  giim,  with  the  tooth-sacs  depending 
from  it  like  small  bags,  can  be  pulled  away  out  of  the  bony  groove  of  the  jaw ;  and 
if  the  operation  has  been  successfully  performed,  the  tooth-sacs  of  the  three  front 
permanent  teeth  may  be  seen,  varying  in  size  from  a  small  pin's -head  to  a  hemp- 
seed,  hanging  down  behind  the  upper  part  of  the  corresponding  temporary  sacs.  As 
already  explained,  the  tooth-sacs  are  procluced  simply  by  a  condensation  of  the  connective 
tissue  around  the  developing  tooth,  the  condensation  going  on  to  the  formation  of  a  dis- 
tinct membranous  bag. 

Formation  of  Alveoli  and  Eruption. — At  first  the  develophig  teeth  lie  in  an  open 
bony  groove  or  channel  between  the  outer  and  inner  plates  of  the  young  jaw.  Tliis 
groove  is  subsecpiently  divided  up  into  separate  compartments  for  the  sacs  of  each  of  the 
temporary  teeth.  As  development  proceeds  these  compartments  or  alveoli  siuTound  the 
sacs  more  completely,  but  never  actually  close  over  the  summit.  When  the  eruption 
of  the  temporary  teeth  is  about  to  take  place,  the  anterior  wall  and  roof  of  the  alveolus 
are  absorbed  ;  the  tooth  passes  through  the  sac  and  ajjpears  above  the  gum,  and  then  the 
alveolus,  which  up  to  this  was  much  too  large  to  give  actual  support,  is  re-formed  more 
closely  around  the  tooth.  Meanwdiile  the  root,  which  was  only  partly  formed  at  the  time 
of  the  eruption,  contiiuies  to  be  added  to,  possibly  for  a  few"  years  more,  and,  as  it 
grows,  the  alveolus  is  completed  around  it.  When  the  permanent  tooth,  or  as  much  of  it 
as  is  then  formed,  is  about  to  be  erupted,  it  makes  its  way  from  its  own  bon}'  cell  througli 
the  posterior  wall  of  the  alveolus  of  its  temporary  jjredecessor  ;  the  root  of  the  temporary 
tooth  undergoes  absorption  at  the  same  time,  but  quite  independently  of  pressure  from  the 
permanent  tooth.  The  alveolus,  now  occupied  by  both  teeth,  is  again  much  enlarged  by 
absorption,  particularly  in  front;  what  remains  of  the  temporary  tooth  is  shed;  the 
permanent  tooth  passes  onwards  through  the  enlarged  alveolus,  and,  making  its  way  to 
the  surface,  appears  above  the  gum.  After  some  time,  when  the  tooth  has  taken  its  final 
position,  the  alveolus  is  again  re-formed,  first  around  its  neck,  and  later  on,  as  the  root  is 
built  up,  around  it  also,  and  thus  the  tooth  is  permanently  fixed. 

What  the  force  is  which  causes  the  eruption,  is  a  question  that  has  not  been  answered 
satisfactorily.    That  the  growth  of  the  root  pushes  uj)  the  crown  was  until  recently  the 
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favourite  explanation.  For  several  reasons,  unnecessary  to  detail,  this  view  is  now  dis- 
carded, and  a  theory  which  attributes  the  impelling  force  to  the  hluod  pressure  is  looked 
upon  with  more  favour,  although  even  this  is  not  altogetlier  satisfactory.  (See  Tomes' 
Dental  Anatomy,  5th  Edition,  page  211.) 

Morphology  of  the  Teeth. 

In  mast  vertebrates  )_)elow  mammals  all  the  teeth  aw  alike  in  form  ;  such  a  dentition  is  said 
to  be  homodont.  In  the  majority  of  mammals,  on  the  other  hand,  the  teeth  are  arranged  in 
groups  of  different  size  and  form  ;  such  a  dentition  is  heterodont. 

Again,  mammals  ha\'e,  neglecting  exceptional  cases,  but  tw(j  functional  sets  of  teeth  ;  they  are 
consequently  said  to  be  diphyodont.  Most  vertebrates  below  mannnals,  on  the  other  hand,  have 
a  continuous  succession  of  teeth  throughout  life,  and  hence  are  said  to  be  polyphyodont. 

Seeing  that  practically  all  lower  verteljrates  are  provided  with  simple  conical  teeth,  the  evolu- 
tion of  the  many-cusped  mammalian  molar  has  given  rise  to  nuich  speculation.  The  jaws  of  the 
earliest  fossil  mammals  found  are  furnished  witfi  tri-tubercular  teeth,  the  three  tubercles  being 
placed  in  an  antero-posterior  line  ;  by  a  rotation  of  two  of  the  cusps  out  or  in,  as  the  case  may 
be  (a  condition  foinid  in  certain  other  fossil  skulls),  we  arrive  at  a  tri-tubercular  form,  from  wliicli 
the  transition  to  an  ordinary  mammalian  molar  is  not  difficult.  As  to  how  the  tri-tuliercular 
tooth  arose  from  the  simple  cone,  two  different  views  are  advanced  :  one,  that  it  was  formed  by  the 
union  of  several  conical  teeth  as  a  result  of  the  shortening  of  the  jaw  and  the  crowding  of  the 
teeth  together  ;  the  other,  that  the  single  conical  tooth  developed  lateral  buds  or  outgrowths,  and 
that  these  buds  growing  larger,  the  tooth  assumed  the  tri-tubercular  form. 

The  comjDlete  or  typical  mammalian  dentition,  in  its  highest  development,  as  in  the  horse,  is 
represented  by  the  following  formida  :  i,  f,  c.  pm.  f,  m.  -5-  =  44.  In  the  dentition  of  man,  there- 
fore, one  incisor  and  two  premolars  are  wanting.  Different  views  are  held  as  to  which  teeth 
have  been  suppressed — most  probably  they  are  the  second  incisors,  and  the  first  and  second  or  first 
and  last  premolars. 

In  general  it  may  be  said  that  the  dentition  of  the  lower  races  differs  from  that  of  the 
higher,  in  that  the  dental  arches  are  squarer  in  front,  the  teeth  larger  and  more  regular,  the 
canines  stronger,  the  wisdom  teeth  better  developed,  and  the  cusps  on  the  molars  more  perfect,  in 
the  lower  than  in  the  more  civilised  races.  However,  according  to  Tomes,  the  teeth  of  a  savage 
man,  if  seen  in  the  mouth  of  a  European,'  would  be  looked  uj)on  as  an  "  exceedingly  perfectly- 
formed  set  of  teeth." 

To  express  the  proportionate  size  of  the  crowns  of  the  prenrolars  and  molars  to  that  of  the 
skull  in  clifferent  races,  Flowers  compared  the  distance  from  the  front  of  the  first  pi'emolar  to  the 
back  of  the  last  molar,  in  situ,  with  the  distance  from  the  front  of  the  foramen  magnum  to  the 
naso-frontal  suture  (basi-nasal  length),  in  the  form  of  a  "  dental  index  " — 

Thus  :  Length^fteeth  X  .^^^ 
Basi-nasal  length 

and  by  this  means  he  divided  the  various  races  into  microdont  (index  42  to  43,  Europeans, 
Egyptians,  etc.),  mesodont  (index  43  to  44,  Chinese,  American  Indians,  Negroes,  etc.),  and  macro- 
dont  (index  44  and  ^lp^vards,  Australians,  Melanesians,  etc.). 


THE  PHARYNX. 

The  pharynx  is  the  expanded  upper  portion  of  the  digestive  tube  whicli  lies 
behind,  and  communicates  with,  the  mouth,  the  larynx,  and  the  nasal  cavities 
(Fig.  660).  It  serves  for  the  passage  of  both  air  and  food,  conveying  the  former  to 
the  larynx  and  the  latter  to  the  oesophagus. 

It  extends  from  the  base  of  the  skull  above  to  the  level  of  the  sixth  cervical 
vertebra  below  (Fig.  661),  where,  opposite  the  lower  border  of  the  cricoid  cartilage, 
it  passes  into  the  cesophagus ;  its  total  length  varies  from  5  to  5^  inches  (12-5 
to  14-0  cm.). 

When  in  its  natural  state  within  the  body,  the  pharynx  is  expanded  laterally 
and  compressed  in  the  opposite  direction,  so  that  its  anterior  and  posterior  walls 
approach  one  another,  and  its  sides  are  reduced  to  little  more  than  mere  borders. 
Although  its  cavity  is  much  reduced  by  this  approximation  of  the  anterior  and 
posterior  walls,  there  is  always  left,  above  the  orifice  of  the  larynx,  a  sufficient 
space  for  the  entrance  of  air  to  the  lungs.  Below  the  laryngeal  orifice,  on  the 
other  hand,  the  anterior  and  posterior  walls  are  in  contact,  and  the  cavity,  except 
during  the  passage  of  food,  is  reduced  to  a  transverse  slit  (Fig.  661). 

As  usually  seen  in  the  dissecting-room,  when  distended  for  dissection,  the  pharynx  is  of  an 
elongated  oval  form,  tapering  rapidly  below.  This  form,  however,  is  due  entirely  to  the  arti- 
ficial conditions  under  which  it  is  placed. 
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Taken  as  a  whole,  the  pharynx  is  a  tube,  the  anterior  wall  of  which  is  wanting. 
The  place  of  this  wall  is  occupied  Ijy  the  nasal,  oral,  and  laryngeal  cavities,  as  well 
as  l)y  the  liase  of  tlie  tonynie  :  and  to  the  lateral  Itoundaries 


luteriiiU  carotid  artery 
For.anreu  laceruni  meclium 
Cartilage  of  Eustacliian  tube 
Cavity  of  Kustacliiaii  tube 

Levator  jialati 
Inferior  turbinated  bono 
Lateral  recess  of  pliarynx 

— Levator  cushion 

Superior  constrictor  muscle 
Glands  in  soft  palatn 
Uvula 

Palatopharyngeus 
Circunivallate  ])ai>illa- 
Sulcus  tenninalis 

■Glossopliaryngeal  nerve 
Foramen  csecuni 
Lymphoid  follicle 

-  Middle  constrictor  nmscle 
Epiglottis 

Pharyngo-epiglottic  fold 

Lingual  artery 
Hyoglossus  muscle 
Hyoid  bone 

■Superior  laryngeal  artery 

Internal  laryngeal  nerve 
.^ryteno-epiglottic  fold 
Sinus  pyriformis 
Superior  aperture  of  larynx 
Inferior  constrictor  muscle 
Toy  of  cricoid  cartilage 


Fi(i.  660.— The  Antekiok 


Wall  of  the  Pharvn.x  with 

KltOM  BEHIND. 


ITS  Orifices,  .seen 


The  specimen  from  which  the  drawing  was  made  was  obtained  from  a  formalin-hardened 
body,  by  removing  the  posterior  wall  of  the  i)haryux  while  leaving  the  anterior 
wall  undisturbed.  The  following  points  should  be  noted  :  the  greatest  width  of 
the  pharynx,  above,  at  tlie  lateral  recesses  ;  the  postei'ior  nares,  with  the  inferior 
turbinated  bones  seen  through  them  ;  the  levator  cushion  ;  and  tlie  pharyngeal 
portion  of  the  tongue. 


)f  all  of  these  parts  tlie 
sides  of  the  tul)e 
are  connected. 
In  this  way  it 
comes  to  l)e  at- 
tached from 
above  down- 
wards to  the 
following  more 
or  less  fixed 
points: — (1)  The 
Eustachian  tube, 
and  internal 
pterygoid  plate ; 
(2)  the  ptery go- 
maxillary  liga- 
ment, the  pos- 
terior end  of  the 
mylohyoid  ridge 
on  the  inner 
aspect  of  the 
lower  jaw,  and 
the  mucous 
membrane  of 
the  mouth  ;  (.3) 
the  l)ase  of  the 
tongue  and  the 
hyoid  bone  ;  and 
(4)  the  thyroid 
and  cricoid  car- 
tilages of  the 
larynx.  Above, 
it  is  firmly  fixed 
})y  its  aponeurosis 
to  the  periosteum 
of  the  ba si- 
occipital  and 
petrous  portion 
of  the  temporal 
l)ones;  and  in  ad- 
dition the  raphe 
of  the  constric- 
tors is  attached 
to  the  pharyn- 
geal tubercle  of 
the  occipital 
bone.  Below  it 
liecomes  con- 
tinuous with 
the  oesophagus. 
IV  loose  areolar  tissue  to 


Behind  and  at  the  sides,  the  pharynx  is  connected  merely 
the  surrounding  parts. 

The  pharynx  presents  the  following  relations : — In  front,  as  already  descrilied, 
are  the  nasal  cavities,  the  mouth,  l)ase  of  tongue,  and  larynx,  all  of  which  are  seen 
on  its  anterior  wall  (Fig.  G60).  Behind,  it  is  separated  liy  loose  areolar  tissue  (known 
as  the  retro-pharyngeal  space)  from  the  preverte))ral  fascia  and  muscles,  which  inter- 
vene between  it  and  the  six  upper  cervical  vertebrte.    At  the  sides  are  placed  the 
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carotid  sheaths  with  their  contents,  whilst  the  styloid  process  with  its  miiscles, 
and  the  glosso-pharyngeal  nerve,  running  downwards  and  forwards,  form  lateral 
relations  in  its  upper  part.  Above,  the  pharynx  is  united  to  the  basi-occipital  and 
the  petrous  portion  of  the  temporal  bones,  as  already  described;  and  helow,  it  joins 
the  oesophagus. 

The  cavity  of  the  pharynx  is  widest  above  in  the  naso-pharynx,  immediately 
behind  the  Eustachian  tubes  (Fig.  660),  where  it  extends  out  on  each  side,  over 
the  upper  border  of  the  superior  constrictor,  in  the  form  of  a  pouch — the  lateral 
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Fi(!.  Gtil. — Sagittal  Sectkin  through  Mouth,  Tongue,  Lakynx,  Pharynx,  and  Nasal  Cavity. 

The  section  is  slightly  oblique,  and  the  posterior  edge  of  the  nasal  septum  has  been  preserved. 
The  specimen  is  viewed  slightly  from  below,  hence  in  part  the  low  position  of  the  inferior 
turbinated  bone. 


recess.  Its  width  is  also  considera])le  opposite  the  upper  part  of  the  thyroid  carti- 
lage, but  it  rapidly  diminishes  below  the  laryngeal  orifice,  and  is  narrowest  at  its 
termination  in  the  oesophagus. 

The  cavity  is  interrupted  above  by  the  soft  palate,  a  movable  muscular  sheet, 
which  is  attached  in  front  to  the  hard  palate,  and  laterally  to  the  side  walls  of  the 
pharynx.  This  sheet,  sloping  obliquely  backwards  and  downwards,  cuts  into  the 
cavity  of  the  pharynx  (Fig.  661),  and,  falling  short  of  the  posterior  wall,  incom- 
pletely divides  it  into  two,  namely,  an  upper  part  or  naso-pharynx  (pars  nasalis),  and  a 
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lower  part  or  phaiynx  proper,  wliich  is  further  subdivided — })erhaps  unnecessarily — 
into  the  oral  pharynx  (pars  oralis)  lying  Itehind  the  mouth  and  tongue,  and  the 
laryngeal  pharynx  (pars  laryngea)  l)ehin(l  tlie  larynx. 

The  aperture  left  lietween  the  soft  palate  and  the  posterior  wall  of  the 
pharynx,  through  which  the  naso-pharynx  communicates  with  the  lower  divisions 
of  the  cavity,  may  conveniently  be  called  the  pharyngeal  isthmus  (isthmus 
pharyngo-nasalis). 

The  pharynx  presents  seven  ojienings  through  wliich  it  communicates  with 
neighliouring  cavities  (Fig.  (iGO).  These  are  the  two  posterior  nares  (choanse) 
on  the  anterior  wall,  and  the  two  Eustacliian  tul)es  on  the  sides  of  tlie  naso- 


Fio.  662. — The  Naso  pharynx  fko.m  the  Front. 


A  coronal  section  was  made  throngh  the  upper  part  of  the  head  ;  this  passed  immediately  in  front  of 
the  posterior  edge  of  the  nasal  se])tum,  and  extended  into  the  mouth  lielow.  Through  the  posterior 
naves  the  naso-pharynx  is  seen.  The  prominence  of  the  posterior  margin  of  the  Eustacliian  oritice, 
and  the  lymphoid  nodules  constituting  the  jiharyngeal  tonsil,  should  be  noted.  The  palatine  arches, 
the  tonsils,  and  an  uiuisually  wide  pharyngeal  isthmus,  are  also  seen. 

pliar}-nx  :  the  isthmus  of  the  fauces  leading  into  the  moutli  from  the  oral  pharynx  ; 
the  orifice  of  the  larynx  on  the  anterior  wall  of  the  laryngeal  portion  of  the 
cavity  ;  and  finally,  the  o^tening  of  the  cesopluigus  at  its  lower  end. 

Naso-pharynx(Figs.661  and  G62). — Althougli  described  as  a  part  of  the  pharynx, 
this  portion  of  the  cavity  should  be  regarded  as  an  annex  to  the  respiratory  portion 
of  the  nasal  cavities  rather  than  as  a  subdivision  of  the  pharynx  proper,  for,  lioth 
anatomically  and  functionally,  it  is  all  but  com]iletely  marked  off'  from  the 
digestive  tube.  It  differs  Irom  the  rest  of  the  pharynx  in  tliat  its  cavity  remains, 
under  all  conditions,  a  distinct  o])en  cliaml)er  inca.palile  of  obliteration,  owing  to 
the  fact  that  all  its  walls,  with  the  single  exception  of  the  Hoor,  are  practically 
imnioval  »le. 
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Tlie  chamlier  of  the  naso-pliarynx  is  irregular  in  shape,  and  is  enclosed  l)y  six 
vjalls — namely,  antei'ior,  posterior,  two  lateral,  and  a  floor — together  with  a  roof  or 
vault  formed  above  by  the  approximation  of  the  anterior  and  posterior  walls. 

The  anterior  umll,  which  slopes  upwards  and  backwards,  is  entirely  occupied  liy 
the  two  posterior  nares,  with  tlie  nasal  septum  lietween  them  (Fig.  660). 

The  posterior  wall  is  inclined  upwards  and  forwards,  and  forms  the  vault  of  the 
pharynx  (fornix  pharyngis)  above  by  meeting  the  anterior  wall  at  a  rounded  angle. 
On  the  upper  part  of  the  posterior  wall,  at  and  above  the  level  of  the  Eustachian 
orifices,  there  is  seen,  particularly  in  early  life,  a  considerable  accumulation  of 
lymphoid  tissue,  associated  with  a  thickened  and  folded  condition  of  the  mucous 
membrane  in  the  child.  This  is  the  pharyngeal  tonsil  (tonsilla  pharyngea. 
Figs.  661  and  662).  In  old  age  it  l)ecomes  very  indistinct,  or  completely  disappears  ; 
whilst  in  the  child  it  is  often  increased  in  size,  and  f)Ccasionally,  when  greatly 
liypertrophied,  blocks  up  the  naso-pharynx  almost  completely. 

Iti  connexion  with  the  lower  part  of  the  pharyngeal  tonsil,  there  is  found,  constantly 
in  the  cliild  and  occasionally  in  the  adult,  a  small  median  recess  which  runs  upwards  and 
backwards  in  the  wall  of  the  pharyn.x  for  some  distance,  and  is  known  as  the  bursa 
pharyngea  (Fig.  661). 

Three  leading  views  are  held  as  to  the  nature  of  tlie  bursa  pharyngea,  namely — 
1.  That  it  is  the  remains  of  Rathke's  pouch,  from  which  the  anterior  lobe  of  the  pituitary 
body  is  formed.  2.  That  it  is  a  crypt  connected  with  the  formation  of  the  pharyngeal 
tonsil.  3.  That  it  is  an  independent  outgrowth  of  the  mucous  membrane.  The  last  view 
is  perhaps  most  generally  accepted. 

The  Jioor  of  the  naso-pharynx  is  formed  by  the  upper  surface  of  the  soft  palate 
(Fig.  661),  which  in  its  anterior  part  is  a  direct  continuation  backwards  of  the  floor 
of  the  nasal  cavity,  whilst  posteriorly  it  slopes  strongly  downwards  and  backwards. 
Between  the  floor  and  the  posterior  wall  is  left  the  aperture  referred  to  above  as 
the  pharyngeal  isthmus,  through  which  the  naso-pharynx  communicates  with  the 
rest  of  the  pharyngeal  cavity.  By  the  action  of  the  palatal  muscles  the  floor  can 
Ije  raised  or  depressed,  and  these  changes  of  position  are  accompanied  by  corre- 
sponding alterations  in  the  size  and  shape  of  the  cavity. 

Each  lateral  wall  of  the  naso-pharynx  (Fig.  661)  is  occupied  in  the  greater  part 
of  its  extent  by  the  opening  of  the  Eustachian  tulie,  behind  which  is  seen  a 
vertical  slit-like  depression  leading  into  a  recess,  the  lateral  recess  of  the  pharynx, 
or  fossa  of  Rosenmiiller. 

The  pharyngeal  orifice  of  the  Eustachian  tube  (ostium  pharyngeum)  is  a  con- 
sideraljle  opening,  usually  of  a  somewhat  triangular  form,  with  a  characteristic 
infundibular  or  funnel-like  appearance  (Fig.  661).  It  is  bounded  above  and  behind 
l)y  a  prominent  rounded  ridge,  the  Eustachian  cushion  (torus  tuberins).  This 
ridge  is  due  to  tlie  projection  of  the  cartilage,  which  surrounds  the  Eustachian 
passage  al)Ove  and  ))ehind,  l)ut  is  aljsenl,  below  and  in  front.  The  prominence 
of  the  posterior,  as  contrastetl  with  the  anterior  margin  of  the  orifice,  and  the 
direction  of  the  iwhe  itself,  which  runs  strongly  forwards  as  well  as  inwards 
(traced  from  the  tympanum),  greatly  facilitate  the  introduction  of  a  Eustachian 
catheter. 

The  exact  position  of  the  orifice  is  of  importance  in  connection  with  this  latter 
operation.  It  is  situated  on  the  side-wall  of  the  naso-pharynx,  a  short  distance 
(al)out  \  to  h  inch)  behind  the  posterior  end  of  the  inferior  turbinated  lione,  and 
inuuediately  alune  the  level  of  the  hard  palate  (Figs.  661  and  662). 

A  slight  ridge  of  the  niTicous  raenibrane  descends  from  the  lower  end  of  the  Eustacliian 
cushitm  on  tlie  side-wall  of  the  pliarynx,  and  gradually  becomes  lost.  This  is  known  as 
the  salpingo-pharyngeal  fold  (plica  salpingo-pharyngea).  Another  less  developed  ridge, 
the  salpingo  palatine  fold  (plica  salpingo-palatina),  passes  fi'om  the  anterior  border  of 
the  Eustachian  orifice  downwards  and  forwards  to  join  the  palate.  In  front  of  the  latter 
lies  an  indistinct  groove,  the  naso  pharyngeal  groove,  which  indicates  the  separation  of 
the  nasal  cavity  from  the  naso-pharynx. 

The  levator  palati  muscle  in  descending  runs  parallel  to  the  Eustachian  tube,  and  along 
its  Igvver  border,    As  it  enters  the  palate,  it  produces,  particularly  when  in  a  state  of 
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contraction,  an  elevation  just  below  the  Eustachian  orifice,  known  as  the  levator 
cushion  (torus  levatorius,  Figs.  660  and  661),  which  in  its  outer  jiortion  abuts  against 
the  lower  part  of  the  orifice,  and  forms  its  base  when  that  opening  assumes  its  usual 
triangular  sliape. 

Occasionally  tlie  Eustachian  orifice  is  of  an  oval  or  slit-like  form,  with  sloping  edges, 
but  the  triangular  shape  described  above  is  much  more  commonly  found. 

Immediately  behind  each  Eustachian  orifice  is  seen  the  lateral  recess  of  the 
pharynx  (recessus  pharyngeus,  fossa  of  Eosenmiiller),  a  nearly  vertical,  slit-like 
depression  of  considerable  depth  (Figs.  660  and  661),  which  runs  outwards  in  the 
form  of  a  flattened  pouch  or  diverticulum. 

The  lateral  recesses  project  out  over  the  upper  margin  of  the  superior  constrictor,  and 
beneath  the  j^etrous  portion  of  the  temporal  bone,  corresponding  to  the  position  of  the  sinus  of 
Morgagni  on  each  side.  The  recess  is  the  remains  of  the  inner  or  pharyngeal  portion  of  tlie 
.second  visceral  cleft,  the  lower  part  of  which  is  re])resented  in  the  supratonsillar  fossa. 

Oral  Pharynx  (pars  oralis). — This  is  the  portion  of  the  pharyngeal  cavity  whieli 
lies  beliind  the  mouth,  and  intervenes  between  the  soft  palate  above  and  the 
superior  aperture  of  the  larynx  below.  Its  anterior  wall  is  occupied  by  the 
isthmus  of  the  fauces,  leading  into  the  mouth ;  and  below  this  l)y  the  pharyngeal 
jjortion  of  the  tongue,  almost  vertical  in  direction.  Its  lateral  wall  (Fig.  661) 
])resents  a  triangular  area  (sinus  tonsillaris),  bounded  in  front  l)y  the  anterior 
palatine  arch,  behind  by  the  posterior  palatine  arch,  and  below  by  the  sides  of  the 
tongue  in  its  pharyngeal  portion.  This  area  is  occupied  in  the  greater  part  of  its 
extent  by  the  tonsil,  above  which  is  found  a  depression,  the  supratonsillar  fossa 
(Fig.  661),  which  is  of  considerable  interest  clinically. 

The  posterior  palatine  arch  (arcus  pharyngo-palatinus,  posterior  pillar  of  the 
fauces)  is  a  prominent  fold  of  mucous  membrane,  containing  the  palato-pharyngeus 
muscle  in  its  interior,  which  springs  above  from  the  posterior  edge  of  the  soft 
palate,  and,  passing  downwards  and  slightly  backwards,  ends  below  on  the  side-wall 

_    , .,  of  the  pharynx  (Fig.  661).    The  two 

Tlie  pliiltrum  ^     .  ^        i.-         ^i  n 

posterior  palatine  arches  form  the 
lateral  boundaries  of  the  pharyngeal 
isthmus,  which  passage  they  can 
modify  both  in  size  and  shape  hy  the 
contraction  of  their  contained  muscles. 
The  anterior  palatine  arch  is  de- 
paiatine  arch  gcribcd  ou  page  950. 

The  pharyngeal  isthmus  (isthmus 
pharyngo-nasalis)  is  the  very  oblique 
and  somewliat  triangular  orifice 
through  which  the  oral  pharynx  com- 
municates with  the  naso- pharynx 
(Fig.  663).  It  differs  consideraldy  in 
size  and  shape  in  different  individual 
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pharynx can  l)e  explored  from  tlie 
mouth  only  with  very  great  difficulty  ; 
whilst  in  others  it  is  of  much  larger 
dimensions  (Fig.  662)  and  affords  ample 
space  for  the  rhinoscopic  examination 
of  the  naso-pharynx  and  the  back  part 
of  the  nasal  cavities. 

In  general  it  may  be  described  as 
triangular  in  shape,  the  sides  corre- 
sponding to  the  posterior  palatine 
arches,  and  the  base,  which  is  behind, 
being  formed  by  the  posterior  wall  of  the  pliarynx.  The  apex  of  the  triangle  is 
directed  towards  the  soft  palate,  and  is  encroached  upon,  and  overlapped  from  below 
by,  the  uvula.^  which  assists  in  the  closure  of  the  orifice  (Fig.  663). 


Fui.  663.--Oi'EN  Mouth  oHovviNt;  Palatk  and  Tonsils. 

It  also  shows  the  two  palatine  arches,  and  the  pharyngeal 
isthmus  through  which  the  naso-pharynx  above  com- 
municates with  the  oral  portion  of  tlie  ])haryiix 
below. 
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By  the  contraction  of  the  palato-pharyngei  muscles,  which  are  enclosed  within  the 
palatine  arches,  the  sides  of  the  isthmus  can  be  approximated,  like  two  curtains,  and  its 
size  correspondingly  diminished.  When,  at  the  same  time,  the  uvula  and  soft  palate  are 
elevated,  and  the  whole  pharynx  in  this  region  is  narrowed  by  the  contraction  of  the 
superior  constrictor,  the  aperture  can  be  completely  closed,  and  the  oral  separated  from 
the  nasal  pharynx,  as  in  the  acts  of  swallowing  and  vomiting. 

The  tonsils  (tonsillte  palatinae,  amygdalae)  are  two  large,  oval  masses  of  lymphoid 
tissiie  which  are  embedded  in  the  lateral  walls  of  the  oral  pharynx,  Ijetween  the 
anterior  and  posterior  palatine  arches  (Fig.  661).  As  already  pointed  out,  there  is 
in  this  region  a  triangular  interval  (the  sinus  tonsillaris),  situated  between  the  two 
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Fid.  664. — Horizontal  Section  through  Mouth  and  Pharynx  at  the  Level  of  the  Tonsils. 

The  stylopliaryngeus,  which  is  sliown  immediately  to  the  inner  side  of  the  external  carotid  artery,  and  the 
prevertebral  muscles,  are  not  indicated  by  reference  lines. 

palatine  arches  and  the  side  of  the  tongue.  The  greater  part  of  this  interval  is 
occupied  by  the  tonsil.  In  its  upper  part,  however,  above  the  tonsil,  there  is 
usuall)"  found  a  variably-developed  depression  already  referred  to  as  the  supra- 
tonsillar  fossa. 

The  tonsil  lies  under  cover  of  the  ramus  of  the  jaw,  and  corresponds  in 
position  to  a  point  a  little  above  and  in  front  of  its  angle.  Its  inner  or  pharyngeal 
surface  is  prominent,  and  closely  beset  with  ni^merous  deep,  pit-like  depressions — the 
crypts  of  tlie  tonsil.  These  crypts  are  most  numerous  in  the  upper  part  of  the  mass, 
where,  in  particular,  they  form  a  series  of  irregular  inter-communicating  passages. 

The  outer  or  attached  surface  is  enclosed  in  a  distinct  fibrous  capsule  connected 
with  the  pharyngeal  aponeurosis,  outside  which  lie  the  superior  constrictor  of  the 
])harynx  and  the  internal  pterygoid  muscles  (Fig.  664). 
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The  ascending  palatine  artery,  running  upwards  and  backwards  between  the  stylo- 
glossus and  stylo-pharyngeus,  lies  in  close  relation  to  the  outer  surface  of  the  tonsil — 
separated  only  by  its  capsule  and  the  supei'ior  constrictor — as  does  also  the  tonsillar 
artery,  which  is  often  represented  by  a  branch  of  the  last.  More  external  still  lies  the 
internal  pterygoid  and  the  ramns  of  the  jaw ;  whilst  the  internal  carotid  artery, 
with  the  large  cranial  nerve  trunks,  is  placed  f  to  1  inch  behind  and  to  its  outer  side 
(Fig.  664). 

The  size  of  the  tonsils  is  extremely  variable,  but  as  a  rule,  in  early  life,  they 
measure  something-  under  1  inch  (20  to  22  mm.)  fi'om  al)Ove  downwanls,  al)out  f  inch 
(18  to  20  mm.)  antero-posteriorly,  and  J  inch  (12  to  15  mm.)  from  within  out. 

In  the  child  and  young  adult  thero  is  usually  seen  a  thin  triangular  fold  of  mucou.s  nieui- 
hrane,  the  plica  triangularis  (His),  which  stretches  from  the  anterior  jjalatine  arch  backwards  for 
a  variable  distance  over  the  tonsil  (Fig.  661).  Its  apex  is  directed  upwards  towards  the  soft 
palate,  its  base  toward.s  the  tongue,  and  its  free  margin  crosses  the  tonsil,  to  which  it  often 
adheres  in  later  life.  In  this  latter  condition  the  plica  encloses  a  more  or  less  distinct  sj)ace 
situated  between  itself  and  the  tonsil,  in  which  diseased  processes  are  often  set  up. 

Above  the  tonsil,  as  already  mentioned,  is  found  a  variably-developed  depression,  the  supra- 
tonsillar  fossa,  which  occasionally  is  of  considerable  size,  and  then  extends  either  ujjwards  into 
the  soft  palate  or  forwai'ds  and  downwards  beneath  the  plica  triangularis.  This  fossa  is  frequently 
the  seat  of  supjturative  changes,  and  is  consequently  of  considerable  clinical  importance. 

The  supratonsillar  fossa,  like  the  lateral  recess  of  the  jiharynx,  is  the  remains  of  the  pharyn- 
geal portion  of  the  second  visceral  cleft.  The  palate  in  its  growth  backwards  crosses  the  cleft, 
whicli  it  di\'ides  into  two  parts — namely,  the  pharyngeal  recess  above,  and  the  supratonsillar 
recess  below  the  soft  palate. 

In  the  severe  haiinorrhage  which  has  been  known  to  follow  excision  of  an  enlarged  tonsil, 
and  whicli  has  been  errf)neoiisly  attributed  to  the  wounding  of  the  internal  carotid  artery,  the 
blood  is  derived  chiefly  from  enlarged  branches  of  the  ascending  palatine,  tonsillar,  or  ascending 
l)liaryngeal  vessels. 

The  arteries  of  the  tonsil  are  derived  from  the  ascending  jialatine  and  tonsillar  branches  of 
the  facial,  the  ascending  pharyngeal  of  the  external  carotid,  and  the  doi'salis  linguic  of  the 
lingual.  The  veins  pass  to  the  tonsillar  plexus,  on  the  outer  side  of  the  tonsil,  whicli  is  an 
offshoot  of  the  pharyngeal  venous  plexus. 

Nerves. — The  tonsil  receives  a  special  branch  from  the  glosso-pharyngeal ;  this  unites  with 
branches  from  the  pharyngeal  jjlexus  in  a  small  plexus  tonsillaris  which  supplies  the  organ. 

The  lymphatics  are  extremely  numerous,  and  pass  down  to  join  some  of  the  submaxillary 
lymphatic  glands  near  the  angle  of  the  jaw. 

Laryngeal  Portion  of  the  Pharynx  (pars  laryngea).  —  This  division  of  the 
pharyngeal  cavity  lies  behind  the  larynx  (Fig.  660).  It  is  wide  above,  where 
it  is  continuous  with  the  oral  portion,  and  maintains  a  consideralile  width  until 
within  about  an  inch  of  its  termination,  when  behind  the  cricoid  cartilage  it 
narrows  rapidly  and  passes  down  to  join  the  oesophagus.  Except  during  the 
passage  of  food,  the  anterior  and  posterior  walls  of  this  latter  part  are  in  contact, 
and  its  cavity  is  reduced  to  a  mere  transverse  slit  (Fig.  661). 

The  anterior  mall  of  the  laryngeal  portion  of  the  pliarynx  is  formed  in  its 
whole  extent  by  the  hack  of  the  larynx,  of  which  the  following  parts  are  seen 
within  the  pharyngeal  cavity  (Fig.  660): — Tlie  epiglottis  above;  below  this  the 
superior  aperture  of  the  larynx,  bounded  at  the  sides  by  the  aryteno-epiglottic 
folds ;  outside  these  folds  is  seen  on  each  side  a  deep  recess,  the  sinus  pyriformis 
(recessus  piriformis,  Fig.  660).  Lower  down  still,  the  liack  of  the  arytenoid  and 
cricoid  cartilage,  covered  by  muscles  and  mucous  membrane,  are  visible. 

Its  posterior  and  lateral  v:alls  are  directly  continuous  with  the  corresponding 
walls  of  the  oral  ])]iarynx,  and  present  no  features  which  recpiire  special  notice. 

A  ])rouiinent  fold  of  the  nuicous  membrane,  extending  from  the  side  of  the  epiglottis,  rinis 
u]i  along  the  lateral  wall,  upon  which  it  ends  near  the  posterior  palatine  arch.  This,  the 
pharyngo-epiglottic  fold,  is  often  described  as  a  lateral  glosso-epiglottic  fold. 

The  sinus  pyriformis  is  a  deep  depression,  seen  on  each  side  between  the  aryteno- 
epiglottic  fold  aiul  tlu;  ala  of  the  thyroid  cartilage.  When  viewed  from  above,  as 
in  laryngosc()])ic  exanunations,  it  appears  of  a  pyriform  shape,  the  wider  end  being- 
directed  upwards  and  forwards.  When  viewed  from  behind,  the  recess  is  boat- 
shaped  an(l  elongated  in  the  vertical  direction.  Its  outer  wall  is  formed  by  the 
thyroid  cartilage  and  thyro-hyoid  membrane,  covered  by  mucous  membrane  ;  its 
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inner  wall  by  the  aryteno-epiglottic  fold,  and  slightly  below  by  the  upper  part  of 
the  cricoid  cartilage. 

Vessels  and  Nerves  of  the  Pharynx. — The  arteries  of  the  ^jharynx  are  derived  from — 1, 
tlie  ascending  pliaryngeal ;  2,  tlie  ascending  palatine  liranch  of  facial ;  3,  the  posterior  palatine, 
from  the  internal  maxillary,  with  a  few  twigs  from  the  dorsalis  lingnse,  tonsillar  (of  facial), 
vidian,  and  pterygo-palatine  of  the  internal  maxillary.  The  veins  go  to  the  pharyngeal  venous 
plexus,  which  is  found  between  tlie  constrictors  and  the  bucco-pharyngeal  aponeurosis.  The 
])lexus  communicates  with  the  pterygoid  jilexus  above  and  with  the  internal  jugular  or  facial 
vein  below. 

The  lymphatics  of  the  pharynx  pass  chiefly  to  the  upper  set  of  deep  cervical  glands.  Those 
from  the  ujjper  part  of  the  posterior  wall  join  a  few  post-pharyngeal  glands  which  are  found  on 
eacli  side  Ijetween  the  pharynx  and  the  rectus  anticus  major  muscle.  These  latter  glands,  which 
are  large  in  the  child,  small  in  the  adult,  but  apparently  always  present  (Fig.  664),  are  of  con- 
siderable clinical  intei'est,  as  they  often  form  the  starting-point  of  post-pharyngeal  abscess. 

The  nerves  of  the  pharynx,  liotli  motor  and  sensory,  are  derived  chiefly  from  the  pharyngeal 
plexus,  which  is  formed  by  branches  of  the  vagus,  glosso-pharyngeal,  and  sympathetic.  The 
soft  palate  and  the  neighbourhood  of  the  tonsil  are  supjjlied  by  the  posterior  and  external 
jialatine  branches  of  Meckel's  ganglion.  Tlie  tonsil  receives  a  branch  from  the  glosso-pharyngeal 
direct.  The  vault  of  the  pharynx,  and  the  region  around  the  Eustachian  orifice,  as  well  as  the 
orifice  itself,  are  supplied  by  the  pharyngeal  branch  of  Meckel's  ganglion.  Finally,  the  superior 
laryngeal  nerve  supplies  the  mucous  membrane  of  the  back  of  the  larynx,  where  it  forms  the 
anterior  wall  of  the  laryngeal  portion  of  the  pharynx. 

Structure  of  the  Pharyngeal  Wall. — The  pharyngeal  wall  is  made  up  of 
tlic  following  layers: — (1)  The  thick  mucous  membrane,  which  is  plentifully  supplied 
with  racemose  mucous  glands,  and  lymphoid  tissue,  and  is  lined  by  stratified  squamous 
epithelium,  except  in  the  naso  pharynx,  where  the  epithelium  is  columnar  and  ciliated. 
(2)  Outside  the  mucous  membrane  lies  a  layer  of  firm  connective  tissue,  the  pharyngeal 
aponeurosis,  which  is  closely  associated  with  the  muscles,  and  receives  the  insertions  of 
many  of  their  fibres.  This  layer  blends  with  the  periosteum  of  the  base  of  the  skull 
superiorly,  and  is  united  to  the  Eustachian  tube,  the  margins  of  the  posterior  nares,  and  the 
other  fixed  points  to  which  the  pharynx  is  connected  anteriorly.  It  is  thickest  above, 
at  the  sinuses  of  Morgagni,  where  the  muscular  coat  is  wanting,  and  where  it  forms  the 
chief  constituent  of  the  pharyngeal  wall.  Below,  it  gradually  grows  thinner  as  the  lower 
end  of  the  pharynx  is  approached.  (3)  External  to  the  pharyngeal  aponeurosis  lies  the 
muscular  coat,  formed  of  the  three  constrictors  with  the  stylo-  and  palato-pharyngeus. 
The  muscular  coat  is  covered  externally  by  (4)  the  bucco-pharyngeal  fascia,  a  thin  and, 
in  places,  ill-defined  layer  of  fascia  which  surrounds  the  constrictors  of  the  pharynx,  and 
passes  forward  above  to  cover  the  outer  surface  of  the  buccinator.  It  is  connected  behind 
to  the  prevertebral  fascia  by  loose  connective  tissue  (the  retro-pharyngeal  space),  and 
it  is  similarly  connected  by  areolar  tissue  to  the  other  structures  with  which  the  pharjuix 
comes  in  contact. 

The  racemose  glands  of  the  mucous  membrane,  which  are  of  the  mucous  tyjje,  are 
very  numerous  in  the  walls  of  the  naso-pharynx  and  in  the  soft  palate,  where  they  form 
a  thick  continuous  layer.  They  are  also  numerous  about  the  aryteno-epiglottic  folds  and 
on  the  back  of  the  arytenoid  muscles  in  the  laryngeal  portion  of  the  pharynx.  Over  the 
rest  of  this  cavity,  though  numerous,  they  are  not  so  thickly  placed  as  in  the  regions  just 
mentioned.  The  lymphoid  tissue,  either  in  a  diffuse  form  or  collected  into  lymphoid 
follicles,  is  found  throughout  the  whole  of  the  mucous  membrane.  As  already  pointed 
out,  it  is  particularly  abundant  on  the  upper  portion  of  the  posterior  wall  of  the  naso- 
pharynx, where  it  forms  the  pharyngeal  tonsil. 

The  pharyngeal  aponeurosis,  which  is  thick  above  and  thin  below,  and  the  bucco- 
pharyngeal fascia,  which  is  thin  above  and  stouter  below,  are  practically  blended  into  one 
layer  above,  near  the  base  of  the  skull,  where  the  muscular  coat  is  absent.  Lower 
down  they  are  separated  by  the  constrictors,  and  become  two  distinct  sheets.  They 
are  strengthened  in  the  middle  line  posteriorly  by  a  fibrous  band  descending  from  the 
pharyngeal  tubercle. 

Development  of  the  Pharynx  and  Tonsil. 

For  the  development  of  the  pharynx  from  the  anterior  portion  of  the  foregut,  and  the 
formation  and  fate  of  the  visceral  arches  and  clefts  which  are  found  in  its  wall,  the  reader 
is  referred  to  the  chajiter  on  Genenil  Embryology,  p.  32. 

The  anterior  palatine  arch  is  derived  from  the  second  visceral  arch,  behind  which,  in 
the  embryo,  lies  the  pharyngeal  portion  of  the  second  visceral  cleft.    This  cleft  is  crossed 
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by  the  palate  in  its  growth  backwards  ;  the  part  above  the  palate  is  represented  in  the  adult 
by  the  lateral  recess  of  the  pharynx  and  the  part  l)elow  it  hy  the  sinus  tonsillaris.  From 
tlie  lower  and  greater  jjart  of  the  sinus  tonsillaris  the  tonsil  is  developed  ;  the  upper  part 
of  the  sinus  persists,  however,  as  the  snpratonsillar  fossa.  The  tonsil  at  first  is  a  smooth 
depression  of  the  mucous  membrane.  About  the  fourth  month  of  foetal  life  downgrowths 
of  the  epithelium  take  place,  which  are  afterwards  converted  into  the  tonsillar  crypts. 
Subsequently  lymphoid  cells  accumulate  around  the  downgrowths  and  form  the  lymphoid 
tissue,  which  constitutes  the  mass  of  the  organ. 

The  upper  and  anterior  part  of  the  naso-pharynx  is  derived  from  the  stomatodeuni, 
the  remainder  of  the  cavity  from  the  foregut. 

THE  (ESOPHAGUS. 

The  oesophagus  or  gullet  is  the  portion  of  the  digestive  canal  which  intervenes 
between  the  pharynx  above  and  the  stomach  below.    With  the  exception  of  the 

pylorus,  it  is  the  narrowest,  and  at  the  same 
time  one  of  the  most  muscular  parts  of  the 
whole  alimentary  tube. 

It  extends  from  the  termination  of  the 
pharynx,  at  the  lower  l^order  of  the  cricoid 
cartilage  and  opposite  the  sixth  cervical 
vertebra,  to  the  cardiac  orifice  of  the  stomach, 
opposite  the  eleventh  dorsal  vertebra.  Between 
these  two  points  it  traverses  the  lower  part 
of  the  neck,  the  whole  length  of  the  thorax, 
and,  having  pierced  the  diaphragm,  it  enters 
the  abdomen,  and  immediately  afterwards 
joins  the  stomach.  In  this  course  it  does 
not  adhere  to  the  mesial  plane  of  the  body, 
hut  twice  leaves  it,  and  curves  to  the  left. 
The  first  of  these  curvatures  corresponds  to 
the  lower  part  of  the  neck  and  the  upper  part 
of  the  thorax,  where  the  oesophagus  projects 
beyond  the  left  margin  of  the  trachea  to  the 
extent  of  ^  or  ^  inch  (4  to  6  mm.).  It  returns 
to  the  middle  line  about  the  level  of  the  aortic 
arch.  Lower  down,  behind  the  pericardium, 
it  again  passes  to  the  left,  and  at  the  same 
time  forwards,  in  order  to  reach  the  oeso- 
phageal opening  in  the  diaphragm  (which  is 
placed  in  front  and  to  the  left  of  the  aortic 
opening),  and  it  maintains  this  direction 
until  the  stomach  is  reached. 

In  addition  to  the  curvatures  just  described,  • 
it  is  also  curved  in  the  antero-posterior  direc- 
tion, in  correspondence  with  the  form  of  the  ver- 
tebral column  upon  which  it,  in  great  part,  lies. 

In  length  it  usually  measures  about  ten 
inches  (25  cm.). 

Its  breadth,  where  the  tulie  is  widest,  varies 
between  half  an  inch  (13  mm.)  in  the  empty 
contracted  condition  and  an  inch  or  more 
(25  to  30  mm.)  in  tlie  fully  distended  state. 
When  seen  in  sections  of  the  frozen  body  (Fig.  666),  the  oesophagus  usually 
appears  either  as  a  flattened  tube  with  a  transverse  slit-like  cavity,  or  as  an  oval 
or  rounded  canal  with  a  more  or  less  stellate  lumen.  The  former  condition  is 
more  common  in  the  neck,  owing  to  the  pressure  of  the  tracliea,  and  the  lattci- 
in  the  thorax. 

When  exposed  in  the  ordinary  post-mortem  examination  soon  after  death. 
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it  has  rather  the  appearance  of  a  soKd 
muscular  rod  or  hand  than  of  a  hollow 
tube. 

The  oesophagus  presents  two  distinct  cow- 
striciions,  one  situated  at  its  Ijeginuing,  the 
other  at  the  point  where  it  is  crossed  by  the 
left  bronchus.  Both  constrictions  are  of 
the  same  size,  and  will  admit  without  injury 
an  instrument  with  a  maximum  diameter 
of  i  inch  (20  mm.).  At  each  of  these  points 
the  tulje  is  flattened  from  before  backwards. 

The  oesophagus  varies  iu  length  in  different 
in(li^'idnals,  from  8  to  14  inches  (20  to  35  mm.). 
The  distance  from  the  npper  incisors  to  the  be- 
ginning of  the  oesophagus  averages  ahout  6  inches 
(15  cm.). 

During  life  the  cervical  portion  is  said,  under 
ordinary  circumstances,  to  be  closed  and  flattened 
from  before  backwards  by  outside  pressure,  whilst 
the  thoracic  portion  may  be  ojien  owing  to  the 
negative  pressure  in  the  tliorax.  The  passage  into 
the  stomach  is  also  said  to  be  open  (Mickulicz),  but 
t  ins  is  doubtful. 

The  size  at  the  two  constrictions,  when  the 
tube  is  fully  distended,  is  23  mm.  transversely,  and 
17  mm.  antero-j)Osteriorly.  The  other  parts  vary  in 
diameter  between  26  and  30  mm.  (Jonnesco). 

In  its  first  curvature  to  tlie  left  the  divergence 
is  greatest  opposite  tlie  third  dorsal  vertebra.  The 
second  inclination  to  this  side  begins  about  the 
seventh  dorsal  vertebra,  and  continues  to  the  end  of 
the  oesophagus,  being  considerably  increased  as  the 
(lia])hragm  is  approached. 

Relations  of  the  CBsophagus.  —  The 

relations  (Eig.  666)  differ  so  widely  in  the 
neck  and  thorax  that  they  must  be  described 
separately  for  each  of  these  regions.  \ 

In  the  neck. — In  front  lies  the  trachea — 
to  the  posterior  membranous  wall  of  which 
the  oesophagus  is  loosely  connected  by 
areolar  tissue — and  in  the  groove  at  each 
side,  between  the  two,  the  recurrent  laryn- 
geal nerve  ascends  to  the  larynx  (Fig.  666,  A). 
Behind  lie  the  vertebral  column  and  the 
k)ngus  colli  muscles,  from  which  the  oeso- 
phagus is  separated  by  the  prevertebral  layer 
of  the  cervical  fascia.  At  the  sides  are  placed 
the  carotid  sheaths  with  their  contained 
vessels,  and  the  lateral  lobes  of  the  thyroid 
l)ody.  Owing  to  the  deviation  of  the  tube 
to  the  left  in  the  lower  part  of  the  neck,  its 
relation  to  the  carotid  sheath  and  thyroid 
))ody  is  much  more  intimate  on  this  than 
on  the  right  side. 

In  the  thorax.  —  The  oesophagus  passes 
successively  through  the  superior  and  pos- 
terior mediastina,  in  the  former  lying  close 
to  the  vertebral  column,  but  in  the  latter 
advancing  somewhat  into  the  thoracic  cavity 
and  coming  into  contact  with  the  back  of 
the  pericardium.  The  trachea  still  lies  in 
front  as  far  as  its  bifurcation.  Immediately 
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Fig.  A  is  at  level 
of  the  upper 
part  Lst  dorsal 
vertebra,  and 
shows  the  chief 
relations  of  the 
I  esophagus  in 
the  neck  and 
also  its  diver- 
gence to  the 
left. 


Fig.  B,  at  the  3rd 
dorsal  verte- 
bra,' shows  the 
thoracic  duct 
lying  on  left 
side  of  the  ceso- 
pliagus. 
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In  Fig.  C,  at  the 
level  of  the  .5th 
dorsal  vertebra, , 
the  left  bron- 
chus is  seen  iu 
relation  to  the 
front  of  the 
tesophagus. 


Fig.  D  is  at  level 
of  sth'dorsal 
vertebra,  and 
shows  the  peri- 
cardium lying 
on  front  of  oeso- . 
phagns. 


Fig.  E,  at  flth 
dorsal  vertebra, 
shows  the  tesu- 
phagus  inclin- 
ing to  the  left 
just  before 
piercing  the 
diaphragm..  , 
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Fio.  666. — Tracings  from  Frozen  Sections  to 
SHOW  THE  Relations  op  the  (Esophaous 
at  the  levels  of  the  1st,  3rd,  5th,  8th,  and 
9th  dorsal  vertebrse  respectively. 

A,  Aorta  ;  C,  Common  carotid  artery  ;  D,  Diaphragm  ; 
L.B,  Left  bronchus  ;  L.C,  Left  subclavian  artery  ; 
L.  R,  Left  recm-rent  nerve  :  L.V,  Left  vagus  ;  (")e, 
CEsophagus  ;  P,  Pleura;  Pc,  Pericardium;  K.  B, 
Right  bronchus;  R.R,  Right  recurrent  nerve; 
R. V,  Right  vagus;  T,  Trachea;  T. U,  Thoracic 
duct ;  V.A,  Vena  azygos  major. 


990 


THE  DIGESTIVE  SYSTEM. 


below  this  the  cESophagus  is  crossed  by  the  left  l)ronchus  (Fig.  666,  C),  and  in 
the  rest  of  its  thoracic  course  it  lies  in  the  closest  relation  to  the  back  of  the 
pericardium.  Behind,  it  rests  on  the  longus  colli  muscle  and  tlie  verteliral  column 
in  the  upper  part  of  the  thorax ;  but  below  the  bifurcation  of  the  tracliea,  as 
already  explained,  it  advances  into  the  cavity  of  the  posterior  mediastinum,  and  is 
soon  separated  from  the  spine  )jy  the  vena  azygos  major,  the  thoracic  duct,  and  in 
its  lower  part  liy  the  aorta  as  well. 

On  its  left  side  lie  the  thoracic  duct,  the  pleura,  and  the  left  subclavian  artery 
in  the  upper  part  of  the  thorax  ;  the  aorta  in  the  middle  region  ;  and  lower  down  the 
pleura  again,  for  a  little  way,  before  the  (esophagus  pierces  the  diaphragm.  On  the 
right  side  the  tube  comes  into  relation  witli  the  arch  of  the  azygos  vein,  whilst 
below  this  the  pleura  clothes  it. 

The  two  pneuinogastric  nerves,  after  forming  the  posterior  pulmonary  plexuses 
Ijehind  the  roots  of  the  lungs,  descend  to  the  o'sopliagus,  where  tliey  form,  l>y  unit- 
ing with  one  another  and  with  the  branches  of  the  sympathetic,  the  plexus  guise  or 
oesophageal  plexus.  Lower  down  the  left  nerve  winds  rountl  to  the  front,  whilst  the 
right  turns  to  the  back,  and  in  this  relation  they  pass  with  the  tube  through  the 
diaphragm  to  reach  the  stomach. 

Relation  of  the  Aorta  to  the  (Esophagus. — Tlie  aicli  of  the  aorta,  jjassiug  Imck  to  reach 
the  vertebral  column,  lies  in  relation  to  the  left  side  of  the  oesojjhagus ;  ctnisequently  the 
descending  thoracic  aorta  lies  at  first  to  its  left ;  lower  down,  however,  as  the  aorta  j)asses  on  to 
the  front  of  the  verteltral  column,  and  the  gullet  inclines  forwards  and  to  the  left,  the  (E.so])]iagus 
comes  to  lie  at  first  in  front,  and  then,  as  tlie  diaphragm  is  approached,  it  lies  not  only  in  front, 
hut  also  .somewhat  to  the  left  of  tlie  artery  (Figs.  665  and  666). 

Relation  of  the  Thoracic  Duct  to  the  CEsophagus. — The  thoracic  duct,  lying  to  the  right 
of  the  aorta  helovv,  is  not  directly  related  to  the  ojsophagus  (Fig.  666,  E) ;  but  higher  up 
(Fig.  666,  D  and  E)  it  lies  behind  it.  Aliout  the  level  of  the  aortic  arch  the  duct  i)as.ses  to  the  left, 
and  above  this  (Fig.  666,  B  and  A)  will  Ije  found  resting  against  the  left  side  of  the  a3S0j)hagus, 
wliich  it  accompanies  into  the  neck. 

Relation  of  the  Pleural  Sacs  to  the  CEsophagus. — Above  the  level  of  the  aortic  arch  and 
the  arch  of  the  vena  azygos  major,  between  which  the  tulie  descends,  the  pleune,  though  not  lying  in 
immediate  contact  with  the  CESophagus,  are  separated  from  it  only  by  a  little  connective  tissue, 
and  on  the  left  side  also,  behind  the  suljclavian  artery,  by  the  thoracic  duct  (Fig.  666,  B).  Here, 
in  thin  bodies,  the  jjleura  is  very  close  to  the  ojsophagu.s,  and  the  thoracic  duct,  lying  on  its  left 
side,  may  occasionally  be  seen  through  the  pleural  mend>rane.  Below  the  arch  of  the  azygos 
vein  the  pleura  clothes  the  right  side  of  the  CEsophagus — and  very  often  even  a  con.sideral)le 
portion  of  its  posterior  surface  too,  thus  forming  a  deep  recess  behind  it — -aluiost  as  low  down  as 
the  opening  in  the  diaphragm.  On  the  left  side,  below  the  level  of  the  aortic  arch,  the  pleui-a 
comes  in  contact  with  the  gullet,  only  for  a  short  distance,  just  above  the  diaphragm  (Fig.  666,  E). 

Divisions. — Both  a  diaphragmatic  (Jonnesco)  and  an  abdominal  part  of  the  oesophagus  ai'e 
described.  The  diaphragmatic  portion,  said  to  be  about  half  an  inch  in  length  (1  to  1-5  cju.), 
corresjionds  to  the  2)ortion  of  the  tube  which  lies  in  the  (Esophageal  orifice  (or  canal)  of  the 
diaphragm.  The  jjlane  of  this  orifice  is  very  oblique  or  almost  vertical,  and  its  abdominal 
oi)ening  looks  forwards  and  to  the  left,  and  but  little  downwards.  Above  and  in  front,  where  it  i.s 
bounded  either  l)y  the  j^osterior  edge  of  the  central  tendon  or  by -a  few  decussating  fibres  of  the 
muscular  portion  of  the  diaphragm,  which  meet  behind  the  tendon,  the  CEsophageal  orifice  has 
practically  no  length,  and  consequently  the  cesophagus  here  jjasses  into  the  abdominal  cavity 
immediately  after  leaving  the  thorax.  At  the  .sides  and  behind,  on  the  other  hand,  the  decus- 
sating bands  from  the  two  crura,  which  embrace  the  orifice,  are  so  arranged  that  they  turn  a  flat 
surface  (not  an  edge)  towards  the  opening,  and  thus,  posteriorly  and  laterally,  the  orifice  or  canal 
is  of  some  length ;  and  on  these  aspects  there  is  a  jjortion  of  the  tube  in  contact  with  the 
diaphragm  for  a  distance  of  1  to  cm.  But  this  contact  takes  place  not  around  a  horizontal 
line,  but;  in  a  very  oblique  plane  corresponding  to  that  of  the  orifice.  On  the  whole,  it  is  jjerliaps 
more  satisfactory  not  to  describe  a  separate  diaphragmatic  portion,  but  to  say  that  tlu',  ocsopliagiis 
pierces  the  diajjliragm  very  obliquely,  and  that  at  the  sides  and  behind  it  is  in  contact  with  tlie 
walls  of  the  orifice  for  a  distance  of  half  an  inch  or  more. 

The  oesophagus,  in  passing  through  the  orifice,  is  connected  to  its  boundaries  by  a  considerable 
amount  of  strong  connective  tissue,  but  it  is  extremely  difficult,  or  im})ossible,  to  demonstrate  any 
direct  naked-eye  connexion  between  the  oesophageal  muscular  fibres  and  those  of  the  diapliragm. 

The  anterior  or  right  boundary  of  the  oesophageal  orifice,  formed  of  filires  derived  from  l)oth 
crura  of  the  diapliragm,  is  strongly  develo2)ed  and  prominent,  and  usually  lies  in  the  oesojjhageal 
groove,  on  the  back  of  the  left  lolje  of  the  liver,  which  groove  is  rarely  due  to  the  pressure  of  the 
oesophagus  alone. 

The  abdominal  portion  of  the  ce.soi)hagus  is  very  short,  for  immediately  after  piercing  the 
diaphragm  the  tube  expands  into  the  stomach.  However,  when  the  empty  stomach  is  drawn 
foi'cibly  downwards,  a  jjortion  of  the  front  and  left  side  of  the  tulie,  about  half  an  inch  in  lengtli 
(1  to  1-5  cm.),  is  .seen,  to  which  the  above  term  is  api)lied.  This  part  is  covered  with  peritotieiiiii, 
(k-rived  IVom  the  great  .sac  in  front  and  on  the  lef'l,  whilst  its  right  and  posterior  surfaces  are 
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uncovered.  It  is  generally  described  as  lying  against  the  oesophageal  groove  and  the  left  lateral 
ligament  of  the  li-\'er  in  front,  but  it  never  actually  conies  in  contact  witli  the  latter  of  these 
structures,  which  is  attached  to  the  ujjper  surface  of  the  left  lobe  of  the  liver  by  one  edge,  and 
to  the  diaphragm,  over  an  inch  in  front  of  the  tt!S0i)hagus,  by  the  other.  As  regards  the  former, 
the  oesophageal  groove  of  the  liver  is  generally  occujiied  by  the  prominent  right  margin  of  the 
oesophageal  orifice  of  the  diaphragm,  and  occasionally  by  the  oesophagus  as  well.  Possibly  this 
margin  is  so  strongly  developed  and  so  prominent  in  order  that  it  may  bear  the  pressure  of  the 
liver  olf  the  gullet,  \\'hich  otherwise  would  be  interfered  with  in  its  dilatation  during  the  passage 
of  food. 

When  the  stomach  is  fully  distended  the  abdominal  part  of  the  oesophagus  almost  disappears, 
Ijeing  absorbed  into  the  stomach  in  its  distension.  Indeed,  it  is  possible  that  it  is  in  most 
cases  an  artificial  production,  due  to  the  traction  on  the  empty  stomach  (generally  necessary  to 
demonstrate  it)  pulling  a  part  of  the  oesophagus  from  its  lax  diaphragmatic  moorings  do^^•n 
into  the  al)doniinal  cavity. 

Variations. — The  chief  anomalies  found  in  the  oesophagus  are  :  (1)  Annular  or  tubular  con- 
strictions ;  (2)  diverticula,  of  which  the  most  interesting — known  as  "  pressure  pouches " — are 
usually  situated  on  the  posterior  wall  close  to  its  junction  with  the  jiharynx,  and  these  some- 
times require  surgical  interference ;  (3)  doubling  in  jiart  of  its  course  ;  and  (4)  communications 
between  the  trachea  and  ocsojihagus. 

Structure  of  the  CEsophagus  (Fig-  669). — The  oesophageal  wall  is  composed  of 
thre(!  proper  coats — (1)  muscular,  (2)  sul)mucous,  and  (.3)  raucous.  In  addition,  it  is  sur- 
rounded by  an  outer  covering  of  areolar  tissue  (tunica 
adventitia),  by  which  it  is  loosely  connected  to  the 
various  structures  related  to  it  in  its  course.  This 
loose  covering  permits  of  its  free  movement  and  of  its 
increase  in  size,  or  of  its  diminution,  during  the  act 
of  swallowing. 

The  muscular  coat  (tunica  muscularis)  is  composed 
of  two  layers — an  outer  of  longitudinal,  and  an  inner 
of  circular  fibres.  The  longitudinal  layer  is  highly 
developed,  and,  unlike  the  condition  usually  found 
in  the  digestive  tube,  it  is  as  stout  as,  or  in  jJ^aces 
stouter  than,  the  circular  layer.  Its  fibres  form  along 
the  greater  length  of  the  tube  an  even  covering  out- 
side the  circular  layer,  and  below  they  are  continued 
into  the  longitudinal  fibres  of  the  stomach.  Above, 
near  the  upper  end  of  the  oesophagus,  the  longitudinal 
fibres  of  each  side,  separating  at  the  back,  pass  round 
towards  the  anterior  aspect,  and  form  two  longitudinal 
bands  (Fig.  667),  which  run  uj)  on  the  front  of  the  tube, 
and  are  attached  by  a  tendinous  band  to  the  upper  part 
of  the  back  of  the  cricoid  cartilage  (Fig.  668). 

The  circular  muscular  fibres,  though  not  forming 
such  a  thick  layer  as  the  longitudinal  fibres,  are  never- 
theless well  developed.  Below  they  are  continued  into 
both  the  circular  and  oblique  fibres  of  the  stomach. 
Above  they  pass  into  the  lower  fibres  of  the  inferior 
constrictor  of  the  pharynx. 

The  muscular  fibres  are  entirely  of  the  striated 
variety  at  the  upper  end  of  the  cesophagus.  Soon 
unstriped  fibres  begin  to  appear,  increasing  in  number 
as  we  descend.  In  the  lower  half  or  two-thirds,  only 
unstriped  muscle  is  found. 

The  longitudinal  fibres  for  about  the  upper  fifth  of 
the  tube  are  entirely  striped  ;  in  the  second  fifth  striped  and  unstriped  are  mixed  ;  whilst 
in  the  lower  three-fifths  unstriped  fibi'es  alone  are  present.  The  circular  fibres  are 
entirely  striated  for  the  first  inch ;  after  this  unstriped  fibres  appear ;  and  in  the  lower 
two-thirds,  only  unstriped  muscles  are  found  (D.  J.  Coffey). 

The  longitudinal  filDres  are  often  joined  by  slips  of  inistriped  muscle,  or  elastic  fibres, 
which  spring  from  various  sources,  including  the  left  pleura  (constant,  Cunningham),  the 
bronchi,  back  of  trachea,  pericardium,  aorta,  etc.  These  slips  assist  in  fixing  the  oesophagus 
to  the  surrounding  structures  in  its  passage  through  the  thorax,  and  have  been  aptly 
compared  to  the  tendrils  of  a  climbing  plant  (Treitz). 

The  submucous  coat,  composed  of  areolar  tissue,  is  of  very  consideralile  thickness,  in 
order  to  allow  of  the  expansion  of  the  tube  during  swallowing.    It  connects  the  mucous 
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Pig.  667.  —  Dissection  to  show  the 
arrangement  of  the  muscular  fibres 
on  the  back  of  the  oesophagus  and 
pharynx.  Traced  upwards,  the  lon- 
gitudinal muscular  fibres  of  the 
cesophagus  are  seen  to  separate 
behind  ;  passing  round  to  the  sides, 
they  form  two  longitudinal  bands 
which  meet  in  front  above,  and  are 
united  to  the  cricoid  cartilage,  as 
shown  in  the  next  figure. 
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membrane  loosely  to  the  muscular  coat,  and  admits  of  the  former  being  thrown  into  folds 
when  empty.  In  this  coat  are  contained  the  numerous  racemose  mucous  glands  which  open 
into  the  cavity  of  the  oesophagus  (Fig.  669). 

The  mucous  membrane  is  of  a  greyish  pink  colour,  much  paler  than  that  of  the 

pharynx,  and  of  a  firm  and  resistant  texture. 
It  is  covered  by  a  thick  stratified,  squamous 
epithelium,  on  the  surface  of  which  tiie  open- 
ings of  numerous  glands  are  found.  Below, 
its  junction  with  the  gastric  mucous  membrane 
is  indicated  by  a  distinct,  irregularly  dentated 
or  crenated  line,  which  runs  transversely  round 
the  tube.  In  carefully  preserved  specimens  the 
smooth  mucous  membrane  of  the  oesophagus 
above  this  line  contrasts  strongly  with  the 
mammillated  gastric  mucous  membrane  below. 

Owing  to  the  inelasticity  of  this  coat,  and 
the  fact  that  it  is  but  loosely  connected  to 
the  muscular  coat  by  the  submucosa,  it  is 
thrown  into  a  series  of  longitudiual  folds 
when  the  oesophagus  is  empty  and  contracted; 
hence  the  stellate  lumen  often  seen  in  sections 
of  the  gullet. 

Glands.  —  Numerous  racemose  mucous 
glands,  large  enough  to  be  distinctly  seen 
with  the  naked  eye,  are  found  in  the  sub- 
nuicosa.  They  are  pretty  evenly  distributed 
over  the  whole  tube,  and  do  not  appear 
to  be  more  numerous  towards  either  end 
(Coffey).  In  addition  to  these,  other  glands, 
resembling  closely  those  of  the  cardiac  end 
of  the  stomach,  are  found  in  the  umcous 
membrane  of  certain  portions  of  the  oeso- 
phagus. They  are  entirely  confined  to  the 
mucosa,  and  do  not  extend  beyond  the  muscularis  mucosae.  These  glands  are 
specially  numerous  at  both  the  upper  and  lower  ends  of  the  tube  (Coffey,  Schafer). 

Vessels  and  Nerves.  —Its  arteries  consist  of 
numerous  small  branches  derived,  in  the  neck, 
from  the  inferior  thyroid,  in  the  thorax,  from 
the  hronchial  arteries  and  thoracic  aorta,  and  in 
tile  abdomen,  from  tlie  coronary  artery  of  the 
stomacli,  and  also  from  the  left  plirenic. 

The  veins  form  a  plexus  on  the  exterior  of 
the  ossopliagus,  from  which  brunches  pass,  in  the 
lower  part  of  the  tulje,  to  the  coronary,  vein  of 
the  stomach,  and,  higher  up,  to  the  azygos,  and 
thyroid  veins.  Tliere  is  thus  established  on  the 
low^er  part  of  the  cESophagus  a  free  comnumica- 
tion  between  the  portal  and  systemic  veins. 

The  lymphatics  jiass  to  the  inferior  set  of  deep 
cervical  glands  in  the  neck,  and  to  the  posterior 
mediastinal  glands,  many  of  which,  of  large  size, 
are  seen  aroiuid  the  tube,  in  the  thorax. 

The  nerves  are  derived  from  the  recurrent 
laryngeal,  and  from  the  cervical  sympathetic  in 
the  neuk,  from  the  pneumogastrics  and  sym- 
pathetic in  the  thorax. 


Development  of  the  CEsophagus. 

The  oesophagus  is  developed  from  the 
portion  of  the  foregut  lying  between  the 
pharynx  and  the  dilatation  which  represents 
the  future  stomach.  At  first,  owing  to  the 
Hexure  of  the  head  on  the  trunk  in  the  early  embryo,  it  is  relatively  short,  but,  as  the 
neck  is  developed,  it  gradually  becomes  elongated  and  cylindrical. 


Loiigituiliiial  bands 

668. — Thr  Lower  Part  of  the  Pharynx 
AND  THE  Upper  Part  of  the  CEsophaous 
have  been  slit  up  from  behind,  and  the  mucous 
membrane  removed  to  show  the  nmscular  fibres. 
Tlie  two  louffitudinal  bands  are  seen  coming 
round  to  the  front  to  be  attached  by  a  common 
tendon  to  the  upper  border  of  the  cricoid  car- 
tihige.    See  explanation  of  last  figure. 
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669. — Stkuctuhu  of  thk  ffisopHACUTs 
transverse  section  (after  Hoi-sley). 
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The  superficial  epithelial  cells  are  ciliated  and  somewhat  cylindrical  between  tlie 
fourth  and  eighth  months  of  foetal  life  (Neumann) ;  subsequently  tlie  adult  condition  is 
established. 

THE  ABDOMINAL  CAVITY. 

As  the  remaining  parts  of  the  digestive  system  lie  within  the  abdomen  it  will 
be  necessary  to  describe  that  cavify  as  a  whole,  and  to  refer  briefly  to  its  lining- 
membrane — the  peritoneum — before  passing  on  to  the  consideration  of  the  viscera 
which  are  contained  within  it. 

Tlie  abdomen  is  that  portion  of  the  cavity  of  the  trunk  which  lies  below  the 
diaphragm.  It  is  the  largest  of  all  the  cavities  of  the  body,  and  contains  the 
greater  part  of  the  digestive,  urinary,  and  generative  systems  of  organs,  in  addition 
to  numerous  vessels,  nerves,  and  other  structures.  ■ 

Shape. — In  general,  the  abdominal  cavity  is  of  a  somewhat  oval  form,  witli  tlie 
long  axis  d.irected  vertically,  and  the  wide  end  upwards.  It  is  strongly  flattened 
from  before  backwards,  and  is  encroached  upon  in  the  middle  line  posteriorly  by 
the  projection  forwards  of  the  vertebral  column,  on  each  side  of  wliicli  it  presents 
the  appearance  of  a  deep  wide  groove. 

Boundaries. — The  cavity  is  limited  above  by  the  concave  vault  of  the  diaphragm, 
which  is  dome-shaped  and  divided  into  a  right  and  a  left  cupola  by  an  interven- 
ing depression.  Into  the  right  cupola  fits  the  greater  part  of  the  liver ;  in  the  left 
lie  the  stomach  and  spleen.  On  the  upper  surface  of  each  cupola  is  placed  the  base 
of  the  corresponding  lung,  whilst  between  them,  on  the  depression,  rests  the  under 
surface  of  the  lieart. 

During  expiration,  the  right  cupola  ascends  almost  to  the  level  of  the  right 
nipple ;  it  is  highest  at  a  point  about  one  inch  internal  to  the  nipple  line,  and  here 
it  reaches  the  upper  border  of  the  fifth  rib,  or  even  the  middle  of  the  fourth  inter- 
costal space.  On  the  left  side  it  is  one-half  to  one  inch  (12-25  mm.)  lower,  and 
in  the  middle  line  it  crosses  the  inferior  extremity  of  the  gladiolus  about  the 
level  of  the  sixth  rib  cartilage. 

Below,  the  cavity  is  limited  by  the  pelvic  floor,  formed  by  the  levatores  ani, 
and  coccygei  muscles,  covered  on  their  upper  surface  by  the  pelvic  fascia.  The 
anterior  wall  is  formed  by  the  aponeuroses  of  the  three  flat  abdominal  muscles, 
together  with  the  two  recti,  which  latter  constitute  powerful  braces  for  the 
waU,  on  each  side  of  the  middle  line.  Tlie  lateral  walls  are  formed  by  the  muscular 
portions  of  the  obliqui  and  transversales  muscles,  and  by  the  iliac  bones  with  the 
iliacus  muscles  below. 

Finally,  the  cavity  is  limited  behind  by  the  lumbar  portion  of  the  vertebral 
column  with  the  psoas  muscle  on  each  side,  and  the  quadratus  luuiborum  stiU  further 
out.    The  iliac  bones  also  take  part  in  the  formation  of  tlie  posterior  wall  iuferiorly. 

The  upper  portion  of  the  cavity  lies  under  cover  of  the  ribs,  which  aftbrd  con- 
siderable protection  to  this  part  of  the  abdomen,  particularly  at  the  sides  and 
behind,  in  which  latter  position  the  cavity  is  further  protected  by  the  vertebral 
column.  Anteriorly,  on  the  other  hand,  the  ribs  are  wanting  below  the  sternum, 
and  here,  the  abdominal  wall  is  formed  only  of  aponeuroses  and  muscles.  But  even 
at  the  sides  and  back  there  is  a  considerable  zone,  usually  one  to  two  inches  wide 
(Cunningham),  between  the  lower  ribs  above  and  the  crest  of  the  ihum  below, 
which  has  no  bony  support  except  that  afforded  by  the  vertebral  column. 

Whilst  the  circumference  of  the  diaphragm  is  attached  to  the  lower  part  of 
the  thoracic  framework  in  front  and  at  the  sides,  and  to  the  lumbar  vertebrae 
behind,  the  central  portion  of  the  dome,  on  the  other  hand,  namely,  the  central 
tendon,  is  placed  high  up,  under  cover  of  the  ribs,  and  in  a  more  or  less  horizontal 
plane.  As  a  result-,  the  peripheral  muscular  part  slopes  almost  vertically  upwards 
from  the  circumference  of  the  thoracic  framework  to  the  central  tendon,  and  lies 
for  a  considerable  distance  in  contact  with  the  deep  surface  of  the  ribs ;  thus  the 
diaphragm  comes  to  form,  not  only  the  roof  of  the  cavity,  but  it  also  enters  into 
the  formation  of  the  lateral,  posterior,  and,  to  a  less  extent,  of  the  anterior  walls ; 
and  almost  as  much  of  the  cavity  of  the  abdomen  as  of  the  thorax  lies  under 
cover  of  the  ribs. 
63 
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Owing  to  the  fact  that  the  boundaries  of  the  abdomen  are  formed  chiefly  of 
muscles,  it  follows  that  its  walls  are  capable  of  contraction  to  a  greater  or  less 
degree,  and  the  size  of  the  cavity  can  consequently  be  altered  in  all  directions.  Its 
chief  changes  in  form,  however,  are  due  to  the  descent  or  elevation  of  the  diaphragm, 
the  contraction  or  relaxation  of  the  anterior  and  lateral  walls,  and  the  raising  or 
lowering  of  the  pelvic  floor. 

Within  the  muscles  forming  its  walls,  the  abdomen  is  lined  l)y  fasciae,  which 
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Fifi.  670. — The  Abdominal  Viscera  is  Situ,  as  .seen  when  the  abdomen  i.s  laid  open  ami  tlie  great  oinentmn 
removed  (drawn  to  scale  iVoni  a  photograph  of  a  male  body  aged  56,  hardened  by  formalin  injections). 

Tlie  ribs  on  the  right  side  are  indicated  by  Roman  nnmerals  ;  it  will  be  observed  that  the  eighth  costal  cartilage 
articulated  with  the  sternum  on  both  sides.  The  subcostal,  intertubercular,  and  right  and  left  Poupart_ 
lines  are  drawn  in  black,  and  the  mesial  plane  is  indicated  by  a  dotted  line.  The  intercostal  ninscles  and 
part  of  the  diaphragm  have  been  removed,  to  show  the  liver  and  stomach  extending  np  beneath  the  ribs. 
The  stomach  is  moderately  distended,  and  the  intestines  are  particularly  regular  in  their  arrangement. 

separate  the  muscles  from  the  extraperitoneal  connective  tissue  and  peritoneum. 
These  fasciae  are — (1)  the  transversaiis  fascia  o;i  the  anterior  and  lateral  walls, 
lining  the  deep  surface  of  the  transversaiis  muscle  and  continuous  above  with  the 
fascia  clothing  the  under  surface  of  the  diaphragm ;  (2)  the  iliac  fascia  on  the 
posterior  wall,  covering  the  psoas  and  iliacus  muscles ;  (3)  the  anterior  layer  ot  the 
lumbar  aponeurosis,  also  on  the  posterior  wall  co\-ering  the  front  of  the  quadratus 
lumborum ;  and  (4)  the  felvic  fascia,  lining  the  pelvis. 

Apertures. — Certain  apertures  are  found  in  the  walls  of  the  abdomen,  some  ot 
which  lead  to  a  weakening  of  the  parietes.    These  are :  the  three  openings  in  the 
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diaphragm  for  the  passage  of  the  inferior  vena  cava,  the  cesophagus,  and  the  aorta 
respectively ;  the  apertures  in  the  pelvic  floor,  through  which  the  rectum,  the 
urethra,  and  '  the  vagina  in  the  female,  reach  the  surface  ;  the  inguinal  canal, 
through  which  the  spermatic  cord  (or  round  ligament)  passes,  in  leaving  the 
al)tlominal  cavity;  and  lastly,  the  crural  canal,  a  small  passage  which  runs  down 
from  the  al)domen  along  the  inner  side  of  the  femoral  vessels.  The  two  latter  con- 
stitute on  eacli  side  two  weak  points  in  the  ahdomiual  wall,  through  which  a  piece 
of  intestine  occasionally  makes  its  way,  giving  rise  to  inguinal  or  femoral  hernia 
respectively. 

Extraperitoneal  (jr  Subperitoneal  Connective  Tissue  (tela  subserosa). — Between 
tlie  fasciie  which  cover  the  deep  surfaces  of  the  a1)dominal  muscles,  and  the  peri- 
toneum which  lines  the  cavity,  tliere  is  found  a  considerable  quantity  of  connective 
tissue,  generally  more  or  less  loaded  with  fat,  which  is  kn(jwn  as  the  extraperitoneal 
or  sul)peritoueal'  connective  tissue.  This  is  part  of  an  extensive  fascial  system, 
which  lines  the  whole  of  the  Ijody  cavity,  outside  its  various  serous  sacs,  and  is 
continued  on  the  several  vessels,  nerves,  and  other  structures  which  pass  from  these 
cavities  into  the  limbs  and  neck. 

In  the  aI)domen  it  is  divisible  into  a  parietal  and  a  visceral  portion,  l)oth  com- 
posed of  loose  connective  tissue.  The  former  lines  the  cavity,  whils^.  the  latter 
passes  forwards  Ijetween  the  mesenteries  and  other  peritoneal  folds  to  the  viscera. 
These  two  portions  of  the  extraperitijneal  tissue  are  perfectly  continuous  with  one 
another,  and  contain  in  their  whole  extent  a  vascular  plexus,  through  which  a  com- 
munication is  established  between  the  vessels  of  the  alidominal  wall,  on  the  one 
hand,  and  those  of  the  contained  viscera  on  the  other. 

The  parietcd  2)ortiun  is  thin  and  comparatively  free  from  fat  over  the  roof  and 
anterior  wall  of  the  abdomen,  and  here  the  peritoneum  is  more  lirmly  attached 
than  where  the  tissue  is  fatty  and  large  in  amount.  In  the  pelvis,  on  the  other 
hand,  the  tissue  is  loose  and  fatty,  and,  as  such,  it  is  continued  up  for  some  inches 
on  the  anterior  abdominal  wall  above  the  pul)es,  to  permit  of  the  ascent  of  the 
I)ladder  during  its  distension,  and  the  attendant  stripping  of  the  peritoneum  off  this 
p(jrtion  of  the  anterior  al)dominal  wall.  Here  also  the  iirachus  and  the  obliterated 
hypogastric  arteries  will  he  found  passing  up  in  its  substance.  On  the  posterior 
wall  the  tissue  is  large  in  amount  and  fatty,  particularly  where  it  surrounds  the 
great  vessels  and  kidneys. 

From  this  latter  portion  especially,  the  visceral  expansions  are  derived  in  the 
form  of  prolongations  around  the  various  branches  of  the  aorta.  These  expansions 
are  connected  with  the  areolar  coats  of  the  l^lood- vessels  and  are  conducted  by 
them  into  the  mesenteries  and  other  folds  of  the  peritoneum,  and  thus  reach  the 
viscera. 

The  chief  uses  of  this  tissue  are  :  (1)  to  unite  the  layers  of  the  abdominal  wall  to- 
gether;  (2)  to  connect  the  viscera  to  these  walls  and  to  one  another  in  such  a  loose 
manner  that  their  distension  or  relaxation  may  not  be  interfered  with,  which 
would  not  be  the  case  if  tlie  connecting  medium  were  firm  or  rigid  ;  (3)  in  addition, 
it  is  a  storehouse  of  fat,  forms  sheaths  for  the  vessels  and  nerves,  and  estal:)lishes, 
through  its  vascular  plexus,  communication  Ijetween  the  parietal  vessels  and  those 
distributed  to  the  abdominal  viscera. 

Subdivision  of  the  Abdominal  Cavity. 

The  abdomen  is  divided  naturally  hj  the  pelvic  brim  into  two  parts,  the 
abdomen  proper,  and  the  cavity  of  the  pelvis.  The  former  of  these  is  further  sub- 
divided, arlijiciallij,  into  nine  regions. 

The  pelvic  brim  (Figs.  158  and  159,  p.  214),  which  separates  the  two  natural 
divisions  of  tlie  cavity,  is  formed  behind  l)y  the  Ijase  of  the  sacrum,  at  the  sides  by 
the  iliopectineal  lines,  and  in  front  l)y  the  pubic  crests.  In  the  erect  position  it 
usually  makes  an  angle  of  about  55  to  60  degrees  with  the  horizontal.  The  two 
portions  of  the  abdominal  cavity  which  the  brim  separates  meet  at  an  angle,  the 
abdomen  proper  running  almost  vertically  upwards  from  it,  whilst  the  pelvic 
cavity  slopes  backwards  and  downwards. 


99G 


THE  DIGESTIVE  SYSTEM. 


The  pelvic  cavity  is  bounded  ill  front  and  at  the  sides  by  the  portions  of  the  in- 
nominate bones  below  the  level  of  the  iliopectiiieal  lines.  These  bony  walls  arc  partly 
clothed,  in  front  and  laterally,  by  the  obturator  internus  muscles,  and  internal  to  these 
by  the  parietal  portion  of  the  pelvic  fascia,  as  low  down  as  the  white  line.    The  posterior 
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Fig.  671. — The  Fuont  of  the  Body,  showing  the  subdivisions  of  the  abdominal  cavity  and  the  position  ot 
the  chief  viscera.  (From  a  photograph  of  the  body  represented  in  tlie  preceding  figure.)  The  viscera  in 
Fig.  670  have  been  traced  in  red  on  tliis  figure.  The  photographs  for  these  two  figures  and  for  Fig.  675 
were  taken  ft-om  the  same  body,  under  precisely  similar  conditions  ;  consequently  the  relations  of  the 
deeper  parts  to  tlie  surface  are  correctly  obtained  by  superimposing  the  pictures  as  in  this  illustration. 
Tlie  liver  occupies  a  slightly  lower  position  than  u.sual. 

wall  is  formed  by  the  front  of  the  sacrum,  covered  on  each  side  by  the  pyriformis 
muscle.  This  wall  (as  represented  by  the  pyriformis  muscles)  meets  the  lateral  wall 
at  the  anterior  border  of  the  great  sciatic  foramen  ;  through  this  foramen  the  pyriformis 
passes  out,  thus  closing  up  what  would  otherwise  be  a  large  aperture  in  the  ])arietes  of 
the  cavity.  The  floor  is  composed  of  the  two  pairs  of  muscles  which  form  the  pelvic 
diaphragm,  namely,  the  levatores  ani  and  coccygei — covered  by  the  visceral  layer  of  the 
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pelvic  fascia.  These  muscles  pass  on  each  side,  from  the  lateral  wall  of  the  pelvis,  down- 
wards and  inwards  towards  the  middle  line,  and  present  a  concave  upper  surface  towards 
the  pelvic  cavity. 

Subdivision  of  the  Abdomen  Proper. — Owing  to  the  large  size  of  the  cavity, 
and  in  order  to  localise  more  correctly  the  position  of  the  various  organs  contained 
within  it,  the  abdomen  proper  is  artificially  subdivided  by  two  horizontal  and  two 
vertical  lines  (Fig.  671)  drawn  on  its  anterior  wall.  Erom  these  lines  imaginary 
planes  are  supposed  to  be  continued  backwards,  which  divide  up  the  cavity  into 
nine  regions. 

Of  the  two  horizontal  lines,  one  is  drawn  around  the  trunk  at  the  level  of  the 
lower  border  of  the  tenth  costal  cartilage ;  this  is  known  as  the  subcostal  line, 
and  the  imaginary  plane  corresponding  to  it,  as  the  subcostal  plane.  The 
second  horizontal  line  is  drawn  at  the  level  of  the  highest  point  of  each  iliac  crest, 
visible  from  the  front ;  this  point  corresponds  to  the  tubercle  seen  on  the  outer  lip 
of  the  crest,  about  two  inches  behind  the  anterior  superior  spine,  and  can  be  easily 
located ;  the  line  and  plane  are  consequently  known  as  the  intertubercular  line  and 
plane  respectively. 

The  vertical  lines  are  drawn,  one  on  each  side,  perpendicularly  upwards  from  a 
point  on  Poupart's  ligament  midway  between  the  anterior  superior  spine  and  the 
symphysis  pubis.  These  lines  and  the  corresponding  planes  are  known  as  the 
Poupart  lines  and  planes  respectively. 

By  the  two  horizontal  lines  the  abdomen  is  divided  into  three  zones,  an  upper 
or  costal,  a  middle  or  umbilical,  and  a  lower  or  hypogastric  zone.  By  the  two 
perpendicular  lines  each  of  these  is  subdivided  into  three  parts,  a  central  and  two 
lateral.  Thus,  in  the  upper  zone,  we  get  a  hypochondriac  region  or  hypochondrium 
on  each  side,  and  an  epigastric  region  or  epigastrium  in  the  centre.  Similarly,  the 
umbilical  zone  is  divided  into  right  and  left  lumbar  regions,  with  an  umbilical  region 
between.  And  the  hypogastric  zone  has  a  hypogastric  region  or  hypogastrium  in  the 
centre,  with  right  and  left  iliac  regions  at  the  sides. 

In  addition,  the  portion  of  the  abdominal  wall  above  the  pubis  is  known  as  the 
piihic  region,  and  that  immediately  above  Poupart's  ligaments,  as  the  inguinal 
region. 

The  three  central  divisions,  namely,  the  epigastric,  umbilical,  and  hypogastric 
regions,  can  conveniently  be  further  subdivided  by  the  mesial  plane,  passing  through 
the  middle  of  the  body,  into  right  and  left  halves. 

The  upper  horizontal,  or  subcostal,  plaiie  passes  behind,  tlirougli  the  upper  part  of  the  third 
hnnbar  vertebra,  or  tlie  disc  between  the  second  and  third  lumbar  vertebrre.  Tlie  intertubercular 
plane  cuts  through  the  middle  or  upper  part  of  the  fifth  lumbar  vertebra. 

The  lower  margin  of  tlie  tenth  costal  cartilage  frequently  corresponds  to  the  most  dependent 
part  of  the  thoracic  framework.  Often,  however,  the  eleventh  costal  cartilage  descends  j  to  ^ 
inch  lower.  Nevertheless,  the  tenth  cartilage  is  selected  in  drawing  the  subcostal  jjlane,  for  two 
chief  reasons,  namely,  it  is  visible  from  the  front  as  a  rule,  and  it  is  comparatively  fixed,  whilst 
the  eleventh  J  being  a  floating  rib,  is  much  more  movable,  is  varialile  in  length,  and  more 
ditticult  to  locate. 

Contents  of  the  Abdomen. — The  following  structures  are  found  within  the 
abdominal  cavity : — 

1.  The  greater  part  of  the  alimentary  canal,  viz.  stomach,  small  intestine,  and  large  intestine. 

2.  Digestive  glands :  the  liver  and  pancreas. 

3.  Ductless  glands :  the  spleen  and  the  two  suprarenal  bodies. 

4.  Urinary  apjjaratus :  the  kidneys,  ureters,  bladder,  and  part  of  urethra. 

5.  The  internal  generative  organs  according  to  the  sex. 

6.  Blood  and  lymph  vessels,  and  lymphatic  glands. 

7.  Tlie  abdominal  portion  of  the  cerebro-spinal  and  sympathetic  nervous  systems. 

8.  Certain /aiaZ  remains. 

9.  The  peritoneum — the  serous  membrane  which  lines  tlie  cavity,  and  is  reflected  over  most  of 
its  contained  viscera. 

■  THE  PERITONEUM. 

The  arrangement  of  the  peritoneum  is  so  complicated,  anil  its  relations  to  the 
abdominal  contents  so  intricate  and  detailed,  that  it  will  be  expedient  to  postpone 
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its  complete  description  until  the  various  organs,  with  their  special  peritoneal 
relations,  have  l)een  separately  considered.  Nevertheless,  it  will  he  necessary  to 
give  here  a  general  account  of  the  disposition  of  the  memhrane,  and  to  refer  to 
the  three  varieties  of  folds  which  it  forms  in  passing  from  organ  to  organ,  or  from 
these  to  the  abdominal  wall. 

The  peritoneum  (tunica  serosa)  is  tlie  serous  sac  which  lines  tlie  al)doniin;il 
cavity  and  invests  most  of  the  ahdominal  viscera,  to  a  greater  or  less  degree.  Like 
the  pleurje,  the  tunica  vaginalis  of  tlie  testicle,  and  other  serous  sacs,  its  walls  are 
composed  of  a  thin  layer  of  fil)r(>us  tissue,  containing  numei'ous  elastic  fibres,  and 
covered  over  on  the  side  turned  towards  the  cavity  of  the  sac  by  flattened 
endothelial  cells.  Like  tliem,  too,  the  peiitoneum  in  the  male  is  a  completely 
closed  bag,  but  in  the  female  this  is  not  the  case,  for  the  abdominal  end  of  each 
Fallopian  tube  opens  into  the  sac,  whilst  the  other  end  of  that  tul)e  communicates 
with  the  uterus,  and  thus,  indirectly,  witli  the  exterior.  Normally  the  memljrane 
secretes  only  sufficient  moisture  to  lubricate  its  surface,  otherwise  the  sac  is 
perfectly  empty,  and  its  opposing  walls  lie  in  contact,  thus  practically  obliterating 
its  cavity. 

Tlie  use  of  these  lu])ricated  and  highly  polished  serous  linings,  found  in  the 
aljdomen  and  certain  other  cavities,  is  to  I'acilitate,  ami  render,  as  far  as  possil)le, 
frictionless,  the  luovements  of  tlie  contained  viscera  during  any  changes  in  size  or 

form  which  they  or  their  con- 
taining cavity  may  undergo.  As 
a  result  of  this  arrangement,  not- 
withstanding the  tonic  pressure 
of  the  abdominal  wall  on  its 
contents,  the  stoma,ch  and  in- 
testines are  free  to  move  with 
the  greatest  ease  and  the  least 
friction,  when  any  change  takes 
place  either  in  the  organs  them- 
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The  peritoneum  is  a  thin 
glistening  membrane,  which  may 
aptly  be  compared  to  a  coat  of 
varnish  applied  to  the  inner  aspect 
of  the  abdominal  walls,  and  to  the 
surface  of  the  contained  viscera, 
except  where  these  are  directly  ap- 
plied to  the  walls  or  to  one  another. 
It  forms  thnnighout  its  entire 
extent  a  continuous  and  distinct 
sheet,  but  it  is  united  so  inti- 
mately to  the  viscera,  and  follows 
the  irregularities  of  their  walls  sf) 
closely,  that  it  api)ears  at  first 
sight  to  be  a  su})erficial  layer  of 
these  walls,  rather  than  a  separate 
membrane.  Outside  the  ])eri- 
toneuni  lies  tlie  sul)peritoneal  con- 
nective tissue — already  described 
— whicli  connects  it  more  or  less 
intimately  to  the  fascial  lining  of 
the  abdominal  walls,  and  to  the 
abdominal  viscera. 

If  we  trace  tlie  peritoneum  as  a  continuous  layer,  ,  eginniug  in  front  we  find 
that  it  lines  the  dee])  surface  of  the  anterior  abdominal  wall,  and  is  continued 
upwards  to  the  under  surface  of  the  diaphragm  (Fig.  672),  the  greater  portion 
of  whicli  it  covers.  From  the  })osterior  part  of  tlie  diaphragm  it  is  reflected  or 
carried  forwards  on  to  the  upper  surface  of  the  liver,  and  tlien  down  over  the 


672. — IJIACHAMMATIC  MksIAL  SfX'TION  OK  FeMALK  BoUY. 

to  show  the  iH^rit.oneuni  on  vertical  tracing.  Tlie  great  sac 
of  the  jjeritoneum  is  black  and  i.s  represented  as  being 
niucli  larger  than  in  natni'e  ;  the  small  .sac  is  very  darkly 
sliaded  ;  tlie  peritoneniii  on  section  is  .shown  as  a  white 
line  :  and  a  white  arrow  is  passed  through  the  foramen  of 
Winslow  from  the  great,  into  the  small  .sac. 
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stomach,  intestines,  and  ntlier  alxloniinal  viscera — clothing  them  all — to  the  pelvis. 
Tn  like  manner,  when  traced  laterally  from  the  anterior  wall,  the  membrane  will  be 
found  to  line  the  sides  of  the  cavity,  and  passing  backwards  to  clothe  the  posterior 
al)dominaI  wall,  and  the  viscera  lying  upon  it  (Fig.  673,  B).  It  should  l)e  pointed  out 
that  all  the  abdominal  viscera  are  either  directly  fixed  by  connective  tissue  to  the 
posterior  abdominal  wall,  or  suspended  by  blood-vessels  from  it.  In  the  former  case 
the  peritoneum  is  re- 
flected directly  from 
the  wall  on  to  the 
viscera  ;  in  the  latter 
it  runs  along  the 
blood-vessels  to  reach 
the  viscera,  which  it 
clothes,  and  then  re- 
turns to  the  wall  on 
the  opposite  sides  of 
the  vessels,  which  it 
thus  encloses  in  a 
fold. 

Whilst  the  main 
sac  of  the  peritoneum 
lies  in  front  of  the 
various  abdominal 
viscera,  covering 
them  over  and  dip- 
ping down  between 
them,  it  should  l)e 
mentioned  that  there 
is  a  special  diverti- 
culum derived  from 
this  "  great  sac," 
which  turns  in  be- 
hind the  stomach, 
and  covers  its  pos- 
terior surface ;  this  is 
known  as  the  lesser 
or  smaller  sac,  and 
it  will  lie  descril)ed  in 
detail  later  on.  The 
aperture  through 
which  one  sac  com- 
municates with  the 
other  is  termed  the 

In  passing  from 
organ  to  organ,  or 
from  these  to  the 
abdominal  wall,  the 
peritoneum  forms 
numerous  folds,  whicli 
classes : — 

(a)  Omenta  are  folds  of  peritoneum  which  pass  from  the  stomach  to  other 
abdominal  organs.  They  are  three  in  number,  namely :  (1)  The  great  or  gastro- 
colic omentum,  which  hangs  down  like  an  apron  from  the  great  curvature  of 
the  stomach,  and  passes  to  the  transverse  colon,  connecting  this  latter,  very  loosely, 
however,  to  the  stomach ;  (2)  the  lesser  or  g astro -hepatic  omentum,  which  extends 
from  the  lesser  curvature  of  the  stomach  to  the  li^'er ;  and  (3)  the  gasfro-splenic 
omentum,  which  passes  from  the  stomach  to  the  spleen. 

(h)  Mesenteries  a.re  folds  of  peritoneum  which  unite  portions  of  the  intestine  to 


Ascending  colon 
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673.— Diagrammatic  Transverse  Sections  of  Abdomen,  to  .show  the 
peritoneum  on  transverse  tracing.  A,  at  level  of  foramen  of  Win,5low  : 
B,  lower  down.  In  A  note,  one  of  the  vasa  brevia  arteries  pa.ssing  to 
the  stomaph  between  the  layers  of  the  gastro-splenic  omentum,  and  also 
the  foramen  of  Winslow  leading  into  the  lesser  sac  which  lies  behind  the 
stomach. 

are  dividetl  according  to  their  connexions  into  three 
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Antrum  pylori 


tlie  posterior  abdominal  wall,  and  convey  to  them  their  vessels  and  nerves.  There 

are  several  mesenteries,  e.g.,  the 
mesentery  proper,  which  connects  the 
jejunum  and  ileum  to  the  posterior 
alidominal  wall,  tlie  transverse  meso- 
colon, the  pelvic  (or  "  sigmoid ") 
mesocolon,  and  occasionally  others. 

(c)  Ligaments  are  peritoneal  folds 
which  pass  between  abdominal 
viscera  other  than  portions  of  the 
digestive  tube,  or  connect  them  to 
the  abdominal  wall.  As  examples  of 
these  may  be  mentioned  most  of  the 
ligaments  of  the  liver,  the  so-called 
"false  ligaments"  of  the  bladder,  and 
the  broad  ligaments  of  the  uterus. 

This  term  is  also  applied  to  several 
small  folds  which  connect  portions  of 
the  intestinal  tube  to  the  parietes,  but 
do  not  convey  to  them  their  vessels 
and  nerves.  The  gastro -phrenic  and 
phreno-colic  ligaments  are  examples  of 
these. 

THE  STOMACH. 

The  stomach  (ventriculus)  is  the 
large  dilatation  found  on  the  diges- 
tive tube  immediately  after  it  enters 
the  abdomen  (Figs.  674  and  675).  It 
constitutes  a  receptacle,  in  which  the 
food  accumulates  after  its  passage 
through  the  oesophagus,  and  in  it 
take  place  some  of  the  earlier  pro- 
cesses of  digestion,  resulting  in  the 
conversion  of  the  food  into  a  viscid 
soup-like  mixture,  known  as  chyme. 
The  chyme  j.s  it  is  formed  is  allowed 
to  escape  intermittently  through  the 
pylorus,  into  the  small  intestine, 
where  the  digestive  processes  are 
continued. 

Although  the  form  of  the  stomach 
varies  considerably  under  different 
conditions,  in  general  it  is  of  an 
irregularly  pyriform  shape,  with  a 
wide  or  cardiac  end  directed  back- 
wards and  to  the  left,  and  a  narrow 
pyloric  end  which  runs  to  the  right 
to  join  the  duodenum.  In  addition 
to  (a)  its  tuio  ends,  the  stomach  pre- 
sents for  examination  the  following 
parts :  (h)  two  curvatures,  greater 
and  lesser,  separating  (c)  tuw  stirfaces, 
superior  and  inferior ;  and  (d)  two 
orifices,  the  oesophageal  orihce  or 
cardia,  and  the  pyloric  orifice  '  or 
pylorus  (Fig.  674). 

Position  and  Form  of  the  Stomach. —  When  empty,  or  nearly  so,  the  stouiacli 
lies  in  the  left  hypochondrium  and  left  part  of  the  epigastrium,  with  its  wide  end 
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Fio.  674. — MoDEiiATELY  DisTKNDED  STOMACH,  viewed,  A, 
from  front ;  B,  from  iuuer  or  right  side  ;  and  C,  fiom 
the  outer  or  left  side.  (From  photographs  of  the 
stomach  shown  in  Figs.  670  and  675.  The  contents  of  the 
.stomach  were  carefully  removed  through  an  artificial 
opening,  and  I'eplaced  with  gelatine,  the  stomach  remain- 
ing w  sitii  tliroughont  the  ojieration.  After  the  jelly 
hardened,  its  exact  orientation  was  carefully  noted,  and 
pins  indicating  the  vertical,  horizontal,  and  transverse 
planes,  having  been  inserted,  the  organ  was  removed 
and  photographed.) 
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or  fundus  directed  backwards  towards  the  diaphragm,  its  long  axis  lying  almost 
in  a  horizontal  plane,  and  its  pyloric  portion  running  to  the  right  to  join  the 
duodenum.  In  this  state  the  whole  organ  is  narrow  and  attenuated,  particularly 
the  pyloric  portion,  which  is  contracted,  and  resembles  a  piece  of  thick-walled  small 
intestine. 

When  distended,  the  organ  assumes  the  form  of  an  irregular  pear,  and  both 
the  cardiac  and  pyloric  portions  become  full  and  rounded  (Fig.  674).  It  still  lies 
within  the  hypochondriac  and  epigastric  regions ;  but  in  extreme  distension,  or  in 
exceptional  cases,  it  may  pass  down  below  the  subcostal  plane  and  reach  into  the 
umbilical  and  left  lumbar  regions.  As  a  result  of  the  general  increase  in  length 
which  takes  place  during  distension,  the  pylorus  is  moved  a  variable  distance  to 
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Fig.  675. — The  Abdominal  Viscera  afteii  the  Removal  of  the  Jejunum  and  Ileum  (from  a  i)hotograph 
of  the  same  body  as  Fig.  670).  The  transverse  colon  is  much  more  regular  than  usual.  Both  the  liver 
and  ceeoum  extend  lower  down  than  normal.  The  subdivisions  of  the  abdominal  cavity  are  indicated 
by  dark  lines. 

the  right  beneath  the  quadrate  lobe  of  the  liver,  and  at  the  same  time  the  long 
axis  of  the  whole  organ  becomes  much  more  oblique,  running  forwards,  downwards, 
and  to  the  right.  Finally  there  is  developed  a  special  dilatation  of  the  pyloric 
portion,  known  as  the  antrum  pylori,  which  in  extreme  distension  is  carried  so  far 
to  the  right  that  it  may  even  reach  into  the  hypochondrium. 

In  brief,  it  may  be  said  that  the  stomach  when  empty  is  contracted,  not 
collapsed ;  that  it  assumes  a  narrow,  attenuated  shape,  its  cavity  being  practically 
obliterated,  and  its  pyloric  portion  contracted  to  the  size  of  small  intestine  ;  and  in 
addition,  that  its  long  axis  lies  in  an  almost  horizontal  plane.  With  distension 
there  comes  a  general  enlargement  of  the  various  diameters,  an  elongation  of  the 
whole  organ,  with  a  consequent  passage  of  its  pyloric  portion  to  the  right  beneath 
the  liver,  the  development  of  the  antrum  pylori,  and  an  inclination  of  its  axis  from 
behind  downwards  and  forwards,  without  any  rotation. 
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Natural  Form  of  the  Stomach. —As  seen  in  male  Lodies  tlie  viscera  of  which  have  been 
hardened  by  the  intravascular  injection  of  formalin,  the  empty  stomach,  as  already  stated,  presents 
an  attenuated  or  slender  jjear-sliaped  appearance,  and  is  sharply  bent  on  itself,  jjarticularly  at 
the  junction  of  the  cardiac  and  pyloric  portions.  As  a  I'ule  it  is  somewhat  flattened  from  above 
downwards  in  its  cardiac  portion,  but  preserves  in  its  whole  length,  more  or  less,  an  irregularly 
rounded  or  cjdindrical  form.  Its  long  axis  is  directed,  in  the  cardiac  portion,  from  behind 
forwards  and  to  the  right  with  a  slight  inclination  downwards ;  then  it  liends  almost  at  a  right 
angle,  and  in  the  pyloric  portion  runs  to  the  right  towards  the  pylorus. 

Even  in  the  empty  condition,  the  cardiac  jjortion  retains,  as  a  I'ule,  an  appearan<'e  of 
rotundity,  and  never  assumes  a  com])lete]y  collapsed  and  flattened  form  ;  although  it  sometimes 
is  very  much  contracted,  and  ajjproaches  the  tidndar  form  of  the  jjyloric  portion. 

The  collapsed,  flat-walled,  and  flaccid  bag,  often  pictured  as  the  empty  stomach,  does  not 
represent  its  true  condititin  during  life,  Imt  is  raflier  tlie  result  of  post-mortem  softening,  re- 
laxation, and  i^ressnre.  The  stomach,  like  the  bladder,  and  like  other  hollow  viscera  with 
muscular  walls,  is  not  an  inert  bag,  l)ut  an  extensile  living  organ  capable  of  expansion  and 
contraction,  which  adapts  the  size  of  its  cavity  to  the  amount  of  its  contents.  When  food  enters, 
it  expands,  the  expansion  being  proportitmate  to  the  aniount  of  food  that  enters ;  and  when  the 
food  passes  away  or  is  aljsorbed,  it  contracts,  until  its  cavity  is  reduced  to  little  more  than  a 
stellate  lumen. 

In  the  gradual  passage  of  the  stomacli  from  the  empty  to  the  distended  condition  we  may 
recognise  three  stages.  First  stage.. — This  commences  with  an  enlargement  of  the  fundus,  and  is 
followed  Ijy  an  expansion  of  the  whole  cardiac  portion,  which  passes  upwai'ds  and  also  to  the 
left  towai-ds  the  diaphragm,  displacing  the  coils  of  the  transverse  colon,  which  lie  here  when 
the  stomach  is  empty.  The  jiyloric  iiortion  for  3  or  4  inches  .still  remains  contracted  and 
cylindrical.  In  this  condition  the  stomach  is  frec]uently  found  after  deatli.  Seco7id  stage. — As 
distension  goes  on  the  lesser  curvature  o2)ens  out,  the  ])yloi'ic  poi'tion  (with  the  exception  of  its 
last  inch)  exi)ands,  Init  its  junction  M'ith  the  cardiac  portion  usually  remains  distinct,  until  disten- 
sion is  almost  complete.  Third  stage. — A  further  general  expan.sion  of  the  whole  stomach  takes 
place  ;  the  diameters  of  l)oth  cardiac  and  indoric  jiortions,  as  well  as  the  lengtli  of  tlie  organ,  are 
increased  ;  and  the  great  curvature  presses  forwards,  against' the  anterior  abdominal  wall  in  front, 
where  the  resti-aining  influence  of  the  ribs  is  absent.  Tlie  pyloric  end  foi'  about  1  inch  (2'5  cm.) 
from  the  j)y]orus  remains  narrow  (constituting  the  pyloric  canal  of  Jonnesco),  but  to  the  left  of 
this  it  l)ulges  forward,  forming  the  antrum  pylori,  which  is  most  distinct  at  tlie  great  curvature. 
By  the  increase  of  the  organ  in  length  the  antrum  is  carried  a  considerable  distance  to  the  right 
beneatli  the  liver — even  further  than  the  ])ylorns  itself — so  that  the  terminal  jjart  of  the  stomach 
is  bent  backwai'ds  and  to  the  left,  in  order  to  reach  the  ])ylorus,  which  latter  very  rarely  passes 
nK)re  tlian  one  and  a  half  or  two  inches  to  the  right  of  its  normal  position,  namely,  in  tlie  empty 
condition,  within  half-an-incli  (12  mm.)  of  the  middle  line.  Finally,  as  it  fills,  the  stomach 
becomes  gradually  more  oblique,  so  that  in  the  distended  .state  tlie  long  axis  of  the  jiosterior 
two-thirds  of  the  organ  is  directed  forwards,  downwards,  and  to  the  right,  and  forms  an  angle 
of  about  40"  to  45°  with  both  the  horizontal  and  .sagittal  planes  (Fig.  674),  whilst  its  anterior 
tliird  is  still  more  oblicpie. 

There  is,  however  (as  jiointed  out  by  Jonnesco),  no  distinct  rotation  of  the  organ  on  its  long 
axis — no  turning  of  tlie  great  curvature  more  forwards,  nor  of  tlie  so-called  antei  ior  surface  more 
u  J)  wards. 

In  the  change  from  the  distended  to  the  emiity  state  these  stages  are  reversed  :  the  whole 
stomach  is  contracted,  or  drawn  in,  from  all  directions  towards  the  lesser  curvature  ;  this  latter 
is  Ijent  u])on  itself  to  an  acute  angle,  and  tlie  long  axis  of  the  organ,  becoming  less  oblique, 
ajiproaches  the  horizontal. 

Although  this  descrijition  of  the  .sliajie  and  direction  of  the  stomach  is  at  variance  with  the 
generally  accepted  accounts,  it  is  based  \\\)om  the  examination  of  a  considerable  number  of 
specially-hardened  liodies,  and  has  been  found  to  ajiply  so  generally,  that  it  is  advanced  here  as 
the  condition  most  fre(|uently  found  in  the  male  immediately  after  death,  and  as,  in  all  proliability, 
giving  a  near  apjiroximation  to  the  conditions  jiresent  during  life.  It  must,  however,  be 
admitted  that,  in  the  female,  as  a  result  of  tight  lacing,  the  stomach  is  often  found  to  assume 
an  abnormal  vertical  position  ;  but  this  condition  is  associated  with  disjjlacement  of  other 
abdominal  organs  in  the  neighbourhood,  and  cannot  be  looked  upon  as  normal  (see  page  1007). 

Size  and  Capacity  of  the  Stomach. — Probably  no  organ  in  the  body  varies  more 
ill  size  within  the  limits  of  health  than  the  stomach.  Moreover,  as  its  tissues  change  so 
i-apidly  after  death,  measurements  made  on  softened  and  relaxed  organs  are  not  only 
worthless  but  quite  misleading.  Consequently  it  is  difficult,  perhaps  impossible,  to  arrive 
at  a  correct  estimate  of  its  size  and  capacity. 

The  length  of  the  stomach  in  the  fully  distended  condition  is  about  10  or  II  inches 
(25  to  27"5  cm.),  and  its  greatest  diameter  not  more  than  4  or  4|  inches  (10  to  11  "2  cm.)  : 
whilst  its  capacity  in  the  average  state  rarely  exceeds  40  ounces,  or  1  quart. 

The  length  has  been  estimated  by  different  authorities  at  from  10  to  13i  inches  (26  to  34 
cm.) ;  its  diameter,  from  3|  to  6  inches  (8  to  15  cm.) ;  and  its  cajiacity  from  1|  to  5  pints.  The 
measurements  of  the  capacity  given  by  Dr.  Sidney  Martin  are  probably  the  most  accurate  :  he 
states  that  the  capacity  varies  between  9  and  59  oz.,  with  an  average  of  from  .35  to  40,  or  a  little 
over  a  litre. 
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The  distance  in  a  direct  line  from  the  cardiac  to  the  pyloric  orifice  varies  from  3  to  5  inches 
(T\"j  to  l-I-'j  cm.),  and  that  from  the  cardia  to  the  snmmit  of  the  fundus  from  2i  to  4  inches 
{6-2  to  10-0  cm.). 

As  regards  the  vmyltt,  I  have  found  the  average  of  twelve  wet  sjaecimeus  freed  from  theii' 
omenta  to  he  4|  oz.'('l35  grms.),  with  a  maximum  of  7  oz.  (198-45  grms.)  and  a  minimuni  of 
3i  oz.  (99-22  grms.)       "     ^      ■       ■  - 


Glendenning  gives  the  Aveight  as  4^  ounces. 


Relations  and  Connexions  of  the  Stomach. — The  relations  will  Ije  nmch 
more  readily  uiiderstood  if  we  brietiv  cousider  the  disposition  of  the  portion  of 
the  abdoniinal  cavity  in  whicli  the  stomacli  lies,  a  portion  which  has  such  con- 
stant and  definite  "surroundings  tliat  it  perhaps  merits  the  title  of  "stomach 
chamber." 

The  stomach  chamber  (Figs.  676  and  677)  is  a  space  iu  the  upper  and  left  portion  of  tlie 
alxlominal  ra\  ity  wliich  is  (■i)m])letely  occupied  hj  the  stomach  when  that  organ  is  distended, 
liut  into  which  the  trans\-erse  colon  also  pas.ses,  doubling  up  over  the  stomach,  when  this 
latter  is  emjity. 

The  chandler  jiresents  an  arched  roof,  an  irregularly  slojiing  floor,  and  an  anterior  wall.  The 
roof  is  f(irme<l  ]iartly  l>y  the  visceral  surface  of  the  left  lohe  of  the  liver,  and  in  the  rest  of  its 
exlent  ]iy  tlie  left  cu])ola  of 
the  (liaiiliiiiniii,  which  arches 
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The  Stomach  Chamber  and  Stomach  Bed. 


P'l-oin  the  same  body  as  the  preceding  flgiu'e,  after  the  .stomach  had  been 
removed. 


al  >d< 


lal  wall,  between  the  ribs  on  the  left  and  the 


giadually  downwards  hehind 
and  on  the  left  to  meet  tlie 
Hoor. 

The  floor  or  ''sftnuai'h  bed' 
fFig.  676)  is  a  shijiing  shell' 
on  which  the  under  surface 
<if  the  stomach  rests,  and  hy 
which  it  is  su]i]iorted.  The 
lied  is  formed  liehind  liy  the 
top  of  the  left  kidney  (with 
its  su]irai-enal  capsule)  and 
the  gastric  surface  of  the 
sjileen  ;  in  front  of  this,  hy 
the  wide  u]iper  surface  of 
the  ]iancreas  ;  and  nioi-e 
anteiidi  ly  still,  liy  the  trans- 
\  eise  iiicsdciilini  I'unning  for- 
waids  ali<ive  the  small 
intestine,  ii-oni  the  anterior 
edge  of  the  panci-eas  to 
the  c.ildu  (Fig.  676),  which 
lattei-  (-(impletes  the  floor 
antci-i(irly. 

Finally,  the  wnfi'rior  mill 
(if  the  stomach  chamlier  is  formed  liy  the 
livei-  iin  tlie  right  side. 

This  eliaiiilier  is  completely  tilled  liy  the  stomach,  wlu'ii  that  organ  is  distended.  When,  on 
the  other  hand,  the  stuiiiach  is  empty  and  contracted,  it  still  rests  on  the  floor,  or  stomach  hed, 
liut  occupies  (inly  the  lower  jiortion  of  the  chamlier,  whilst  the  i-est  of  the  sjiace  is  filled  liy  the 
transverse  c<il(iii,  which  turns  gradually  upwards  as  the  stomach  retracts,  and  finally  comes  to 
lie  both  above  and  in  front  of  that  organ  and  immecUately  beneath  the  diajiliragm — a  fact  to  be 
remeiiibereil  in  clinical  examinations  of  this  region. 

The  upper  (or  parietal)  surface  of  the  stomach  is  more  convex  and  more  extensive 
than  the  hiwer.  It  lies,  when  tlie  organ  is  distended,  in  contact  with  the  roof  and 
anterior  wall  of  the  stomach  chandier,  and  thus  conies  into  relation  with  the  under 
surface  of  the  left  lolie  of  the  liver  on  tlie  riglit,  the  vault  of  the  diaphragm  on  the 
left,  and  the  anterior  alidoininal  wall  in  front  (Fig.  670).  When  the  stoma,ch  is 
empty,  on  the  other  hand,  the  transverse  colon,  as  just  explained,  douliles  up  over 
it,  and  sejiarates  this  surface  from  the  roof  of  the  chamlier. 

The  lower  (or  visceral)  surface,  more  flattened  than  the  upper,  rests  upon  the 
stomach  lied,  and  comes  into  relation  with  the  following  parts: — Behind,  at  the 
fundus,  witli  the  diaphragm  and  gastric  surface  of  the  spleen ;  in  front  of  this  with 
the  left  kidney,  the  suprarenal,  and  the  upper  surface  of  the  pancreas,  and,  more 
anteriorl}"  still,  with  the  transverse  mesocolon  and  colon.  From  all  of  these  the 
stomach  is  separated  by  the  small  sac  of  the  peritoneum  (the  anterior  layer  of 
which  clothes  tliis  surface),  except  belovy  and  to  the  left  of  the  cardia,  where  the 


100-i 


THE  niGESTIVEVSYSTEM. 


peritoneum  is  absent,  over  an  irregularly  triangular  area  (Fig.  674),  and  here  the 
stomach  lies  in  direct  contact  with  the  diaphragm  (sometimes  also  with  the  top  of 
the  left  kidney  and  suprarenal  capsiile). 

It  should  l)e  pointed  out  that  tlie  under  surface  of  the  stomach  is  sej^arated  from  the 
duodeno-jejunal  flexure  and  the  beginning  of  the  jejunum  by  the  transverse  mesocolon  only.  By 
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Fig.  677. — The  Visceha  and  Vessels  on  the  Postekior  Abdominal  Wall. 

The  stomach,  liver,  and  most  of  the  intestines  have  l)eeii  removed.  The  peritoneum  has  been  preserved  on  the 
right  kidney,  and  also  the  fos.sa  for  the  Spigelian  lobe.  In  taking  out  the  liver,  the  vena  cava  was  left 
behind.    The  stomach  bed  is  well  shown.    (From  a  body  hai'deued  by  chromic  acid  injections.) 


cutting  through  this,  the  sui-geon  is  enabled  to  bring  the  stcnuach  and  duodenum  together  in  the 
operation  of  gastro-intestinal  anastomosis. 

The  cardiac  end  or  fundus  (tiuulus  ventriculi)  is,  in  the  distended  condition,  a 
large  rounded  cul-de-sac,  which  projects  backwards  and  upwards  against  the  left 
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cupolu  (if  tlie  (liapliragm ;  opposite  tlie  cesopliageal  orifice  it  passes  into  the 
body  of  the  stomach.  Its  surfaces  are  merely  prolongations  of  the  iipper  and 
lower  surfaces  of  the  organ,  and  accordingly  its  relations  are  similar. 

Thus  tlie  upper  surface  lies  against  the  left  cupola  of  the  diaphragm  (aftd  occasionally  the 
left  lobe  of  the  liver,  when  this  extends  further  than  usual  to  the  side) ;  whilst  the  lower  surface 
rests  chiefly  on  the  gastric  surface  of  the  sjDleen,  and  also  on  the  left  kidnej'. 

The  highest  part  of  the  fundus  reaches  to  the  level  of  a  jioint  on  the  chest  wall  about  lialf-an- 
inch  (12  nnn.)  internal  to  the  apex  jjoint  of  the  heart. 

The  narrow  or  pyloric  end,  when  the  stomach  is  empty,  is  contracted  and 
cylindrical,  and  runs  transversely  to  the  right,  lying  as  a  rule  beneath  the  left  lobe 
of  the  liver.  During  distension  it  is  carried  to  the  right  beneath  the  quadrate  lobe, 
and  its  terminal  part  is  there  directed  backwards  in  order  to  reach  the  duodenum. 
Even  in  this  condition  its  last  inch  remains  comparatively  undistended. 
.  The  lesser  curvature  (curvatura  ventriculi  minor)  is  directed  towards  the  liver, 
and  corresponds  to  the  line  along  which  the  lesser  omentum  is  attached  to  the 
stomach,  between  the  pyloric  and  oesophageal  orifices  (Fig.  674).  It  is  connected 
to  the  liver  by  the  lesser  omentum,  between  the  layers  of  which  the  gastric  and 
pyloric  vessels  run  along  the  curvature. 

This  curvature,  when  the  stomach  is  empty,  presents  a  sharp  bend  at  the  junction  of  the 
cardiac  and  pyloric  portions,  but  when  fully  distended  it  forms  an  open  curve  exce2>t  near  its 
pyloric  end,  where  it  becomes  convex,  corresponding  to  the  S-shaped  forni  of  this  portion  of  the 
organ  (see  below).  On  viewing  a  distended  stomach  from  the  right  side  (Fig.  674,  B),  it  will  be 
observed  that  the  line  of  the  lesser  curvature  turns  slightly  on  to  the  upjier  aspect  in  order  to 
reach  the  cardia,  which  is  situated  rather  on  the  upper  surface  than  on  the  border  of  the  stomach. 

The  great  curvature  (curvatura  ventriculi  major),  which  is  usually  over  three 
times  as  long  as  the  lesser  curvature,  corresponds  to  a  line  drawn  from  the  cardia  over 
the  summit  of  the  fundus  (Fig.  674),  and  then  along  the  line  of  attachment  of  the 
great  omentum  as  far  as  the  pylorus.  In  general,  it  is  directed  to  the  left  and  for- 
wards, but  at  its  beginning,  near  the  cardia,  it  of  course  looks  in  the  opposite 
direction.  The  great  curvature  corresponds  in  the  greater  part  of  its  length  to  the 
attachment  of  the  great  omentum ;  and  in  close  relation  to  it,  but  between  the 
layers  of  the  omentum,  run  the  right  and  left  gastro-epijiloic  vessels. 

Antrum  Pylori. — This  is  a  prominence  of  the  great  curvature  in  the  distended  stomach,  situated 
a  short  distance  from  the  pylorus.  When  the  stomach  is  distended,  the  pyloric  portion,  near  its 
right  extremity,  becomes  curved  somewhat  like  the  letter  »S'  placed  horizontally.  The  first  curve  of 
the  S  is  convex  downwards  and  forwards,  and  this  becoming  more  prominent  with  distension, 
forms  a  projection  of  the  great  cur\'ature  known  as  the  antrum  pylori.  The  terminal  pai't  of  the 
S  extends  to  the  jjylorus  ;  it  is  about  one  inch  (2'5/|Cm.)  in  length,  and  it  appears  never  to  become 
distended  to  any  noticeable  extent.  This  latter  is  the  part  described  by  Jonnesco  as  the  pyloric 
canal. 

The  terms  cardiac  and  pyloric  portions  are  often  employed  to  indicate  the  wider  and  narrowei' 
portions  of  the  stomach  resjjectively.  The  cardiac  portion  includes  about  two-thirds  of  the 
length  of  the  whole  organ  ;  the  pyloric  portion  the  remaining  third.  Except  in  complete  dis- 
tension, the  junction  of  the  two  is  usually  indicated  by  a  slight  constriction,  and  occasionally 
there  is  a  thickening  of  the  muscular  fibres  (ajjparently  those  of  the  oblique  layer),  corresponding 
in  jjart  to  the  constriction. 

The  oesophageal  orifice  or  cardia  is  the  aperture  at  which  the  gullet  opens  into  the 
stomach.  It  is  situated  at  the  upper  end  of  the  lesser  curvature,  to  the  right  of  the 
fundus,  and  nearer  the  upper  than  the  lower  surface  of  the  stomach  (Fig.  674,  B). 
The  cElrdia  is  very  deeply  placed,  and  lies  about  four  inches  behind  the  sternal  end 
of  the  seventh  left  costal  cartilage,  at  a  point  one  inch  from  its  junction  with  the 
sternum.    Posteriorly  it  corresponds  to  the  level  of  the  eleventh  dorsal  vertebra. 

Owing  to  the  fixation  of  the  CESophagus  by  its  passage  through  the  diajdiragm,  and  the  close 
connexion  between  the  stomach  and  the  diaphragm,  near  the  cardia  where  the  peritoneum  is 
absent,  this  is  the  most  fixed  part  of  the  whole  organ.  The  object  of  this  immobility  is 
evidently  to  maintain  a  clear  passage  for  the  food  entering  the  stomach.  The  orifice  is  oval 
rather  than  round,  with  its  long  axis  very  oblique  ;  and  although  the  presence  of  a  valvular 
arrangement  at  the  cardia  has  lieen  advocated  by  several  authorities,  it  is  difficult  to  find  satis- 
factory proof  of  its  existence  in  hardened  bodies.  It  seems  more  probaljle,  on  the  whole,  that 
no  such  arrangement  naturally  exists  here.  On  the  other  hand,  the  muscular  margins  of  the 
oesophageal  opening  in  the  diaphragm,  and  the  circular  fibres  of  the  lower  end  of  the  oesophagus, 
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which  are  particularly  well  developed,  afford,  by  their  simultaneous  contraction,  an  effective 
means  of  closing  the  oesophagus  iiuiuediately  above  the  cardia,  and  thus  of  preventing  regurgita- 
tion of  the  contents  of  tlie  stomach. 

The  pyloric  orifice  or  pylorus  is  tlie  aperture  tluuugli  which  the  Htuiuach  euui- 
uiunicates  with  the  (huKleiium.  It  is  marked  on  the  surface  liy  a  shght  constriction, 
most  evident  at  the  curvatures :  and  in  the  interi(jr  hy  a  prominent  thickenifi"'  of 
the  wall — the  pyloric  valve  (valvula  pylori) — produced  hy  a  special  development  of 
the  circular  muscular  lihres,  known  as  the  ])yloric  sphincter  (musculus  sphincter 
pylori).  When  examined  post-mortem  in  the  ordinary  way,  the  aperture,  viewed 
from  the  duodenal  side,  is  somewhat  oval  in  form,  and  closely  reseml)les  the  external 
OS  uteri  (Cunningham).  When  seen  from  the  opposite  side,  it  presents  an  irregular 
or  stellate  appearance,  owing  to  the  fact  that  the  rug;c  of  the  gastric  mucous 
mend)rane  are  continued  uj)  to  the  orifice. 

The  pylorus  rests  on  the  neck  of  tlie  pancreas  helow  aiul  heliind,  a,nd  is  over- 
lapped by  the  liver  ai)ove  and  in  front.  Its  average  position  can  he  marked  on  the 
surface  of  the  l)ody  by  the  inte'rsectioii  of  two  lines;  one  drawn  horizontally  half- 
way between  the  top  of  the  sternum  and  the  pubic  crest  (Addison),  the  other  drawn 
vertically  a,  little  wa\-  (I  inch,  12  nna.)  to  the  right  of  the  middle  line. 

During  the  earlier  stages  of  gastric  (hgestion  the  sjihiiicter  pylori  is  strongly  contracted 
and  the  aperture  firmly  closed,  but  it  opens  intei-mittently  to  allow  of  the  jias.sage  of  pi-o]>erly 
digested  ])ortions  of  the  food.  As  digestion  advances  the  sphincter  probably  relaxes  somewhat  ; 
but  in  hardened  Ijodies  a  really  ])atent  pylorus  is  rarely  or  never  found,  ■which  would  seem  to 
indicate  that  the  pylorus  is  normally  closed,  or  nearly  so,  and  that  its  opening  is  an  active  rather 
than  a  passive  condition,  as  in  the  case  of  the  anal  canal. 

As  regards  its  size,  the  ])y]orus  is  stated  to  be  about  i  inch  (12'5  mui.)  in  diameter,  Init  then- 
is  no  doulit  tliat  this  re])resents  ueithe?'  its  full  size  nor  the  calibre  of  the  valve  when  at  rest. 

Foreign  bodies  with  a  diameter  of  4' 
to  1  inch  have  been  known  to  j)ass 
tlu'ough  the  pylorus  without  giving 
ri.se  to  trouble,  even  in  children.  On 
the  other  hand,  when  at  rest,  with  an 
eni])ty  stomach  and  duodenum,  tlie 
a])erture,  as  seen  in  formalin-hardened 
l)odies,  is  practically  closed,  and  pre- 
sents a  stellate  or  ])ur.se-moiith  ajjpear- 
ance,  ^-iewed  from  either  aspect.  In 
hardened  bodies  with  distended  stonuich 
and  duodenum,  the  a])erture,  which  is 
somewhat  oval,  is  practically  closed,  and 
from  the  duodenal  side  resend)les  the 
external  os  uteri.  But  both  in  the 
empty  and  tli.e  distended  condition  of 
the  stomach  the  pylorus  seem.s  to  be 
i-atlier  a  tuljular  nai-i'owing,  extending 
over  at  least  A  to  1  incli  of  the  canal, 
than  a  sudden  constriction. 

When  the  stomach  is  emiity  the 
])ylorus  is  usually  i)laced  near  (i.e. 
within  i  inch,  12  nun.  of)  tlie  middle 
line,  l)eneatli  the  left  or  sometimes  the 
i[uadrate  lobe  of  the  liver,  and  at  tlu' 
level  of  the  first  lumbar  vertebra,  or 
the  disc  between  this  and  the  second 
huubar.  During  distension  it  is  jnished 
over  beneath  the  tpiadrate  lol)e  for  a 
varial)le  distance,  but  very  rarely  moi-e 
than  U  or  2  inches  to  the  right  of  the 
middle  line  ;  and  its  orifice,  instead 
of  looking  t(jwards  the  right,  is  then 
dii'ected  backwards,  for,  as  already  ex- 
])lained,  the  antrum  in  distension  is 
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678.— Abdomen  of  Fk.viai.e,  showinc;  Disi'LAce.mknts 
resdltinc  from  tl(!ht  lacing. 


The  liver  i.s  much  enlarged,  and  extends  on  the  left  side  to 
the  liiis,  wliere  it  was  folded  back  on  itself  for  over  an 
inch.    The  pyloric  end  of  the  stomach  and  the  beginnini;  - 

of  the  duodenum  are  (juite  superficial  below  the  liver,  and   cai-ried  to  the  right  in  front 
all  the  viscera  are  di.splaced  downward.s.    (From  a  jihoto-    pylorus,  or  even  beyond  it. 
graph  of  a  body  hardeiieil  by  injections  of  formalin. ) 

Peritoneal  Relations. 


The 


stomacli  is  almost  completely  covered  by  peritoneum — the  anterior  surface  being 
clothed  b}'  the  posterior  layer  of  the  great  sac,  and  the  posterior  surface  by  tin; 
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anterior  layer  of  the  small  sac.  From  the  lesser  curvature  the  lesser  omentum 
extends  to  the  liver,  whilst  from  the  great  curvature  the  great  omentum  passes 
down  to  the  transverse  colon.  Higher  up  still,  on  the  left,  the  continuation  of  the 
great  omentum,  namely,  the  gastro-splenic  omentum,  passes  off  (from  the  inferior 
surface,  a  little  Ijelow  the  great  curvature)  to  the  spleen.  Finally,  a  small  peri- 
toneal fold,  known  as  the  gasfro-plwenic  ligament,  is  found  running  from  the 
st(jniach  u])  to  the  diaphragm  along  the  left  side  of  the  cesophagus. 

A  HiiuiU,  iwegulai-lj'  triangular,  area  (Fig.  674),  about  2  iuclies  wide  and  l\  inches  i'roiu  aliovc 
downwards,  during  moderate  distension  of  the  stomach,  on  the  inferior  surface  below  and  to  tlu- 
left  of  the  carrlia,  is  uncovered  by  peritoneum,  juid  over  it  the  organ  is  in  direct  contact  with 
the  <liajiliragm,  occasionally  also  with  the  top  of  the  left  kidney  and  .sujirarenal.  From  the  left 
angle  of  this  "  uncovered  area  "  the  attachment  of  the  great  omentum  (gastro-spleidc  part.)  starts  ; 
and  at  tlie  right  angle  the  coronary  artery  passes  on  to  the  stomach. 

In  the  child  at  birth  the  stomach  is  scarcely  as  large  as  a  small  hen-egg,  and  its 
capacity  is  about  one  ounce  (28"3  grammes).  In  shape  it  corresponds  pretty  closely  to 
that  of  the  adult,  and  the  fundus  is  well  developed,  although  the  contrary  is  often 
stated . 

In  the  female  (Fig.  678),  as  a  result  of  tight  lacing,  the  stomach  is  often  displaced 
in  position  and  distorted  in  shape,  so  that  instead  of  running  obliquely  forwards,  downwards, 
and  to  the  right,  it  is  placed  nearly  A'ertically  along  the  left  side  of  the  vertebral 
column,  in  which  direction  it  has  a  very  considerable  length.  Its  lower  part  bends  rather 
suddenly,  and  runs  upwards  and  to  the  right  to  join  the  pjdorus,  which  is  often  placed 
quite  superficially  below  the  liver.  As  a  result  of  the  displacement,  the  left  extremity  of  the 
pancreas  is  pushed  downwards  from  the  horizontal  until  it  almost  assumes  a  vertical  position. 
The  narrowing  and  inversion  of  the  lower  margin  of  the  thoracic  framework  at  the  same 
time  constricts  the  stomach  about  its  middle,  and  often  leads  to  a  l)ilocular  condition. 

Hour-glass  or  Bilocular  Stomach. — This  is  a  condition  of  the  organ,  by  no  means  rare, 
in  Avliicli  the  stomach  is  more  or  less  completely  sei)arated  into  two  divisions — a  cardiac  and 
a  pyloric — the  normal  arrangement  in  certain  rodents  and  other  animals.  As  a  rule  the  former 
division  is  the  lai'ger,  hwi  occasionally  tlie  two  are  nearly  equal,  or  the  pyloric  portion  may 
exceed  the  cardiac  in  size.  Sometimes  the  condition  is  temporary,  and  the  result  of  a  vigorous 
contraction  of  the  circular  muscular  fibres  at  the  seat  of 
constriction.  In  other  cases  it  is  permanent,  and  may 
be  due  to  pressure  of  the  lower  ribs,  as  from  tight  lacing, 
.to  cicatricial  contraction  after  gastric  ulcer,  or  possibly 
to  a  congenital  or  acquired  thickeniiig  of  the  muscular 
fibres  corresponding  to  the  constriction.  The  condition 
is  nnicli  more  frequent  in  the  female  than  the  male, 
and  is  rarely  found  in  the  child. 
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Structure  of  the  Stomach. 


Submucosa  < 


The  stomach  wall  is  composed  of  four  coats — 
namely,  from  without  inwards  :  (1)  peritoneal,  (2) 
muscular,  (3)  submucous,  and  (4)  mucous  (Fig.  679). 

Peritoneal  or  Serous  Coat  (tunica  serosa). — 
This  coat  is  formed  of  the  peritoneum,  the  relations 
of  which  to  the  stomach  have  already  been  described. 
It  is  closely  attached  to  the  subjacent  muscular 
coat,  except  near  the  curvatures,  ^vhere  the  con- 
nexion is  more  lax  ;  and  it  confers  on  the  stomach 
its  smooth  and  glistening  appearance. 

The  muscular  coat,  ^vhich  is  composed  of  un- 
striped  muscle,  is  thinnest  in  the  fundus  and  body, 
much  thicker  in  the  pyloric  jjortion,  and  very  highly 
developed  at  the  pylorus.  It  is  made  up  of  three 
incomplete  layers  —  an  external  of  longitudinal,  a 
nnddle  of  circular,  and  an  internal  of  oblique 
nuiscular  fibres. 

The  external  layer  (stratum  longitudinale)  con- 
sists of  longitudinal  fibres,  continuous  with  those  of  the  ojsophagus,  on  the  one  hand, 
and  those  of  the  duodenum  on  the  other  (Fig.  680,  A).  They  are  most  easily  demonstrated 
on  the  lesser  curvatui-e,  Avhere  thev  can  be  traced  down  from  the  right  side  of  the  oeso- 
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Fig.  679. — Section  thhouuh  Wall  of 
Stomach,  Caudiac  Portion  (sliglitly 
nioditieil  from  Stolir). 
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pliagus.  Over  the  great  curvature  and  ou  the  two  surfaces  tliey  are  present  as  au 
extremely  thin  and  irregular  sheet.  Towards  tiie  pylorus  the  longitudinal  fibres  grow 
much  thickei-,  and  also  much  tougher  and  more  closely  iniited,  but  they  do  not  take 
any  part  in  the  formation  of  the  pyloric  valve. 

A  specially-condensed  l^and  of  these  can  be  often  made  out  both  on  the  front  and  back 
at  the  antrum  pylori,  the  form  of  which  is  said  to  be  due  to  their  presence.    These  bands  are 

known  as  the  jiyloric  ligaments  (liga- 
menta  pylori). 

The  middle  layer  (stratum  cir- 
culare)  is  composed  mainly  of  circular 
fibres,  continuous  with  the  more 
superficial  of  the  circular  fibres  at 
the  lower  end  of  the  oesophagus  (Fig. 
680,  B).  They  do  not  commence 
as  a  series  of  circular  bundles  sur- 
rounding the  fundus,  as  usually 
described.  On  the  contrary,  they 
begin  as  a  set  of  U-shaped  bundles 
which  loop  over  the  lesser  curvature 
at  the  right  of  the  cardia,  and  pass 
downwards  and  to  tlie  left  on  both 
surfaces.  Further  to  the  right  these 
looped  fibres  are  succeeded  by  circles 
wdiich  surround  the  organ  completely. 
Traced  towards  the  narrow  end  of  the 
stomach,  the  circular  bundles  grow 
thicker,  and  at  the  pylorus  they 
undergo  a  further  increase,  giving 
rise  to  the  pyloric  sphincter  which 
surrounds  the  orifice  as  a  thick 
muscular  ring. 

On  the  gastric  side  the  pyloric 
sphincter  passes  gradually  into  the 
thick  circular  fibres  of  the  pyloric 
portion  of  the  stomach.  On  the 
opposite  side  it  ceases  abruptly,  only 
its  outer  part  being  continued  into 
the  circular  fibres  of  the  duodenum 
(Fig.  681). 

The  internal  layer  (fibrte  obliqute) 
is  composed  of  fibres  which  are 
arranged- on  the  fundus  and  adjacent 
pai'ts  of  the  stomach,  in  much  the 
same  manner  as  those  of  the  middle 
layer  are  on  the  body  and  pyloric 
portion  of  the  organ  (Fig.  680,  C). 
Continuous  above  with  the  deeper 
circular  fibres  of  the  lower  end  of  the 
oesophagus,  they  begin  as  U-shaped 
bundles  which  loop  over  the  stomach 
Fig.  680.— The  Three  Layers  of  the  Muscular  Coat  of  immediately  to  the  left  of  the  cardia, 
THE  St(.mach.     a,  Outer  or  longitudinal  layer  ;  B,  Middle  ^^^^  obliquely  downwards 

or  circular  layer  ;  C,  Internal  or  oblique  layer,    a,  Longi-        j   j.  ■  i  j.  j?  -j      i  i 

tudinal  fibres  of  oesophagus  ;  h,  Superficial  circular  fibres  ^""^  ^he  right  tor  a  considerable 
of  oesophagus  passing  into  circular  fibres  of  stomach  in  B  ;  distance  on  both  surfaces  of  the 
c,  Deep  circular  fibres  of  oesophagus  passing  into  oblique  organ.  These  looped  fibres,  aS  we 
fibres  of  stomach  in  C  ;  d,  Oblique  fibres  forming  rings  at  ^^le  left,  gradually  become 

the  fundus  ;  e,  Submuoosa.  f         ,  ,.  i   n     n     i.  •  i 

less  oblique,  and  nnaiiy  form  circles 

which  surround  the  wide  end  of  the  stomach  conn^letely,  even  as  far  as  the  summit 
of  the  fundus.  The  oblique  fibres  can  be  most  readily  shown  by  removing  the 
circular  fibres  on  either  surface  below  the  cardia.  When  traced  towards  the  right, 
they  will  be  found  to  terminate  by  turning  down  and  joining  the  fibres  of  the  circular 
layer. 
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.  681. — Diagram  td  show 
Formation  of  Pylorus. 
P,  Peritoueuiu  ;  L,  Longi- 
tudinal layer  of  muscular 
fibres  ;  C,  Circular  layer  ; 
M,  Mucous  membrane  ;  V, 
Villi.  It  will  be  .seen  that 
the  pyloric  narrowing  is  due 
practically  entirely  to  a 
gradual  thickening  of  the 
circular  muscular  fibres, 
which  stops  abruptly  at  tlie 
pyloric  oritice. 


The  submucous  coat  (tela  sulmiucosa)  is  a  layer  of  ytrong  but  loose  connective  tissue, 
which  lies  between,  and  unites,  the  muscular  and  mucous  coats  (Fig.  679).  It  is  more 
loosely  attaciied  to  the  former  and  more  closely  to  the  latter  coat,  and  it  forms  a  bed 
in  which  the  vessels  and  nerves  break  up  before  entering-  the 
nuicous  membrane. 

The  mucous  coat  (tunica  mucosa),  if  examined  in  the  fresh 
state  soon  after  death,  is  of  a  reddish  gray  colour  and  of 
moderate  consistence.  When  examined  some  time  after  death, 
the  colour  turns  to  a  darker  gray,  and  the  whole  membrane 
becomes  softer  and  more  pulpy.  It  is  thicker  (over  2  mm.) 
and  firmer  in  the  pyloric  than  in  the  cardiac  portion,  and  is 
thinnest  at  the  fundus,  where  it  often  shows  signs  of  post- 
mortem digestion.  When  the  stomach  is  empty  all  three  outer 
coats,  which  are  extensile,  contract,  whilst  the  inextensile 
mucous  coat,  as  a  result  of  its  want  of  elasticity,  is  thrown 
into  numerous  prominent  folds  or  rurjo',  which  project  into  the 
interior  and,  as  it  were,  occupy  the  cavity  of 'the  contracted 
organ.  These  are,  in  general,  longitudinal  in  direction,  with 
numerous  cross  branches,  and  they  are  largest  and  most 
numerous  along  the  great  curvature.  Tliey  disappear  when 
the  stomach  is  distended. 

When  the  surface  of  the  mucous  coat  is  examined  in  a 
fresh  stomach,  it  is  seen  to  be  marked  out  into  a  number  of  small,  slightly  elevated, 
polygonal  areas  (arese  gastricse)  by  numerous  linear  depressions  ;  the  nuicous  membrane 
is  consequently  said  to  be  mainmillated  (Fig.  682,  A).  These  little  areas,  which  measure 
from  1  to  6  nnu.  in  diameter,  are  beset  with  numerous  small  pits  (foveolte  gastricfe,  about 
•2  mm.  wide),  wliicii  ai-e  the  mouths  of  the  gastric  glands,  and  they  are  so  closely  placed 

that  the  amount  of  surface 
separating  them  is  reduced  (par- 
ticularly in  the  pyloric  portion, 
where  the  gland  mouths  are 
widest)  to  a  series  of  elevated 
ridges  (plicse  villoste)  resembling 
villi  on  section.  Although  the 
gland  mouths  cannot  be  seen 
with  the  naked  eye,  a  very  slight 
magnification  is  sutticient-to  show 
them  clearly ;  it  is  also  possible 
to  see  the  gland  tubes  leading 
off  from  the  bottom  of  each 
(Fig.  682,  B). 

Blood-vessels. — The  arteries  of 

the  stomach  are  all  derived 
uiately  from  the  cceliac  axis.  The 
coronary  arises  from  this  trunk  direct. 
Having  reached  the  lesser  curvature 
and  given  off  an  oesophageal  branch, 
it  divides  into  two  large  branches, 
which  run,  one  on  each  side,  along 
this  curvature,  and  join  below  willi 
two  similarly  disposed  arteries  de- 
rived from  the  pj/ZorVc  branch  of 
the  hepatic.  From  the  two  arches 
thus  formed,  four  or  five  large 
branches  jjass  to  each  surface  of  the 
stomach,  and  soon  pierce  tlie  nuis 
cular  coat.  Along  the  great  curva- 
ture several  smaller  branches  reach 
the  stomach  from  the  riyht  and  left 
(jastro-epiploic  arteries,  which  are 
branches  _  respectively  of  the  gastro-duodenal  and  the  splenic,  and  run  in  the  great  omentum 
close  to  its  attachment  to  the  stomach.  Finally,  four  or  five  vasa  brevm,  branches  of  the 
splenic,  are  distributed  to  the  fundus  of  the  stomach,  which  they  reach  by  passing  forwards 
between  the  layers  of  the  gastro-splenic  omentum.  At  first  the  arteries  lie  lieneath  the  peri- 
tonemn  ;  very  soon,  however,  they  pierce  the  nuisctilar  coat,  wliich  they  supply,  and  reaching 
the  sul)nnicosa,  break  up  to  form  a  close  network  of  vessels.  From  these  arise  numerous  small 
64 


.Maiiniiill 


Mouths  of 
gastric  glands, 
with  gland  < 
tubes  at 
bottom 

Depression 
between  two- 
manimilla: 


Mouth  of 
gastric  gland" 


P'iG.  682. — The  Mucous  Mkmbrake  of  Stomach.  A,  Natural 
size  ;  B,  Magnified  25  diameters.  In  A  the  rugte  and  the 
nuunuiillated  surface  are  shown.  In  B  the  gland  nioutlis 
(foveola;  gastricae),  with  the  gland  tubes  leading  off  from  some 
of  them,  and  the  ridges  separating  the  mouths  (plicne  vilIos;e) 
are  seen. 
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brauclies,  M'liicli  enter  the  luueous  meiiiltraiie  and  torni  (■a)>illarv  plexui^e.s  aniund  tlie  glanils  as 
tar  as  tlic  surface. 

Tile  veins  begin  in  tlu>  eajiillary  ]ilexuses  ardund  the  glands  ;  uniting,  lliey  ibrm  a  netwdrk  in 
the  sulniiucdsa.,  from  -wliich  arise  branches  tliat  ])ierce  the  niuscuhir  coat,  and  finally  end  in  the 
following  veins  ;  the  right  iidstrii-epiphiic,  w\\u-\i  joins  the  superior  mesenteric;  the  left  (/astro- 
ep'iploic,  and  four  or  five  veins  corresjionding  to  the  n(sii  liirviit  nrfcrics,  which  join  the  s])leuit  ; 
the  coronary  or  gastric  rein,  which  runs  along  the  lesser  curvature  towards  the  cardia,  receives  an 
(■cso2)hageal  l)ranch,  and  then  turns  down  and  runs  l)eside  the  coronary  artery  to  join  the  j)ortal 
trunk  ;  and  the  ^)(//or?V  rein,  corres])onding  to  the  same  named  artei-y,  \vliich  also  joins  the  ])orta]. 
Tliese  veins  contain  numerous  valves,  wliich,  tliough  competent  to  pi-event  the  i-eturn  of  blocid  in 
the  child,  are  rarely  so  in  the  adult. 

Thelymphaticsari.se  in  the  mucous  membrane  around  t lie  gastric  glands  ;  they  then  join  a 
plexus  of  vah  ed  \essels  in  the  submucosa,  from  whicli  the  cliief  trunks  pass  M  itli  the  blood- 
x'essels  to  the  cui'vatnres,  being  joined  on  the  way  by  tlie  efferent  vessels  of  a  subjieritoneal 
lymphatic  jilexus.  They  are  connected  with  the  superioi'  gastric  glands  along  the  lessei'  cui-va- 
tures,  the  inferior  gastric  glands  along  the  great  curvature,  and  the  splenic  glands,  which  they  reach 
with  the  vasa  Ijrevia.    Finally,  the  efferent  vessels  of  all  these  join  the  ctcliac  glands. 

The  nerves  are  derived  from  the  two  pneiiiiiogiistricK  and  from  the  x(d(tr  plans  of  the 
symjiathetic.  The  jmeumogastric  nerves  pass  down  through  the  diaphragm  M'ith  the  ccso])hagus, 
the  left  lying  on  its  front,  the  right  on  its  back  ;  in  tliis  way  they  reach  the  n])])er  and  lower 
surfaces  of  the  stomach  lesjtectively.  Here  they  unite  with  tlie  sympathetic  hbres  from  the 
cccliac  plexus  (an  offshoot  of  the  .solar  i)lexus),  which  jiass  to  the  stomach  with  the  liranclies  of 
the  cocliac  axis.  The  nerve  filires,  wliich  are  chiefly  non-niedullated,  form  two  gangliated 
l)lexuses,  those  of  Auerl)acli  and  Meissner,  in  the  muscular  and  submucous  coats  respectively. 

The  develojtment  of  the  stomach  is  described  with  that  of  the  intestines  on  page  10.55. 


intestines. 

As  tlie  coats  of  the  remaining  portions  of  the  digestive  tube  agree  in  many 
particulars,  it  will  lie  convenient  to  descrilie  the  general  structure  of  the  intestines 
here.  Subsequently,  any  peculiarities  of  structure  in  particular  regions  will  be 
descril)e(l  with  the  corresponding  division  of  the  tulie. 

Structuke  of  the  Intestines. 

'I'lie  wall  of  the  intestines,  like  that  of  the  stonuicli,  is  made  up  of  four  coats,  which 
are  named  from  without  inwards — serous  or  peritoneal,  muscular,  submucous,  and  nmcouis 
(Figs.  683  and  6S-1). 

1-  Serous  Coat  (tunica  serosa). — This  is  formed  (jf  pei'itonevmi,  and  confers  mi  tiie 


Fk;.  68.3. — A  Portion  of  Smai.i.  Intkstink.  with  Mksenteky  .\m)  Vessels.    The  peritoneal  co.it  lias  lieeii 
removed  from  tlie  rifilit  lialt,  ami  the  two  layei'.s  ot  tlie  muscular  coat  e.\posed. 

intestines  their  smooth  and  glossy  appearance.  It  varies  in  the  extent  to  which  it  clothes 
the  different  divisions  of  the  tube,  giving  the  duodenum,  the  ascending,  descending,  and 
iliac  colons,  and  the  rectum  only  a  })artial  covering;  whilst  it  clothes  the  jejumun  and 
ileum,  the  ciecum,  the  transverse  and  the  pelvic  colons  completely.     The  detailed 
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arrangement  ciF  this  coat  will  be  given  with  the  description  of  each  division  (jf  the 
intestinal  tube. 

'2.  Muscular  Coat  (tunica  nmscularis). — This  consists  of  unstriped  muscle  arranged 
in  two  layers — an  outer,  in  which  the  fibres  run  longitudinally,  and  an  inner,  in  which  they 
-are  circularly  disposed.  The  muscular  coat  is  thicker  in  the  duodenum  than  in  any  other 
part  of  the  small  intestine,  and  it  gradually  diminishes  in  thickness  until  the  end  of  the 
ileum  is  reached.  On  the  other  hand,  in  the  large  intestine,  it  is  thickest  in  the  rectum 
and  thinner  towards  the  beginning  of  the  colon. 

The  longitudinal  layer  (stratum  longitudinale)  of  this  coat  is  much  thinner  than  the 
underlying  circular  layer.  In  the  small  intestines  it  forms  a  complete  sheet,  continuous 
all  roiuid  the  gut  (Fig.  683),  but  thickest  at  its  free  margin  ;  whilst  in  the  large  intestine 
it  is  divided  up  into  three  longitudinal  bands  (Fig.  692),  known  as  the  tcenice  coli,  which 
will  be  more  fully  described  in  connection  with  the  colon. 

The  circular  layer  (stratum  circulare),  much  thicker  than  the  longitudinal  layer,  is 
composed  of  bundles  of  muscnlar  fibres  arranged  circularly  round  the  tube  (Fig.  683),  and 
forming  in  all  parts  a  continuous  sheet.  Unlike  the  longitudinal  fibres,  those  of  the 
circular  layer  take  part  in  the  formation  of  the  pyloric  and  ileo-csecal  valves. 

3.  Submucous  Coat  (tela  submucosa). — This  is  a  loose  but  strong  layer  of  areolar 
tissue  connecting  the  muscular  and  mucous  coats,  on  which  chiefly  depends  the  strength 
of  the  intestinal  wall.  In  addition  to  forming  a  bed  in  which  the  vessels  break  up  before 
entering  the  mucous 
coat,  it  contains  the 
glands  of  Bruniier  in 
the  duodenum  (Fig. 
684),  and  in  both 
small  and  large  in- 
testine the  bases  of 
the  solitaiy  glands  lie 
in  it  (Fig.  684). 

4.  Mucous  Coat 

(tunica  mucosa). — 
The  mucous  mem- 
brane constitutes  the 
inner  coat  of  the 
intestine,  on  which 
its  digestive  functions 
depend.  It  is  every- 
where composed  (Fig. 
684)  of  the  following 
jDarts  : — (1)  A  layer 
of  striated,  cohmmar, 
epithelial  cells,  rest- 
ing on  (2)  a  V)asement 
membrane.  Outside 
this  lies  (3)  a  layer  of 
retiform  tissue,  con- 
taining a  considerable 
number  of  scattered 

lymphoid  cells.  This  layer  is  limited  towards  the  submucosa  by  (4)  an  extremely  thin 
sheet  of  unstriped  muscle,  the  muscularis  mucosa,  which  is  not  visible  to  the  naked  eye. 
The  mucous  membrane  is  extremely  vascular,  particularly  in  the  small  intestine.  It  is 
thicker  in  the  duodenum  than  in  the  jejunum,  and  thicker  in  this  latter  than  in  the 
ileum. 

Throughout  both  the  small  and  large  intestines  the  substance  of  the  mucous  membrane 
is  closely  beset  witii  innumerable  small  (microscopic)  tubular  glands,  known  as  the  glands 
or  follicles  of  Lieberkiihn  (glandulsc  intestinales).  In  shape  they  are  minute  straight 
tubes — like  diminutive  test-tubes — with  their  mouths  opening  on  the  surface,  their  closed 
ends  lying  in  the  deeper  ])art  of  the  nuicous  coat,  and  their  cavities  lined  by  colimniar 
epithelium.  They  open  on  the  surface  between  the  villi  of  tlie  small  intestine,  and 
are  present  also  on  the  valvulse  conuiventes.  In  the  large  gut  their  orifices  are  found  all 
over  tiie  surface  of  the  mucous  membrane. 
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684.  —  Dlvgram  to  show  the  structure  of  the  small  and  large  intestine 
an<l  the  duodenum. 


Certain  special  developments  of  the  mucous  coat,  found  in  particular  regions  of 
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the  intestinal  tube,  must  next  l)e  considered :  these  are  the  (1)  villi ;  (2)  valvula' 
conniventes  ;  (3)  solitary  glands ;  and  (4)  aguiinated  glands,  or  Peyer's  patches. 

Villi  (villi  intestinales). — If  the  mucous  membrane  of  any  part  of  the  small 
intestine  be  examinetl,  it  is  seen  to  present  a  soft,  velvety,  or  lleecy  appaarance 
(Fig.  685,  B) ;  this  is  due  to  the  presence  of  an  enormous  number  of  minute  pro- 
cesses, known  as  villi,  which  cover  its  surface. 

Villi  are  minute  cylindrical  or  finger-like  projections  of  the  mucous  meml)rane 
(Fig.  684),  aljout  yVth  or  -^V^h  of  an  inch  (1'2  to  1'6  mm.)  in  height,  and  l)arely 
visible  to  the  naked  eye,  which  are  closely  set  all  over  the  surface  of  the  mucous 
membrane  of  the  small  intestine.  Beginning  at  the  edge  of  the  pyloric  valve,  they 
are  said  to  be  broader  but  shorter  in  the  duodenum,  and  to  grow  narrower  as  they 
are  followed  down  through  the  intestine  to  the  ileo-csecal  valve,  at  the  edge  of  which 
they  cease.  They  are  found,  not  only  on  the  general  surface  of  the  mucous 
membrane,  but  also  upon  the  valvular  conniventes,  and,  while  they  are  not  present 
over  the  solitary  glands,  they  are  found  in  the  intervals  between  the  individual 
nodules  of  the  Peyer's  patches. 

They  are  connected  with  the  absorption  of  tlie  products  of  digestion  which 
takes  place  in  the  small  intestine. 

Valvulse  Conniventes  (plica;  circulares). — When  the  intestine  is  empty  and 
contracted,  its  mucous  memljrane  may  in  places  l)e  thrown  into  effaceable  folds  or 
rugye,  which  disappear  on  distention.  But  in  addition  to  these,  there  are  found 
in  certain  portions  of  the  small  intestine  a  series  of  large,  permanent  folds,  which 
are  not  effaceable  ;  these  are  known  as  valvulae  conniventes  (Fig.  685).  They  are 
usually  more  or  less  crescentic  in  shape,  and  resemble  a  series  of  closely-placed 

They  rarely  form  more  than  two- 
thirds  of  a  circle  ; 
sometimes,  how- 
ever, they  present 
a  circular  or  even 
a  spiral  arrange- 
]uent,  the  spiral 
extending  little 
more  than  once 
round  the  tube, 
as  a  rule.  Occa- 
sionally they  bi- 
furcate at  one 
or  both  ends ; 
sometimes,  too, 
short  irregularly- 
directed  branches 
pass  off  from 
them.  They  are 
usually  about  2 
to  3  inches  (5  to 
7"o  cm.)  in  length, 
and  their  breadth,, 
that  is  their  pro- 
jection into  the 
tliickness,  as  seen 


shelves  running  transversely  around  the  gut 


Fill.  685. — Valvui,.k  Conniventks  (natural  sizu). 

A,  as  seen  in  a  bit  of  jejunum  wliicli  lias  been  filled  with  alcohol  and  hardened 
B,  a  portion  of  fresh  intestine  spreail  out  under  water. 


cavity,  may  be  as  much  as  ^rd  of  an  inch  (8  mm.),  whilst  in 
when  cut  acro.ss,  they  measure  about  ^th  inch  (3  mm.) 

They  are  composed  of  two  layers  of  mucous  membrane,  placed  ])ack  to  back, 
with  a  little  su))muco.sa  between,  to  l)ind  the  two  together,  and  are  covered  with 
viUi  and  Lieberkiihn's  glands.  Their  use  is  to  increase  tlie  amount  of  surface 
availal)le  for  secretion  and  absorption. 

ValvuliB  conniventes  are  not  found  in  the  upper  part  of  the  duodenum  for  a 
distance  varying  from  1  to  2  inches  (2"5  to  5  cm.)  from  the  pylorus.  Here  they 
begin,  and  are  at  first  small,  irregular,  and  scattered;  but  they  grow  gradually 
larger  as  we  pass  down,  and  when  the  opening  of  the  bile-duct  is  readied 
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(4  inches  from  the  pylorus)  they  have  become  distinct  and  prominent.  In  the 
rest  of  the  duodenum,  and  in  the  upper  half  of  the  jejunum,  they  are  highly 
developed,  being  large,  broad,  and  closely  set.  In  the  lower  half  of  the  jejunum 
they  become  gradually  smaller  and  fewer.  Passing  down  into  the  ileum,  they 
become  still  smaller  and  more  irregular,  and,  as  a  rule,  they  practically  cease  a  little 
l)elow  the  middle  of  the  ileum. 

The  mucous  membrane  covering  the  folds  possesses  villi,  solitary  glands,  and 
Lieberkiihn's  glands,  like  the  mucous  membrane  of  the  general  surface  between  the 
valves. 

■  Ol'teii  patches  of  valvulte  connivente.s,  much  reduced  in  size,  can  he  traced  to  within  a  sliort 
distance  of  the  ileo-ciecal  valve.  According  to  Sappey,  Liisclika,  and  otliers,  tliey  usually  reach  to 
within  two  or  three  feet  of  the  end  of  the  ileum. 

Tliey  are  said  to  be  absent  in  mammals,  with  the  exception  of  man  and  the  ornithorhynchus. 

Solitary  Glands  (noduli  lymphatici  solitarii). — These  are  minute  nodules  of  lym- 
phoid tissue,  opaque  and  of  a  whitish  colour,  found  projecting  on  the  surface  of  the 
mucous  membrane  throughout  the  whole  length  of  both  the  small  and  large  intestines. 

Isolated  lymphoid  cells  are  found  in  abundance  scattered  through  the  connec- 
tive tissue  layer  of  the  intestinal  mucous  memlirane  generally ;  in  places  these 
cells  are  gathered  together  to  form  little  nodules,  supported  l)y  a  framework  of  reti- 
form  tissue,  and  surrounded  by  a  lymphatic  space  which  communicates  below  with 
the  lymphatics  of  the  submucosa.  Such  a  collection  of  lymphoid  cells  constitutes 
a  solitary  gland.  They  are  usually  of  a  rounded  or  oval  shape  (Fig.  084),  the 
wide  end  resting  in  the  submucosa,  the  nodule  itself 
piercing  the  muscularis  mucosae,  and  the  narrow  end 
projecting  slightly  above  the  surface  of  the  mucous 
membrane.  In  size  they  vary  from  ^^th.  to  ^th  of  an 
inch  (-6  to  3"0  mm.),  but  their  average  bulk  is  about 
that  of  a  small  grain  of  sago,  to  which  they  bear 
some  resemblance. 

As  already  mentioned,  they  are  present  throughout 
the  small  and  large  intestines,  being  particularly 
abundant  in  the  vermiform  appendix  and  caecum. 
In  the  small  intestine  they  are  found  on  the 
valvulse  conniventes,  as  well  as  upon  the  general 
surface  of  the  mucous  membrane  l)etween  them. 

Peyer's  Patches,  or  Agminated  Glands  (noduli  lym- 
phatici aggregati,  tonsiUse  iutestinales).  —  A  Peyer's 
patch  consists  of  a  large  number  of  lymphoid  nodules 
grouped  closely  together  so  as  to  form  a  slightly  ele- 
vated area,  usually  of  an  oblong  form,  on  the  surface  of 
the  mucous  membrane  (Fig.  686).  In  length  they  vary 
from  half  an  inch  (12  mm.)  or  less  to  three  or  four 
inches  (100  mm.),  and  in  width  they  commonly  measure 
from  a  third  to  half  an  inch  (8  to  12  mm.).  Their 
number  is  varial)le,  Init  in  the  average  condition  about 
30  or  40  are  found.  They  are  best  marked  in  young 
subjects,  where  they  form  considerable  elevations 
above  the  general  surface,  and  may  he  as  many  as  45 
in  number.  After  middle  life  they  atrophy,  and 
in  old  age,  although  usually  to  be  fouiul,  they  are 
iiulistinct,  occasionally  being  marked  l)y  little  more 
than  a  dark  discoloration  of  the  mucous  memlirane. 
They  are  invarial)ly  situated  along  the  free  surface 
of  the  intestine  opposite  the  line  of  mesenteric 
attachment,  with  their  long  axis  corresponding  to 

that  of  the  bowel.  Consequently,  in  order  to  display  them,  the  tul)e  must  be  slit 
up  along  its  attaclied  or  mesenteric  border. 

Peyer's  patches  arc  entirely  confined  to  the  small  intestiiu",  being  largest  and 


I 


Solitary  glaml 


Iiitoru'ediate  form 


Fig.  686.  —  Peyeh's  Patch  and 
Solitary  Ulakds,  from  intestine 
of  cliilil  two  )-eavs  oM  (nntnral 
size). 

Near  the  lower  border  are  seen  a 
few  small  patolies  made  np  of 
two  or  three  lymiiliatie  nodules  ; 
they  are  marked  intermediate 
form. " 
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most  nuinei'dus  in  the  ileum,  particularly  in  its  lower  part,  where  they  iisually 
assume  an  oblong  shape  ;  in  the  lower  half  of  the  jejunum  tliey  are  small,  circular, 
and  few  in  numI)Br ;  in  its  upper  part  they  are  rare  ;  and,  although  their  presence 
has  l)een  noted  in  the  lower  portion  of  the  duodenum,  they  may  l)e  said  to  l)e 
as  a  general  rule  absent  from  this  division  (»f  the  intestine. 

Tlie  valvulaj  (■(Hiniveiite.s  stoji  at  the  margins  ot"  Fever's  jiatclies,  and  are  nut  continued  across 
tlieiu  ;  liut  villi  are  found  on  the  sni'i'ace  of  tlie  ])atclies,  in  the  intervals  between  the  lvni])hoid 
nodules. 

The  <'hief  liowel  lesion  in  fyjihoid  fever  is  found  in  Peyer's  patches  and  the  solitary  glands. 

Wlien  the  surface  of  a  Peyei-'s  jiatch  from  a  cliild's  intestine  (in  which  these  structures  ai'e 
particularly  well  developed)  is  carefully  e.xamined,  it  is  seen  to  be  made  up,  not  of  a  series  of 
separate,  rounded  nodules  grouped  together,  but  rather  of  a  number  of  wavy,  irregular,  and 
branching  ridges  connected  with  one  another  by  cross  branches  (Fig.  686),  the  whole  recalling  in 
miniature,  the  appearance  of  a  rai.sed  map  of  a  very  mountainous  district  in  which  the  chief 
chains  run  irregular  coui-.ses,  and  are  joined  to  one  another  by  connecting  ridges. 

Small  patches,  intermediate  in  form  between  solitary  glands  and  Peyer's  ])atches,  and  consist- 
ing of  two  or  three  l}^m])hoid  nodules,  are  also  usually  ])resent. 

THE  SMALL  INTESTINK 

The  small  intestine  is  the  portion  of  the  digestive  tu1>e  which  is  placed 
between  the  stomach  and  the  beginning  of  the  large  intestine.  It  commences  at 
the  pylorus,  where  it  is  continuous  with  the  stomach,  and  ends  at  the  ileo-crecal 
valve  l>y  joining  the  large  intestine.  It  occupies  the  greater  portion  of  the 
abdominal  cavity  below  the  liver  and  stomach  (Fig.  671),  and  is  found  in 
the  umbilical,  hypogastric,  and  l)oth  lumliar  regions;  also,  )>ut  to  a  less  extent,  in 
the  other  regions  of  the  abdomen,  and  in  the  pelvic  cavity. 

In  hngtli,  the  small  intestine  usually  measures  over  20  feet.  According  to 
.Treves,  it  is  22\  ft.  in  the  male,  23  in  the  female,  whilst  Jonnesco  gives  the  average 
length  at  24  ft.  7  ins.,  or  7|  metres.  In  form  it  is  cylindrical,  with  a  diameter 
varying  from  nearly  two  inches  (47  mm.)  in  the  duodenum  to  a  little  over  an  inch 
(27  mm.)  at  the  end  of  the  ileum;  there  is  thus  a  gradual  diminution  in  its 
size  from  the  pylorus  to  the  ileo-caecal  valve. 

This  portion  of  the  digestive  tube  is  divided  more  or  less  arl)itrarily  into  three 
parts  (Fig.  636) — namely,  the  duodenum,  constituting  tlie  first  eleven  inches,  dis- 
tinctly marked  off  from  the  rest  l)y  its  fixation  and  the  absence  of  a  mesentery  ;  the 
jejunum,  whicli  comprises  the  upper  two-fifths,  and  the  ileum,  the  lower  three-fifths 
of  the  remainder.  The  two  latter  parts  pass  imperceptibly  into  one  another, 
and  the  line  of  division  drawn  between  them  is  entirely  artificial ;  hovs^ever, 
if  typical  parts  of  the  two— namely,  the  beginning  of  the  jejunum  and  the 
end  of  the  ileum — be  selected,  they  differ  so  much  in  size  and  in  the  appearance 
presented  by  their  lining  mucous  membrane,  that  they  can  ])e  distinguished  from 
one  another  without  difficulty. 

Both  the  jejunum  and  ileum  are  irregularly  disposed  in  the  form  of  crowded 
loops  or  coils  (Fig.  670)  which  a.re  connected  to  the  posterior  abdominal  wall  by  a 
great  fan -shaped  fold  of  peritoneum,  containing  their  vessels  and  nerves,  and 
known  as  the  mesentery.  This  is  of  such  a  length  that  the  coils  are  al)le  to  move 
about  freely  in  the  abdominal  cavity,  and  consequently  the  position  occupied  liy 
any  portion  of  the  tube,  with  the  exception  of  the  beginning  of  the  jejunum  ami 
the  ending  of  the  ileum,  can  never  be  stated  with  certainty.  Nevertheless,  it 
may  be  said  that,  in  general,  the  jejunum  occupies  the  upper  and  left  portions  of 
the  cavity  below  the  stomach,  the  ileum  the  lower  and  right  divisions,  its  terminal 
part  almost  always  lying  in  the  pelvis,  just  before  it  joins  the  large  gut. 

The  small  intestine  is  i-elatively  longer  in  the  child  than  in  the  adult  ;  at  birth  it  is  to  the  total 
height  of  the  child  as  7  to  1,  whilst  in  the  adult  the  ^jrojiortion  is  as  4  to  1.  Notwithstanding 
Treves'  results,  it  is  generally  held  that  the  small  gut  is  relatively  longer  in  the  male  than  the 
female. 

It  should  i^erhaiJS  be  added  that  in  formalin-hardened  bodies  the  .small  bowel  larely  measures 
more  than  12  or  13  feet  in  length.  Similarly  its  diameter  is  often  j-educed  in  ])laces  to  h  or  ^ 
inch  (12-5  to  18-7  mm.),  although  the  greater  jiart  of  the  gut  may  I'ctain  its  usual  width  :  these 
narrow  jiarts  have  api)arentlv  ))een  fi.ved  in  a  state  of  contraction. 
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THE  DUODENUM. 

The  duodenum,  the  portion  of  the  dioestive  tube  which  iiuiiiediately  succeeds 
the  stomacli,  is  the  first  part  of  the  small  intestine,  and  differs  from  the  rest  of 
that  tube  in  having  no  mesentery,  and  also  in  l)eing  closely  fixed  to  the  posterior 
aJ)dominal  wall — conditions  which  are  evidently  assf)ciated  with  its  relation  to  the 
bile  and  pancreatic  ducts,  both  of  which  o])en  into  its  cavity. 

Shape  and  Divisions. — The  duodenum  l)egins  at  the  pylorus,  al)Out  the  level 
of  the  first  lunil)ar  vertebra,  and  ends,  after  a  somewhat  C-shaped  course,  at  the 
left  side  of  the  first  or  second  lumbar  vertebra  (Fig.  (387).  It  is  generally  described 
as  l)eing  made  up  of  three  parts,  namely : — (1)  The  first  or  superior  portion  which 
begins  at  the  pylorus,  passes  backwarils  and  to  the  right  lieneatli  the  liver,  and 
ends  at  tlie  neck  of  the  gall-bladder,  by  turning  down  and  joining  (2)  the  second 
or  descending  portion.  Tliis  begins  at  the  neck  of  the  gall-bladder,  runs  down 
l)ehind  the  transverse  colon  (Fig.  688),  and  ends  opposite  the  third  or  fourth 
]uml)ar  vertebra  by  turning  to  the  left,  and  passing  into  (3)  the  third  or  inferior 
portion.  This  at  first  runs  more  or  less  transversely  to  the  left,  across  the  vena 
cava,  and  then  ascends,  in  front  of  the  aorta,  as  far  as  the  under  surface  of  the 
pancreas,  where,  at  the  level  of  the  first  or  second  luml^ar  verteljra,  it  bends 
abruptly  forwards,  forming  the  duodeno-jejunal  flexure  (Fig.  687),  and  passes  into 
the  jejunum. 

Taking  the  whole  of  the  duodenum  together,  it  forms  an  irregularly  C-shaped 
curve,  with  the  opening  of  the  C  directed  upwards  and  to  the  left,  and  the 
ends  reacliing  to  within  a.bout  two  inches  of  one  another.  Within  the  concavity 
of  tlie  curve  the  ]iead  of  the  pancreas  is  placed. 

The  incomplete  ring  which  tlie  duodenum  makes  does  not  all  lie  in  the  same 
plane  ;  for,  whilst  its  greater  part  is  placed  in  a  transverse-vertical  plane,  the 
middle  portion  bends  strongly  l)ackwards,  round  tlie  right  side  of  the  vena  cava, 
and  lies  almost  in  a  sagittal  plane  (Fig.  687). 

Position  and  Size. — As  a  rule,  a  little  more  than  half  of  the  duodenum  lies 
in  the  epigastrium,  the  remainder,  namely,  al.)0ut  the  lower  third  of  the  descending 
portion  and  the  adjoining  two-thirds  of  the  inferior  or  third  portion,  are  placed  in 
the  umbilical  region.  With  the  exception  of  the  terminal  ascending  portion  of  the 
third  part,  the  whole  of  the  duodenum  lies  to  the  right  of  the  middle  line. 

Its  length  is  usually  about  11  inches  (27'5  cm.),  its  first  portion  being  the  shortest 
and  its  third  portion  the  longest.  Its  diameter  varies  considerably,  and  may  be 
stated  to  average  about  li  inclies  when  empty,  but  it  may  be  as  much  as  two 
inches  wlien  distended. 

Relations. — The  first  or  superior  portion  (pars  superior)  begins  at  the  pylorus 
opposite  the  first  lumbar  vertebra.  From  this  it  runs  to  the  right,  and  then 
])ackw;7rds,  l)eneath  the  liver,  when  the  stomacli  is  empty;  but  directly  backwards 
when  it  is  full ;  and  ends  at  the  neck  of  the  gall-l)ladder  by  turning  downwards 
and  passing  into  the  second  part.  Its  length  varies  from  about  l|  to  2  inches 
(3'7  to  5"0  cm.),  and  is  said  to  be  greater  when  the  stomach  is  empty  than  when 
distended. 

Its  relations  (Figs.  687  and  688)  are  as  follows : — Above  and  in  front  lies  the 
quadrate  lol)e  of  the  liver,  which  hangs  downwards  and  to  the  right  over  the  tul)e. 
Belotv,  it  rests  on  the  head  and  neck  of  the  pancreas  (the  latter  running  up  liehiud 
it  for  a  little  way).  Behind  it,  close  to  the  pylorus,  the  portal  vein  ascends  to  the 
liver,  and  the  bile  duct  with  the  gastro-duodenal  artery  passes  downw"ards.  Further 
to  the  right,  as  it  bends  liackwards,  it  lies  against  the  right  side  of  the  vena  cava. 

Its  peritoneal  relations  for  aliout  an  inch  from  the  pylorus  are  the  same  as  those 
of  the  pyloric  end  of  the  stomach,  that  is  to  say,  l)oth  the  anterior  and  posterior 
surfaces  are  covered,  and  the  lesser  and  great  omenta  are  attached  to  its  upper 
and  lower  liorders  respectively  (Fig.  688).  Beyond  this,  however,  only  the  anterior 
surface  has  a  serous  coat. 

Tile  peritoneal  covering  of  the  tirst  half  of  the  posterior  surface  is  derived  fi'oni  a  diver- 
licnluin  of  the  small  sac  which  nms  to  the  right  behind  the  duodenum  for  the  distance 
meutioiH'il. 
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Wliun  the  stoiuacli  is  distended,  the  first  inch  of  the  duodennni — which  is  niovaWe  on  account 
of  its  complete  peritoneal  covering — is  carried  to  the  right  with  the  pjdorus,  and  thus  brought 
into  line  with  tlie  second  or  terminal  half,  which  is  always  directed  backwards.  Hence  the 
whole  of  the  first  portion  of  the  duodenum  is  directed  backwards  when  the  stomach  is  full. 

The  second  or  descending  portion  (pars  descendeiis)  begins  at  the  neck  of  the  gall- 
Aorta 
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Flu.  687. — Thk  Visckha  a.nd  N'ksshi.s  o.\  thk  rosTEHioa  Ahdomixai.  Wai.i.. 

Tlie  .stniuiicli,  liver,  and  most  of  tlie  intestines  have  been  removed.  The  peritoneum  has  been  ))reserved  on  tlic 
right  kidney,  and  tlie  fossa  for  the  Spigelian  lobe.  In  taking  out  the  liver,  the  vena  cava  was  left 
behind.    The  stoniach-bed  is  well  shown.    (From  a  body  hardened  by  injection  of  chromic  acid.) 


bladder,  passes  do\vn  behind  the  transverse  colon,  and  ends  at  the  riglit  side  of 
the  third  or  fourth  hiniljar  vertelu'a.  In  length  it  measures  31  or  4  inches  (S^T  to 
10  cm.). 

In  front,  it  is  crossed  about  its  middle  by  the  beginning  of  the  transverse  colon 
( Fig.  688).    Al)Ove  the  colon,  it  is  in  contact  with  the  na,rrow  end  of  tlie  gall-liladder 


THE  DUODENUM. 


1017 


and  below  it  with  the  coils  of  the  small  intestine.  Behind,  it  is  connected  by  areolar 
tissue  to  the  inner  part  of  the  right  kidney,  with  its  ureter  and  renal  vessels ;  it 
is  also  related,  as  a  rule,  to  the  right  psoas  muscle  below  the  kidney  (Fig.  687). 
To  its  outer  or  right  side  lies  the  liver  (here  presenting  the  duodenal  impres- 
sion) above,  and  often  the  ascending  colon  below.  To  its  inner  side  are  the  inferior 
\'ena  cava  and  the  head  of  the  pancreas,  this  latter  overlapping  it  somewhat  in  front. 

The  common  bile  duct,  after  passing  down  behintl  the  first  portion  of  the 
duodenum,  descends  l_)etween  the  head  of  the  pancreas  and  the  second  portion, 
nearly  as  far  as  its  middle ;  here  it  is  joined  I  ty  the  pancreatic  duct,  and  the  two, 


Top  of  small  sac. 


Inferior  vena  cava 


IjRsser  omeiitinii  (cut) 
\ 

Right  lateral  ligament 
of 


r^eft  lateral  ligament  of  livi-i- 
/  aisO]ihageal  opening  in  diaphragm 

Gastro-]ihrenic  ligament 

/  Corresponils  to  '  nncovered  area  '  of  stomach 
lenic  omentum  (cut) 


I'l'au 


sverse  colon  crossing  duodenum  / 
Head  of  pancreas 
Great  omentum  (cut) 

Part  of  small  sac 


eno-colic  liganjeut 

eft  end  of  transverse  mesocolon 
Splenic  flexure  of  colon 
Transverse  mesocolon  (cut) 
Koofc  of  mesentery  (cut) 


Fi(i.  688. — The  Peritoneal  Relations  of  the  Duodenum,  Pancreas,  Spleen,  Kidneys,  etc. 

From  a  Iwily  liardeneil  by  injections  of  formalin.     In  removing  the  liver,  .stomach,  and  intestines  the  lines  o[' 
the  peritoneal  reHexions  were  carefully  preserved.    The  peritonenm  is  coloured  blue. 

piei'cing  the  wall  of  the  duodenum  obliquely,  open  by  a  common  orifice  on  its 
inner  aspect,  about  3i  to  4  inches  ■(8-7  to  10  cm.)  beyond  the  pylorus. 

Peritoneal  relations. — There  is  no  peritoneum  on  the  posterior  or  deep  "surface 
of  this  part,  whilst  its  superficial  or  anterior  surface  is  covered,  except  where  it  is 
crossed  l)y  the  colon  (Fig.  688). 

Wlien  the  beginning  of  tlie  ti'aiisver.se  colon  is  completely  covered  liy  ])ei-itoneuni,  and  has  a 
mesentery  (a  condition  which  often  seems  to  be  determined  by  a  liver  large  in  the  vertical  direc- 
tion), the  whole  of  the  anterior  surface,  with  the  exception  of  the  insignificant  area  between  the 
two  layers  of  the  transverse  mesocolon,  is  coA'ered  by  the  peritoneum. 

On  the  other  hand,  when  this  part  of  the  colon  has  no  mesentery,  it  lifts  the  peritoneum  off 
the  front  of  the  duodenum,  and  leaves  a  considerable  "uncovered  area,"  which  is  united  by 
areolar  tissue  to  the  back  of  the  colon. 
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The  third  or  inferior  portion  (]);irs  inferior)  begins  at  the  right  side  of  the  third 
or  fourth  hiinhar  vertelira.  From  tliis  it  first  runs  more  or  less  transversely  to  the 
left  across  the  vena  cava  (Fig.  (iST)  for  one  or  two  inches,  and  then  passes  very 
obliquely,  or  even  vertically,  upwards  in  front  of  the  aorta  and  left  psoas  muscle. 
Finally,  liaving  reached  the  lower  surface  of  the  pancreas,  it  liends  forwards,  and 
passes  into  the  jejunum.  Owing  to  the  different  directions  which  they  take,  we 
can  recognise  two  divisions,  a  transverse  and  an  ascending  terminal,  in  this 
portion  of  tlie  duodenum  (Fig.  687). 

In  front,  it  is  crossed  (aliout  the  junction  of  its  two  divisionsj  by  tlie  superior 
mesenteric  vessels,  and  also  by  the  root  of  the  mesentery  (Fig.  688).  On  each 
side  of  this  it  is  covered  by  coils  of  small  intestine.  Behind,  its  liorizontal  portion 
lies  on  the  vena  cava ;  its  ascending  portion  on  the  aorta,  the  left  renal  vessels, 
and  the  left  psoas  muscle,  all  of  which  separate  it  from  the  vertebral  colunm. 
Above,  it  is  closely  applied  in  its  whole  extent  to  the  heatl  of  the  pancreas.  Tlie 
/eft  side  of  the  ascending  terminal  fart,  which  is  free,  lies  in  contact  with  some  coils 
of  tlie  small  intestine. 

Peritoneal  relations. — The  third  portion  of  the  duodenum  is  covered  peri- 
toneum on  its  anterior  surface  throughout,  except  where  it  is  crossed  l)y  the 
superior  mesenteric  vessels  and  the  root  of  the  mesentery  which  contains  them 
(Fig.  688).  In  addition,  its  ascending  terminal  portion  is  also  clothed  l)y  this  mem- 
lirane  on  its  left  side;  ;uid  here  are  usually  found  one  or  two  small  peritoneal 
pouches  known  as  the  duodenal  fossae. 

Till'  attaclniR'nt  of  tlic  root  of  the  inc.seiitL'i-v  liegiiis  above  (|uite  close  to  the  duodeiio-jijiiiial 
flexure,  ou  the  front  of  the  cliiodeiiiuii  ;  from  tins  it  runs  down  on  the  anterior  as])ect  di'  the 
ascending  terminal  part,  and  finally  leaves  the  duodenuni  ahout  the  union  of  the  two  di\  isioiis 
of  its  third  portion. 

Duodenal  Fossae. — Ju  the  neighboiu-hood  of  the  ascending  part  of  tiic  third 
jjortion  of  the  duodeuuru  are  found  three  well-known  fossic  of  the  peritoneum  which  are 
of  some  suruical  interest ;  these  are  the  superior  and  inferior  duodenal  and  the  paraduo- 
denal fossa;  (Fig.  689).    Other  rarer  forms  are  occasionally  present. 

When  the  ascending  terminal  part  of  the  duodenum  is  drawn  over  to  the  right, 
and  the  angle  between  its  left  side  and  the  posterior  abdominal  wall  examined,  one  oi' 

"~  two  triangular  folds  of  {>eri- 

toneum  will  generally  be  found 
crossing  over  this  angle  from 
the  duodenum  to  the  abdo- 
minal wall.  Each  fold  has 
one  edge  attached  to  the 
duodenum,  another  to  the 
parietal  peritoneum  at  the  left 
of.  the  duodenum,  whilst  the 
third  is  free,  and  bounds  the 
opening  of  a  small  pouch  which 
lies  behind  the  fold.  One  of 
these,  the  superior  duodenal 
fold,  is  situated  near  the  ter- 
mination of  the  duodenum, 
with  its  apex  directed  up 
and  its  free  margin  down.  It 
sometimes  contains  between  its 
two  layers  the  termination  of 
the  inferior  mesenteric  vein. 
Itehiud  it  lies  the  superior 
duodenal  fossa,  the  opening  of 
which  looks  downwards,  and 
will  usually  admit  the  tip  of 
a  finger  (Kig.  689).  The  second,  known  as  f/ir  inferior  duodenal  fold,  is  placed  lower 
down,  at  the  side  of  the  same  part  of  the  duodenum.  Its  free  border  is  directed 
upwards,  as  is  the  mouth  of  the  inferior  duodenal  fossa,  which  lies  behind  it.  This 
latter  is  larger  and  more  constant  than  the  superior  duodenal  fossa,  and  is  present  in  7-'» 
per  cent  of  bodies,  whilst  the  superior  is  present  in  50  per  cent  (Jonnesco). 
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Ki(i.  689. — Thk  Duouknal  K()ss./e  .\nd  Folds. 

The  transver.se  colon  and  mesocolon  liave  been  thrown  up.  and  tin- 
mesentery  has  been  turned  to  the  right  and  cut.  The  paraduodenal 
fossa  (of  Landzert)  is  situated  to  the,  inner  side  of  the  inferior 
mesenteric  vein,  between  it  and  tlie  ti  riniiial  ]iart  of  the  duodenum. 
Ft  is  not  shown  in  the  illustration. 
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Paraduodenal  Fossa  (fossa  of  Landzert). — This  fossa,  wliicli  is  best  seen  in  the 
infant,  is  placed  some  distance  to  the  left  of  the  terminal  part  of  the  dnodenmn.  It  is 
produced  by  the  inferior  mesenteric  vein  raising  up  a  fold  of  peritoneum,  as  it  runs 
along  the  onter  side  of  the  fossa,  and  then  inwards  above  it  (see  Fig.  689,  where  the  vein, 
but  not  the  fossa,  is  shown).  It  is  limited  below  bv  a  special  fold  (the  mesenterico-meso- 
colic  fold).  According  to  Moynihan,  this  is  the  only  fossa  to  the  left  of  the  duodenum 
capable  of  developing  into  the  sac  of  a  hernia  ;  and  when  this  occurs,  the  inferior 
mesenteric  vein  always  lies  in  the  anterior  margin  of  the  orifice  of  the  sac  (accompanied 
for  some  distance  by  the  ascending  branch  of  the  left  colic  artery). 

In  addition  to  the  above,  a  duodeno -jejunal  fossa  at  the  front  of  the  duodeno- 
jejunal flexure,  and  five  other  fossse,  have — perhaps  luinecessarily — been  described  in 
this  region. 

Peritoneal  Eelations  of  the  Duodenum. — Whilst  the  i-elatioiis  of  the  peritoneum  to  the 
second  and  tliird  ])()i'ti(ius  nf  tlie  duodeniuii  are  usually  descriljed  as  in  the  foi'egoing  account,  it 
shoidd  perliai)s  lie  jxiinted  out,  tliat  it  is  not  really  the  front,  hut  the  right  halt  of  the  circum- 
ference of  tlie  descending  jiortion  which  lias  a  serous  coat.  Sinnlarly,  it  is  the  lower  and 
anterior  half  of  tlie  circunii'erence  of  the  transverse  jjart  of  the  third  portion  whicli  is  clothed 
l)y  jieritoneuni,  whilst  considerably  more  than  half  of  the  circumference  of  its  ascending  ternnnal 
part  is  covered  ;  for  the  peritoneum  forms  a  fold  running  in  Ijehind  this  part,  in  addition  to 
c<3vering  its  left  side  and  half  its  anterior  aspect. 

Interior  of  Duodenum. — No  valvulje  eouniventes  are  found  in  the  du(xleuiiiu 
for  an  inch  or  two  beyond  the  pylorus.  Here  they  l:)egin  ;  at  hrst  as  low,  scattered, 
and  irregular  folds;  further  down,  they  gradually  become  larger,  more  regular,  and 
more  numerous  ;  and  l)y  the  time  the  middle 
of  the- descendini^  stage  is  reached  thev  have 
attained  a  consideral)le  development.  In 
the  lower  part  of  the  duodenum  the  folds 
are  large,  prominent,  and  closely  set. 

On  the  inner  aspect  of  the  descending- 
portion,  about  its  middle — namely,  3h  or  4 
inches  (8'V  to  10  cm.)  beyond  the  pylorus 
— is  seen  a  prominent  papilla,  on  which  the 
l)ile  and  pancreatic  ducts  open  by  a  common 
orifice  (Fig.  090).  This  is  known  as  the 
bile  papilla  (papilla  duodeni ;  caruncula 
major  of  Santorini). 

The  liile  ])apilla  is  jilaced  beneath,  and  jirotected 
by,  a  ])roniinent,  hood-like  valvula  connivens,  which 
is  situated  iiumediatelv  above  it.  From  its  lower 
margin  a  tirm  ridge  of  the  mucous  mendirane  (the  ])lica  lougitudinalis  duodeni)  descends  toi- 
a.  considerable  distance,  and  acts  as  a  frenum,  which  fixes  the  ])a])illa  and  directs  its  ape.x 
somewhat  downwards  (Fig.  690).  Tlie  jiajiilla  is  pi-ominent,  and  ni])])le  or  dome-shaped,  and  at 
its  sunnnit  is  jdaced  the  small  oritice,  wliich  will  usually  adnn't  the  point  of  a  pencil  ;  the 
whole  liears  a  close  resemblance  to  the  nozzle  of  a  ]ierfunie-spray. 

Nearly  an  inch  higher  uj),  and  invarialily  on  the  ventral  side  of  the  bile  papilla  (sometimes 
as  nnich  as  a  5  to  |  inch  distant),  is  seen  a  second  and  smaller  ])ai)illa  (the  caruncula  ndnor  of 
Santorini),  at  the  point  of  whicdi  is  placed  the  very  small  orifice  of  the  accessory  ])ancreatic 
duct.  Tliis  second  paftilla  seems  to  be  constantly  jjresent,  although  sometinu'S  so  small  that  it 
may  easily  escajie  detection  unless  carefully  sought  for.  Wlien  well  developed,  it  may  haA'e  a 
hood-like  valvula  connivens  and  a  little  frenidnm,  like  those  of  the  bile  pa]>illa. 

Structure  of  the  Duodenum. — The  peritoneal  coat,  which  is  incomplete,  has 
already  been  described  in  detail,  in  connection  with  each  division  of  the  duodenum. 

The  muscular  coat  is  well  developed,  and  is  pierced  by  the  bile  and  pancreatic  ducts, 
but  otherwise  calls  for  no  special  description. 

The  submucosa  differs  from  that  of  the  rest  of  the  small  intestine,  in  that  it  con- 
tains, especially  in  the  upper  h;df  of  the  duodenum,  the  glands  of  Brunner  (glandulfe 
duodenales).  These  are  small  acinotubular  glands,  closely  resembling  the  pylo7-ic  glands 
of  the  stomach,  which  lie  in  the  subnnicous  coat,  and  send  tlieir  ducts  through  the 
nuiscularis  nuicoscB  to  open  on  the  surface  between  Lieberkiihn's  glands,  or  sometimes  into 
these  glands  themselves  (Fig.  684).  They  can  be  exposed  by  removing  the  peritoneal 
and  muscular  coats,  and  also  some  of  the  submucosa,  when  they  appear  as  little  round 
or  flattened  masses  of  a  reddish  gray  colour,  varying  in  size  from  Jjyth  to  j^^th  of  an  inch  in 
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diameter  ("5  to  2-0  mm.).  They  form  an  almost  continuous  layer  as  far  as  the  opeuiui:- 
of  the  bile  duct ;  beyond  this  they  diminish  progi'essively,  and  completely  disappear  near 
the  duodeno-jejunal  flexure. 

The  mucous  membrane,  which  is  thicker  in  tlie  duodenum  than  in  any  other  part  of 
the  small  intestine,  is  covered  throughout  with  broad  short  villi.  Its  other  character- 
istics have  been  already  fully  described. 

Various  Forms  of  Duodenum. — Three  different  types  of  duodi'uuui  have  been  described — 
(1)  The  annular,  in  wliicli  the  curves  se])arating  the  various  jiortioiis  are  open,  and  the  two 
extremities  come  fairly  close  to  one  another.  (2)  The  U-shaped,  in  which  the  transverse  part  of 
the  third  jiortion  is  very  long,  and  the  ascending  portion  nearly  vertical  ;  and  (3)  tlie  V-shaped 
duodenum,  in  which  the  transver.se  part  of  the  third  portion  is  very  short  or  al:)sent. 

Duodenal  Pouch. — A  diverticulum  of  tlie  duodenum,  ari.sing  from  its  left  si  le  just  aliove  the 
o])ening  of  the  bile  duct,  and  running  into  the  sulistauce  of  the  pancreas,  is  occasionally  found. 
It  is  possibly  connected  with  one  of  the  outgrowths  of  the  duodeniun  from  which  the  pancreas 
is  develo])ed  in  the  emljryo. 

Vessels  and  Nerves. — The  duodenum  receives  its  blood  from  the  superior  and  inferior 
pancreatico-duodenal  arteries,  branches  of  the  gastro-duodenal  and  superior  mesenteric  arteries 
respectively.  The  blood  is  retiu-ned  liy  the  corresponding  veins,  the  superior  of  which  opens  into 
the  su])erior  mesenteric,  and  the  inferior  into  the  beginning  of  the  portal  vein. 
■  The  lymphatics  pass  to  a  set  of  glands  placed  along  the  pancreatico-duodenal  arteries,  and 
thence  to  the  cccliac  glands. 

The  nerves  come  from  the  solar  plexus  of  the  sympathetic. 

Duodeno-jejunal  Flexure. — When  the  ascending  terminal  portion  of  the  duo- 
denum reaches  the  under  surface  of  the  pancreas,  af  a.  point  opposite  the  left 
side  of  the  first  or  second  lumbar  vertebra,  it  turns  abruptly  forwards,  downwards, 
and  to  the  left,  and  passes  into  the  jejunum.  This  abrupt  bend  is  known  as  the 
duodeno-jejunal  flexure.  Unlike  the  rest  of  the  duodenum,  which  is  subject  to 
consideral^le  variations  in  position,  the  duodeno-jejunal  flexure  is  fixed  by  a  thin 
l)and  of  unstriped  muscle,  which  is  attached  above  to  the  strong  connective  tissue 
around  the  coeliac  axis,  as  well  as  to  the  left  crus  of  the  diaphragm,  and  Itelow 
joins  tlie  muscular  coat  of  the  duodenum  at  the  flexure.  This  band  is  known  as 
the  suspensory  muscle  of  the  duodenum  (musculus  suspensorius  duodeni — Treitz). 

The  course  taken  l)y  the  gut  at  the  duodeno-jejunal  flexure  is  variable  :  the  chief  directions 
in  their  order  of  frequency  are — (1)  downwards,  forwards,  and  to  the  left ;  (2)  directly  foivvaiils 
and  downwards  ;  (3)  to  the  left,  and  then  downwards  ;  (4)  forwards  and  to  the  right  (Harnian). 

Some  of  the  fibres  of  the  suspensory  nuiscle  are  ,said  by  Lockwood  to  jiass  into  the  mesen- 
tery, and  he  con.sequently  calls  it  "  the  suspensory  muscle  of  the  duodenum  and  mesentery 
proper." 

THE  JEJUNUM  AND  ILEUM. 

Tlie  upper  two-fifths,  that  is,  about  8  feet  of  the  small  intestine  beyond  the 
duodenum,  are  known  as  tlie  jejunum  (intestinum  jejunum).  The  succeeding  three- 
fifths,  which  usually  measures  al)Out  12  feet,  constitute  tlie  ileum.  The  ileum 
opens  into  the  large  intestine  at  the  junction  of  the  ciecuni  and  ascending  colon, 
where  its  orifice  is  guarded  by  the  ileo-ctecal  valve. 

Both  the  jejunum  and  ileum  are  connected  to  the  parietes  by  a  large  fold  of 
peritoneum  —  the  mesentery — wliich  conveys  vessels  and  nerves  from  the  posterior 
abdominal  wall  to  these  divisions  of  the  intestine. 

The  part  of  the  tube  to  which  the  mesentery  is  connected  is  known  as  the 
mesenteric  or  attached  border,  the  opposite  side  is  the  free  border. 

The  mesentery  (mesenterium)  is  a  broad  fan-shaped  fold,  composed  of  two 
layers  of  peritoneum,  which  connects  the  small  intestine  to  the  back  of  the  abdomen. 
One  border  of  the  fold  is  wide  and  contains  the  intestine  within  it  (Fig.  68."> ). 
The  other,  known  as  the  root  of  the  mesentery  (radix  mesenterii),  is  comimra- 
tively  narrow,  being  only  6  or  7  inches  wide,  ])ut  it  is  much  thicker  than  the 
part  near  the  gut,  for  it  contains  between  its  layers  a  considerable  amount 
of  fatty  subperitoneal  tissue,  in  addition  to  the  la.rge  vascular  trunks  pass- 
ing to  the  intestine.  The  root  is  attached  to  the  posterior  abdominal  wall 
along  an  oblique  line,  extending  approximately  from  the  left  side  of  the 
second  lumbar  vertebra  to  the  right  iliac  fossa  (Fig.  G91).  In  this  course 
its  line  of  attacliment  passes  from  tiie  duodeno-jejunal  flexure  down  tlie  front  of 
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the  terminnl  .part  of  the  duodenum,  theu  oltliquely  across  the  aorta,  the  inferior 
vena  cava,  the  ureter,  and  psoas  muscle,  to  reach  the  right  ihac  region. 

The  opposite  liorder  of  the  mesentery  is  frilled  out  to  an  enormous  degree,  so 
that,  while  the  root  measures  but  6  or  7  inches,  the  free  Ijorder  is  extended  to 
some  20  feet,  thus  resembling'  a  fan,  one  l)order  of  which  may  be  twenty  or  thirty 
times  as  long  as  the  other.  The  length  of  the  mesentery,'  measured  from  its 
'root  to  the  "attached  edg^  of  the  intestine  directly  opposite,  usually  measures 
at  its  longest  part  about  6  inches  (8  or  9  inches,  Treves  and  Lockwood). 

Between  the  tivo  layers  of  the  mesentery  (Fig.  683)  are  contained  (a)  the 
intestinal  branches  of  the  superior  mesenteric  vessels,  accompanied  by  the  mesenteric 
nerves  and  lymphatics :  (&)  the  mesenteric  lymphatic  glands,  which  vary  from  40 
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Fig.  691. — The  ABDOiMiNAL  Viscera  aI'TEH  the  Removal  of  the  Jejunum  and  Ileum  (from  a  photograpli 
of  the  same  body  as  depicted  in  Fig.  670).  The  transverse  colon  is  much  more  regular  than  usual. 
Both  the  liver  aud  caecnm  e.xtend  lower  down  than  normal.  The  subdivisions  of  the  abdominal  cavity 
are  indicated  by  dark  lines. 

to  150  in  number;  (c)  a  consideral)le  amount  of  fatty  connective  tissue,  continuous 
with  the  extra-peritoneal  areolar  tissue  ;  and  (rf)  the  intestine  itself. 

The  peritoneum  from  the  right  side  of  tlie  mesentery  passes  out  on  the  jjosterior  alxlominal 
wall  to  clothe  the  ascending  colon,  and  above,  it  is  connected  by  a  fold  with  tlie  transverse  meso- 
colon. That  of  the  left  side,  similarly,  jvisses  across  the  parietes  to  the  descending  and  iliac 
colons. 

The  mesentery  begins  above,  immediately  beyond  the  ending  of  the  duodenum — that  is,  in 
the  angle  of  the  duodeno-jejunal  flexure — and  it  ends  below  in  the  angle  betM'een  the  ileum  and 
ascending  colon.  It  is  \vvy  short  at  each  end,  but  soon  attains  tlie  average  length.  Its  longest 
l)art  goes  to  the  portion  of  the  small  intestine  situated  Ijetween  two  points,  one  six  feet,  the  other 
eleven  feet  from  the  duodenum  (Treves). 

Whilst  the  root  of  the  mesentery  pursues  at  its  attachment  an  almost  straight  line  from  one  end 
to  the  otlier,  if  cut  across  a  A'ery  short  distance  from  the  posterior  alidominal  wall,  it  will  here  be 
found  to  form  a  wavy  or  tnidulating  line.  Further  out  still  this  condition  liecomes  more  and  more 
marked  ;  and  linally,  if  tlie  bowel  be  reniOA'ed  by  cutting  tliroiigh  tlie  mesentery  clo.'^e  to  its  attach- 
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iiieut  to  the  iutu!^tiual  wall,  it  will  .sei-u  tliat  it«  five  edge  is  not  only  uiululatiiig,  luit  is  I'rilK'il  or 
plaited  to  an  extreme  degree.  Wlieu  shown  in  this  way,  it  is  found  that  the  ])laiting  or  folding 
is  not  t^uite  indiscriminate,  lint  that  tin-  main  folds,  of  wliich  tliere  are  usually  six,  run  alter- 
nately to  the  right  and  left.  As  a  rule,  the  first  fold  runs  to  the  left  from  the  duodeuo- jejunal 
flexure,  and  goes  to  a  eoil  of  jejunum  which  lies  under  the  transverse  mesocolon,  and  hel])s  to 
support  the  stonuich  (this  coil  has  been  already  referred  to,  ]iage  1003).  The  second  fold  jiasses 
to  the  right,  the  third  to  the  left,  and  so  on  up  to  the  fifth  and  sixth,  wliicli  aie  usually  suiall. 
Fj'om  the  uiai-gins  of  these  primary  folds  secondary  folds  jirojed  in  all  directions,  and  from  these 
again  even  a  third  series  may  lie  formed. 

This  order  is  of  course  hy  no  means  constant,  hut  if  the  intestine  he  removed  from  a  hardened 
hody  in  the  way  suggested,  without  distui'liing  the  mesentery,  it  will  lie  found  to  be  arranged 
with  more  or  less  regulai'ity  on  some  such  plan  as  that  indicated. 

Arrangement  of  Coils  of  Small  Intestine. — Although  the  greatest  variety  is 
i'ouiid  ill  tlie  (lisp(»siti(iii  of  the  small  intestine,  and  it  is  iiupossihle  to  state  in  wliat 
regions  of  the  abdomen  the  different  parts  of  the  tube  will  i)e  found,  still  it  may 
1)6  said  that  in  general  the  jejunum  (as  might  be  expected  from  the  position  at 
which  it  liegins)  is  placed  aliove  and  to  the  left,  in  reference  to  the  ileum,  which 
latter  lies  below  and  to  the  right.  Again,  the  upper  part  of  the  jejunum  is  usually 
situated  to  the  left  of  the  (luodeno-jejunal  flexure,  in  contact  with  the  under 
surface  of  the  pancreas  and  transverse  mesocolon  :  and,  simihirly,  the  terminal  part 
of  the  ileum  almost  always  lies  in  the  pelvis,  from  which  it  passes  up  over  the 
right  side  of  the  pelvic  brim  to  reach  the  ileo-csecal  orifice.  Another  portion 
of  the  small  intestine  is  not  uncommonly  found  in  the  pelvis ;  this  is  the  part 
with  the  longest  mesentery,  and  lies  between  two  ])oints,  six  and  eleven  feet 
respectively  from  tlu'  duodenum  (Treves). 

Differences  between  Jejunum  and  Ileum. — If  the  small  intestine  l)e  followed 
down  from  the  duodenum  to  the  Cfecum  no  noticeaI)le  change  in  appearance  will 
l)e  found  at  any  one  part  of  its  course,  to  indicate  the  transition  from  jejunum  to 
ileum  ;  for  the  one  passes  insensibly  into  the  other.  Nevertheless,  a  graclual  change 
takes  place,  and  if  typical  parts  of  the  two,  namely,  the  upper  portion  of  the 
jejunum  and  the  lower  portion  of  the  ileum,  be  examined,  they  will  be  found 
to  present  characteristic  differences,  which  ttre  set  forth  in  the  following  table : — 


Jejunum. 

Ileum. 

Wider,  H  to  1^  iii(di  in  diameter. 
Wall,  thicker  and  heavier. 
Redder  and  more  vascular. 
Valvuhe  conniventes  well  deveh)ped. 
Peyer's  jjatches,  few  and  small. 

Narrower,  Ij  to  1  inch  in  diameter. 

Wall,  thinner  and  lighter. 

Paler  and  less  vascular. 

Valvule  conniventes  alisent  or  very  suiall. 

Peyer's  patches,  large  and  numerous. 

Tlie  villi  are  also  said  to  be  shorter  and  ))roader  in  the  jejunum,  more  slender 
and  filiform  in  the  ileum  (Eauljer). 

The  terminal  i)ortioii  of  the  ileum,  after  crossing  the  brim  of  the  pelvis,  runs 
upwards,  and  also  slightly  backwards  and  to  the  right,  in  close  contact  witli  the 
Ciecum,  until  tlie  ileo-ctccal  orifice  is  reached. 

Meckel's  Diverticulum  (divei  ticulum  ilei). — This  is  a  short  wide  protrusion  which  is  found 
springing  from  the  lower  ])art  of  the  ileum  in  a  little  over  2  per  cent  of  the  bodies  examined. 
It  is  usually  about  2  inches  long,  and  of  the  same  width  as  the  intestine  from  which  it 
comes  off.  Most  commonly  it  is  found  about  2|  feet  from  the  ileo-ciecal  valve,  and  opjiosite 
the  terndnation  of  the  sujierior  mesenteric  artery.  As  a  rule,  it  runs  at  right  angles  to 
the  gut,  and  its  end  is  free  ;  but  occasionally  it  is  adlierent  either  to  the  abdominal  wall, 
the  adjacent  viscei-a,  or  the  iiieseutery,  when  it  may  be  the  i-iuse  of  straugulatiou  of  the 
intestine. 

The  diverticulum  is  due  to  the  peisistence  of  the  proximal  j>ortion  of  the  vitelline  (or  vitelio- 
intestinal)  duct,  which  connects  the  primitive  intestine  of  the  embryo  with  the  yolk  sac.  In 
shajje  it  may  be  cylindrical,  conical,  or  cord-like,  and  it  may  present  secondary  diverticula  near 
its  tip.  It  ari.ses  most  frecpiently  from  the  free  border  of  the  intestine,  but  it  sometiuies  comes 
off  from  the  side.  It  lains  at  riglit  angles  to  the  gut  most  commonly,  l)Ut  it  may  assume  any 
direction,  and  it  often  is  provided  with  a  mesentery.  In  .3302  bodies  sjiecially  examined  with 
reference  to  its  existence,  it  was  present  in  73,  or  2'2  per  cent,  and  it  a]i])eared  to  be  unnv,  common 
in  the  male  than  in  the  female.  In  59  out  of  the  73  cases  its  position  with  reference  to  the  end 
of  the  ileum  was  exauiiued  :   its  average  distance  from  the  ileo-c;ecal  valve  was  322  hiches 
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measured  akiiig  Ilie  gut,  tlie  gicatetit  distance  l)eiiig  12  i'eet,  and  tlie  smallest  6  iuclies.  Tu 
52  si)eeimens  the  a\'erage  leiigtli  was  2-1  inches,  the  longest  being  5j  inches,  the  shortest  h  inch. 
The  diameter  usually  e([uals  tliat  of  the  intestine  from  which  it  springs;  hut  occasionally  it 
is  cord-like,  and  ])ervious  only  for  a  short  way  ;  on  the  other  hand,  it  may  attain  a  diameter  of 
3|  inches.  (The  foj-egoing  results  have  been  compiled  from  the  I'ejioi'ts  of  The  Collective, 
Investigation  of  the  Anatomical  Society  of  Great  Britain  and  Ireland — L.  J.  Mitchell,  Kelynack, 
Rogie,  and  Augier.) 

Vessels  and  Nerves  of  the  Jejunum  and  Ileum. — The  arteries  for  both  the  jejunum  and 
ileum — the  \-asa  intestini  tenuis — come  from  the  superior  mesenteric,  and  are  contained  between 
the  two  layers  of  the  mesentery.  Aftei-  breaking  u]i  and  forming  three  tiers  of  arches,  the  ter- 
luinal  fminches  (Fig.  683)  reach  the  intestine,  w  here  they  bifurcate,  giving  a  liraiich  to  each  .side 
of  the  gut.  These  latter  run  transversely  I'ound  the  intestines,  at  first  under  the  peritoneal  coat  ; 
soon,  however,  they  pierce  the  muscular  ccjat  and  form  a  plexus  in  the  submucosa,  from  which 
numerous  branches  pass  to  the  mucous  membrane,  where  some  form  plexuses  around  the  glands, 
of  Lieljerkiihn.  whilst  others  pass  to  the  villi.  The  veins  are  similarly  disjiosed,  and  the 
blood  from  the  whole  of  the  small  intestine  beyond  the  dtiodenum  is  jvtui-ned  by  the  su])erior 
mesenteric  vein,  which  joins  with  the  splenic  to  form  the  jwrtal  vein. 

'J'he  lymphatics  of  the  small  intestine  (known  as  lacteals)  l)egin  in  the  villi,  and  also  as 
lym])hatic  sinuses  suri'ounding  the  leases  of  the  solitary  glands  ;  a  large  i)lexus  is  formed  in  the 
submucosa,  a  second  between  the  two  layers  of  the  muscular  coat,  and  a  third  beneath  the 
jieritoneum.  The  vessels  from  all  these  jiass  up  in  the  I'uesentery,  l)eing  connected  on  the  way 
with  the  numerous  (from  40  to  150)  mesenteric- glands,  and  finally  unite  to  form  one,  or  a  few, 
intestinal  lymphatic  trunks,  which  ojien  into  the  receptaculum  chyli. 

The  nerves  conn;  frouL  the  solar  jilexus,  through  the  suj.erior  mesenteric,  which  latter 
accomjianies  the  superior  mesenteric  artery  lietween  the  layers  (.)f  the  mesentery,  and  thus 
reaches  the  intestine.  Some  of  the  fil)res  are  derived  ultimately  from  the  right  vagus.  The 
ner^'e-hbres  are  non-medullated,  anrl  form,  as  in  other  jiarts  of  the  canal,  two  gangliated 
])lexuses — that  of  Auerliach  in  the  muscular  coat,  and  the  plexus  of  Meissner  in  the  .sub- 
mucosa. 

Structure. — 'i'lie  serous  coat  is  complete  in  all  parts  of  the  jejiuuun  and  ileum, 
'i'he  muscular  coat  is  much  thicker  in  the  jejumim,  and  grows  gradually  thinner  as  it 
is  traced  down  along  the  ileum.  The  submucosa  contains  the  bases  of  the  solitary  glands 
(Fig.  6(^4),  but  otherwise  calls  for  no  s[)ecial  remark.  The  mucous  coat  is  thicker  and 
redder  above,  in  the  jejunum,  thinner  and  paler  in  the  ileum.  It  is  covered  throughout 
by  villi,  which  are  said  to  be  shorter  and  broader  in  the  jejunum,  longer  and  narrower 
in  the  ileum.  In  its  whole  extent  it  is  closely  beset  with  Lieberktihn's  follicles,  and 
numei'ous  solitary  glands  are  seen  projecting  on  its  surface.  Peyer's  patches  are 
particularly  large  and  numerous  in  the  ileum ;  they  ai'e  fewer,  smaller,  and  usually 
circula)-,  in  the  jejunum.  Finally,  the  mucous  membrane  forms  valvuhe  conniventes, 
which  are  largest  in  the  jejunum  ;  they  are  smaller  and  fewer  in  the  upper  part  of  tiie 
ileum,  and  usually  disappear  a  little  below  its  middle. 

THE  LAEGE  INTESTINE. 

The  ileum  is  succeeded  by  the  large  intestine  (intestiniun  crassum).  whicli 
begins  on  the  right  side,  some  2h  inches  lielow  the  ileo-cfecal  junction,  and  com- 
prises the  following  parts  : — 

1.  The  csecum,  a  wide  short  cul-de-sac,  consisting  of  the  portion  of  the  large 
1)0 wel  l)elow  the  ileo-c;ecal  junction.  It  lies  in  the  right  iliac  region,  and  from 
its  inner  and  back  part  a  worm-shaped  outgrowth,  the  vermiform  process,  is  pro- 
longed (Fig.  691). 

2.  The  ascending  colon  extends  from  tlie  caecum,  up  in  the  riglit  side  of  the 
a))domen,  to  the  liver:  here  the  gut  bends  to  the  left,  forming  the  hepatic  flexure, 
wliich  connects  the  ascending  colon  to  the  transverse  colon. 

3.  The  transverse  colon  is  a  long  loop  of  intestine  which  arches  across  the 
abdominal  cavity  in  an  irregular  manner.  It  ends  at  the  lower  extremity  of  the 
spleen,  where  it  turns  downward,  forming  the  splenic  flexure,  and  passes  into  the 
descending  colon. 

4.  The  descending  colon  runs  down  on  the  left  side,  from  the  splenic  flexure 
to  the  iliac  crest. 

5.  The  iliac  colon  extends  from  the  crest  of  the  ilium  to  the  brim  of  the  pelvis, 
wliere  it  is  succeeded  by  the  pelvic  colon. 

6.  Tlie  pelvic  colon  is  a  large  loop  of  intestine  which- is  usually  found  in  the 
pelvis.  The  iliac  and  pelvic  portions  of  the  colon  taken  together  are  commonly 
described  as  the  sigmoid  Jlexure  of  the  colon. 
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7-  The  rectum,  the  terminal  part  of  the  large  bowel,  succeeds  the  pelvic  colon, 
and  ends  at  the  anal  orifice. 

In  its  course  the  large  bowel  is  arranged  in  an  arched  manner  around  the 
small  intestine,  which  lies  within  the  concavity  of  its  curve  (Fig.  670). 

In  length,  the  great  intestine  is  equal. to  about  one-fifth  of  the  whole  intestinal 
canal,  and  usmdly  measures  1)etween  5  and  b'^  feet  (180  to  195  cm.).  Itshreadth  is 
greatest  at  the  caicum,  and  from  this — with  the  exception  of  a  dilatation  at  the 
rectum — it  gradually  decreases  to  the  anus.  At  the  ctecum  it  measures,  when 
distended,  about  '.i  inches  (75  ram.)  in  diameter;  l)eyond  this  it  gradually 
diminishes,  and  measures  only  Ih  inch  (37  mm.)  or  less  in  the  descending  ami 
iliac  divisions  of  the  colon. 

The  large  intestine,  with  the  exception  of  the  rectum  and  vermiform  appendix, 
may  be  easily  distinguished  from  the  regularly  e}'lindrical  small  intestine  by  (rt) 
the  presence  of  three  longitudinal  l)ands — the  taeniae  coli — running  along  its  surface 
(Fig.  692) ;  (/>)  by  the,  fact  tliat  its  walls  are  sacculated ;  and  (c)  l;)y  the  presence 
of  numerous  little  peritoneal  processes,  known  as  appendices  epiploicae,  projecting 
from  its  serous  coat.  In  addition,  the  larger  intestine  is  usually  wider  than  the 
small,  but  too  much  reliance  cannot  lie  placed  on  this  character,  for  the  jejunum  is 
often — indeed,  generally — wider  than  the  empty  descending  colon. 

Taeniae  Coli. — In  the  lar^e  bowel,  unlike  the  small,  the  lonijitudinal  filjres  of 
the  luuscular  coat  do  not  form  a  complete  layer,  continuous  all  round  the  tube. 


Appendices  epiploica' 

Vui.  692.— Large  Intestine. 

A  piece  ol'  transverse  colon  from  a  eliild  two  years  old.    The  three  cliief  characteristics  of  tlie  haye  intestiiu — 
saccnlations,  ta^niw,  anil  appendices  epiploica' — are  shown. 

but,  on  the  contrary,  are  broken  up  (Fig.  692)  into  three  bands,  known  as  the 
taeniae  coli.  I'hese  bands,  which  are  about  ^  inch  (6  nun.)  wide,  begin  at  the  base 
of  the  vermiform  appendix,  and  run  along  the  surface  of  the  gut  at  nearly  equal 
distances  from  one  another  until  the  rectum  is  reached.  Here  they  spread  out 
and  form  a  layer  of  longitudinal  muscular  fibres,  which  is  continuous  all  round  the 
tube  (see  page  lO^Ui).  The  liands  are  about  one-sixth  shorter  than  the  intestine  to 
which  they  belong ;  consequently,  in  order  to  accommodate  the  bowel  to  the  length 
of  the  ta,'nite,  the  gut  is  tucked  up,  giving  rise  to  a  sacculated  condition  (Fig.  692). 
Three  rows  of  pouches  or  saccules  are  thus  produced,  along  the  length  of  the  tube, 
between  the  tsemse.  If  the  tienise  be  dissected  off,  the  sacculations  disappear, 
the  intestine  becomes  cylindrical,  and  at  the  same  time  about  one-sixth  longer. 

The  appendices  epiploicae  (Fig.  692)  are  little  processes  or  pouches  of  peritoneum, 
generally  more  or  less  distended  with  fat,  except  in  emaciated  subjects,  which 
project  from  the  serous  coat  along  the  whole  length  of  the  large  intestine,  with  the 
exception  of  the  rectum  proper. 

When  the  interior  of  a  piece  of  distended  and  dried  large  intestine  is  e.Kamined,  its 
saccules  appear  as  rounded  pouches  (haustra),  separated  by  crescentic  folds  (plica; 
semilunares  coli),  ooiTcsponding  to  the  creases  on  the  exterior  separating  the  saccules 
from  one  another. 

TIk-  posit  iciii  ol'  tlie  three  tsenire  on  the  intestines  i.s  as  follows  : — On  tlie  ascending,  descending, 
and  iliac  colons  one  ta-nia  lies  on  the  anterior  aspect  of  the  gut,  and  two  behind,  namely,  one  to 
the  outeJ-  (jtostero-external),  the  other  to  the  inner  side  (postero-internal).    It  is  chietly  along 
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tlie  first  of  these  (the  anterior)  that  the  appendices  epiploicie  are  found.  On  the  ti'ansverse 
colon  their  arrangement  is  different,  but  is  rendered  exactly  similar  hy  turning  the  great 
omentum,  with  the  colon,  up  over  the  thorax.  On  the  transver.se  colon  in  the  natural  jjosition, 
the  anteiior  t;enia  of  the  ascending  and  descending  colons  becomes  the  posterior  (or  postero- 
inferior,  tienia  libera),  the  postero-external  becomes  the  anterior  (or  omental),  and  the  postero- 
internal the  superior  or  mesocolic.  The  anterior  and  postero-external  taenia  of  the  iliac  colon 
pass  below  on  to  the  front  of  the  pelvic  colon  and  rectum. 

In  Ibrmalin-hardened  bodies  poi'tions  of  the  large  intestine,  but  particularly  of  the  descending 
and  sigmoid  colons,  are  often  found  fixed  in  what  appears  to  be  a  state  of  contraction,  when 
they  are  reduced  to  a  diameter  of  about  f  or  |  of  an  inch  (16  to  19  mm.).  Under  similar  con- 
ditions parts  of  the  small  intestine  are  found  corresjjondingly  reduced. 

The  appendices  ej^iploicce,  although  generally  said  to  be  aljsent  in  tlie  fcetus,  can  be  distinctly 
seen  as  early  as  the  seventh  month,  Imt  at  this  time  they  contain  no  fat. 

Structure  of  the  Large  Intestine. — The  serous  coat  is  complete  on  the 
vermiform  a]>pendix,  c£ecum,  transverse  colon,  and  pelvic  colon  ;  incomplete  on  the 
ascending,  descending,  and  iliac  divisions  of  the  colon  and  on  the  rectum.  It  will  be 
described  in  detail  with  each  of  these  portions  of  the  intestine. 

The  mucous  coat  is  of  a  pale,  or  yellowish,  ash  colour  in  the  colon,  but  becomes  much 
redder  in  the  rectum.  Unlike  that  of  the  small  intestine,  its  surface  is  smooth,  owing  to 
the  absence  of  villi,  but  it  is  closely  studded  with  the  orifices  of  numerous  large 
Lieberkuhn's  glands.  Solitary  glands  are  also  numerous,  particularly  in  the  vermiform 
process  (Fig.  697). 

Vessels  and  Nerves. — The  ciecum  and  vei-miform  appendix  receive  their  blood  from  the 
ileo-colic  artery ;  the  ascending  colon  from  the  right  colic ;  and  the  transverse  colon  from  the 
middle  colic  which  lies  in  the  transvei'se  mesocolon.  These  are  all  branches  of  the  superior 
mesenteric  artery.  The  descending  colon  is  supplied  by  the  left  colic,  and  the  iliac  and  pelvic 
colons  by  the  sigmoid  arteries,  branches  of  the  inferior  mesenteric.  The  rectum  derives  its  blood 
from  the  three  haemorrhoidal  arteries,  which  will  be  described  with  that  division  of  the  gut. 

The  veins  correspond  to  the  arteries,  and  join  the  inferior  and  superior  mesenteric  vessels, 
which  send  their  blood  into  the  portal  vein. 

The  lymphatics  begin  in  the  mucous  membrane,  and  form  a  large  jilexus  in  the  sidjmucosa ; 
leaving  the  gut,  those  of  the  caicum,  ascending,  transverse,  and  upper  half  of  the  descending  colon, 
pass  to  the  mesocolic  glands,  which  lie  behind  the  ascending  and  descending  divisions  of  the  colon 
and  between  the  layers  of  the  transverse  mesocolon.  The  lymphatics  from  the  lower  half  of 
the  descending,  and  from  the  iliac  and  pelvic  colons,  join  the  left  lymphatic  trunk  of  the  lumbar 
glands.    Those  of  the  rectum  will  be  described  later. 

Nerves.  —  The  nerves  come  from  the  superior  mesenteric  plexus,  an  offshoot  of  the  solar 
plexus,  and  from  the  inferior  mesenteric, 
a  derivation  of  the  aortic  plexus.  The 
arrangement  is  similar  to  that  of  the 
nerves  of  the  small  intestine. 
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After  leaving  the  pelvic 
cavity,  as  already  descriljed,  the 
terminal  portion  of  tlie  small 
intestine  passes  upwards,  back- 
wards, and  to  the  right,  and 
opens,  by  the  ileo-eaecal  orifice, 
into  the  large  intestine  some  2| 
inches  from  its  lower  end.  The 
portion  of  the  large  gut  which 
lies  below  the  level  of  this  orifice 
is  known  as  the  caecum  (caput 
caecum  coli).  In  shape  (Fig.  693) 
it  is  a  wide,  unsymmetrical,  or 
lop-sided  cul-de-sac,  furnished 
with  the  tsenite  and  sacculations  usually  found  in  the  large  intestine.  Its  lower 
end  or  fundus  is  directed  downwards  and  inwards,  and  usually  rests  on  the  front 
of  the  right  psoas  muscle,  close  to  the  brim  of  the  pelvis ;  whilst  the  opposite 
end  is  directed  upwards  and  outwards,  and  is  continued  into  the  ascending  colon. 

Its  unsymmetrical  form  is  due  to  the  fact  that  the  outer  and  inner  portions  of  the  organ 
undergo  an  unequal  development  in  the  child.    The  inner  (or  inner  and  posterior)  section  lags 
65 


Tieniaj  coli' 
Orifice  of 


Fit;.  693. — Cjeuum  showinc;  Ileo-c.-ecal  Valve. 

The  caecum  has  been  distended  with  air  and  dried,  and  a  portion 
of  its  anterior  wall  has  been  removed. 
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iH'liind,  wliilst  the  outer  (or  outer  and  anterior)  division  grows  much  more  rapidly,  and,  pro- 
jecting do-H'uwards,  soon  comes  to  form  the  lower  end  or  fundus  of  the  ctecum.    As  a  result  the 
original  extremity  of  the  gut,  with  the  vermiform  process  sjiringing  from  it,  is  hidden  away  - 
behind  and  to  the  inner  side  of  the  fundus. 

Ill  leM(jth  the  distended  ctecum  usually  measures  aljout  2|  inches  (60  mm.) ; 
whilst  its  breadth  is  usually  more,  and  averages  al)out  3  inches  (75  mm.). 

Position. — It  is  situated,  when  normal,  almost  entirely  within  the  right  iliac 
region  of  the  abdomen,  immediately  above  Poupart's  ligament ;  but  its  lower  end 
projects  inwards  in  front  of  the  psoas  and  reaches  the  hypogastrium  (Fig.  699). 
On  the  other  hand,  it  is  sometimes  found,  even  when  quite  healthy,  higli  up  in 
the  right  luniliar  region  (owing  to  the  persistence  of  the  foetal  position),  or  hanging 

over  the  pelvic  Inim  and  dipping  into 
the  pelvic  cavity  to  varying  extents. 

In  the  great  majority  of  cases  the 
cjecum  is  completely  covered  by  peri- 
toneum on  all  aspects,  and  lies  quite 
free  in  the  abdominal  cavity.  In  a 
small  })roportioii,  namely,  al)0ut  0  or  7 
per  cent  of  bodies,  the  posterior  surface 
(probably  as  a  result  of  adhesions)  is 
not  completely  covered,  but  over  a 
greater  or  less  portion  of  its  extent  is 
bound  down  to  the  posterior  abdominal 
wall  l)y  connective  tissue. 

Relations. — Behind,  the  csecuiu  rests 
(111  the  ilio-psoas  muscle;  generally,  too, 
on  its  own  vermiform  process  and  the 
external  iliac  arterj\  In  front,  it 
usually  lies  in  contact  with  the  anterior 
abdominal  wall ;  sometimes,  however, 
.^vhen  the  CcEcuni  is  empty,  the  small 
intestine  intervenes.  Its  outer  side  is 
placed  immediately  above  the  outer  half 
of  Poupart's  ligament  (Fig.  699),  wliilst 
the  inner  side  has  the  termination  of  the 
ileum  lying  in  contact  with  it.  On  the 
inner  and  posterior  aspect,  but  more  on 
the  former  than  the  latter,  the  small 
intestine  joins  the  ca?cum.  On  the 
same  aspect,  and  usually  about  1 }  inches 
(31  mm.)  lower  down,  the  vermiform 
process  comes  off. 

The  interior  of  the  CtECum  corre- 
sponds in  general  appearance  to  that 
of  the  large  intestine ;  but  it  presents 
two  special  features  on  the  posterior 
part  of  its  inner  wall,  namely,  the  ileo- 
caecal  orifice,  guarded  by  the  ileo-cseoal 
valve,  and  lielow  this  the  small  opening 
of  the  vermiform  appendix,  both  of  which 
call  for  further  notice. 

Ileo-csecal  Valve  (valvula  coli).^ — 
Where  the  ileum  enters  the  large  in- 
testine, the  end  of  the  small  gut  is,  as 
it  were,  thrust  through  the  wall  of  the 
large  bowel,  carrying  with  it  certain 
layers  of  that  wall,  which  project  into  the  caecum  in  the  form  of  tv^o  folds,  lying 
respectively  above  and  below  its  orifice,  and  constituting  the  two  segments  of  the 
ileo-CcGcal  valve  (Fig.  695).    The  condition  may  be  compared  to  a  partial  inversion 
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Fig.  694. — Three  Forms  of  Ii,eo-c«cal  Valve,  from 
bodie.s  hardene.l  by  intravascular  injections  of 
formalin. 

The  hardening  was  not  so  complete  in  tlie  case  of  tlie 
highest  of  the  three  ^■alves  represented.  In  each 
a  bristle  is  passed  through  the  oritice  of  tlie  vernu- 
forni  appendi.x. 
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or  telescoping  of  the  small  into  the  large  intestine  :  it  must  be  added  that  the 
peritoneum  and  longitudinal  muscular  fibres  of  the  bowel  take  no  part  in  this 
infolding ;  on  the  contrary,  they  are  stretched  tightly  across  the  crease  produced  on 
the  exterior  by  the  inversion,  and  thus  serve  to  preserve  the  fold  and  the  formation 
of  the  valve. 

As  seen  from  the  interior,  in  specimens  which  have  Ijeen  distended  and  dritd 
(Fig.  69.")),  the  valve  is  made  up  of  two  crescentic  segments — an  upper,  in  a  more 
or  less  horizontal  plane,  forming  the  superior  margin  of  the  aperture ;  and  a  lower, 
which  is  also  larger,  placed  in  an  oblique  plane,  and  sloping  upwards  and  inwards 
(i.e.  towards  the  cavity  of  the  caecum).  Between  the  two  segments  is  situated  the 
slit-shaped  opening,  which  runs  in  an  almost  antero  -  posterior  direction,  with  a 
rounded  anterior  and  a  pointed  posterior  extremity  (Fig.  693).  At  each  end  of 
the  orifice  the  two  segments  of  the  valve  meet,  unite,  and  are  then  prolonged 
around  the  wall  of  the  cavity  as  two  prominent  folds  —  the  frenula  (frenula 
valvultB  coli).  It  is  thought  that  when  the  caecum  is  distended,  and  its  circum- 
ference thereby  increased,  these  frenula  are  put  on  the  stretch,  and,  pulling  upon 
the  two  segments  of  the  valve,  they  bring  them  into  apposition,  and  effect  the 
closure  of  the  orifice. 

The  position  of  the  ileo-csecal  orifice,  in  the  average  condition,  may  be  indicated 
on  the  surface  of  the  body  by  the  point  of  intersection  of  the  intertuliercular  and 
Poupart  lines.  A  point  1  to  l  i  inches  (2'5  to  o'7  cm.)  lower  down  would  correspond 
to  the  orifice  of  the  vermiform  process. 

Ill  bodies  liardened  in  situ  witli  formalin,  the  valve  and  orifice  present  an  entirely  different 
appearance  (see  Fig.  694,  in  wliieli  tliree  different  forms  of  liardened  valves  are  shown),  suggesting, 
much  more  closely  than  in  the  dried  state,  the  ajipearance  of  telescoping  or  invei'sion  mentioned 
above.  In  them  also  the  two  segments  of  the  valve  are  much  thicker  and  sliorter,  but  tliey  can 
always  be  distinguished,  and  are  found  to  liear  the  same  relation  to  one  another  as  in  the  dried 
condition,  although  this  may  be  obscured  Ijy  foldings  or  ruga?.  The  aperture  may  be  slit-like  or 
rounded,  with  sloping  or  infundilmliform  edges  ;  tlie  frenula  are  not  so  pi'ominent  at  times  ;  but 
the  whole  valve  projects  much  more  abruptly  into  the  cavity  of  the  cajcum  than  in  the  distended 
and  dried  specimen. 

Structure  of  the  Ileo-caecal  Valve. — Each  se}jment  of  the  valve  is  formed  of  an 
infolding  of  all  the  coats  of  the  gut,  except  the  peritoneian  and  the  longitudinal  muscular 
fibres,  and  consequently  it  consists  of  two  layers  of  mucous  membrane,  witli  tlie  sub- 
mucosa  and  the  circular  muscular  fibres  between,  all  of 
which  are  continuous  with  those  of  the  ileum  on  the  one 
hand  and  of  the  large  intestine  on  the  other.  The  surface 
of  each  segment  turned  towards  the  small  intestine  is 
covered  with  villi,  and  conforms  in  the  structure  of  its 
mucous  membrane  to  that  of  the  ileum  ;  wliilst  the  mucous 
membrane  of  the  ojaposite  side  resembles  the  mucous  coat 
of  the  large  bowel. 

In  the  dried  specimen  the  upper  segment  usually  projects 
further  into  the  cavity  of  the  cjecum  than  the  lower,  so  that 
the  aperture  appears  to  he  placed  l)etween  the  edge  of  the 
lower  segment  and  the  under  surface  of  the  upper. 

There  is  little  doubt,  as  pointed  out  by  Symington,  that 
the  efficiency  of  the  ileo-ctecal  valve  is  largely  due  to  the 
oblique  manner  in  which  the  ileum  enters  or  invaginates  the 
ciBcum  ;  this  oblique  passage  alone,  as  in  the  case  of  the  ureter 
piercing  the  wall  of  the  bladder,  would  probably  be  sufficient 
to  prevent  a  return  of  the  cajcal  contents.  In  the  gi'eat 
majority  of  cases,  when  in  position  within  the  l)ody,  the  ileum 
is  perfectly  protected  from  such  a  return,  although  when  the 
parts  are  removed,  and  then  distended  witli  fluid,  this  often 
passes  through  the  valve,  and  reaches  the  small  intestine. 
Still,  the  efliciency  of  such  a  test,  applied  when  the  parts 
are  deprived  of  their  natural  supports,  cannot  be  relied  upon. 

The  size  of  the  segments  of  the  valve,  as  seen  in  the  dried 
condition,  varies  considerably  ;  they  are  sometimes  very  imperf 
has  been  recorded.    But  here  again  there  is  danger  of  falling 
the  parts  under  such  artificial  conditions. 

Development  of  Caecum  and  Appendix.— The  crecum  first  appears  in  the  embryo,  at  about 
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Fig.  695.  —  Diaghammatic  Section 
through  the  junction  ok  ileum 
with  c^cum,  to  show  the 
Formation  op  the  Ileo-c;ecal 
Valve. 

■ct ;  and  even  the  absence  of  Ijoth 
into  error,  through  examininof 
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tlie  fifth  Week,  as  a  small  outgrowtli  of  tlie  wall  of  tlie  primitive  gut  (mid-gut),  not  vet 
dift'erentiated  into  small  and  large  intestines.  At  tliLs  time  the  outgi'owth  is  of  the  same  size 
thi'ougliout,  and  is  practically  equal  to  the  intestines  in  diameter.  About  the  eleventh  week, 
whilst  the  large  and  small  Ijowels  are  still  of  the  same  width,  it  has  increased  ^•ery  considerably 
in  length  (being  equal  to  about  five  times  tlie  diameter  of  the  small  intestine,  and  thus  being 
i-elatively  as  long  as  in  the  adult) ;  but  even  at  this  early  date  the  basal  portion,  for  about  one- 
fifth  of  its  lengtli,  is  quite  as  wide  as  the  intestine,  wliilst  the  remaining  four-fifths  of  the  out- 
growth— the  future  a])])endix — is  only  about  one-half  or  one-third  the  diameter  of  the  gut. 
From  this  it  is  seen  that  the  distal  portion  of  tlie  outgrowth,  which  subsecpieutly  becomes  the 
vermiform  i)rocess,  begins  to  lag  l)eliind  even  at  this  early  jieriud  of  its  develoinuent. 

The  Ijasal  portion  continues  to  expand  with  the  gut ;  the  distal  jiart  grows  rapidly  enough 
in  length,  but  otherwise  enlarges  very  slowly,  so  that,  towards  the  end  of  fcEtal  life,  the  Ciecum 
has  attained  a  conical  shape,  the  wider  end  joining  the  ascending  colon,  the  narrow  end  tapering 
gradually  and  passing  into  the  vermiform  jirocess.  This  form,  known  as  the  infantile  type  of 
c;ecuni,  is  retained  for  some  time  after  birth,  or  e\'en  may  (in  "2  or  3  per  cent  of  cases)  persist 
throughout  life. 

As  early  as  the  sixth  or  seventh  month  of  fcctal  life  the  wall  of  the  terminal  portion  of  the 
small  intestine  adheres  to  the  inner  side  of  the  ciecuni  for  some  distance  below  tlie  ileo-ciecal 
orifice.  And  this  connexion,  which  is  rendered  more  intimate  by  the  passage  of  two  folds  of 
jieritoneum,  one  on  the  front,  the  other  on  the  back,  between  the  two  parts,  iirofoundly  modifies 
the  sidisequent  growth  of  the  ca'cuni,  and  determines  very  lai'gely  its  adult  form.  For,  when  the 
c;ecum  begins  to  expand,  the  inner  asjject  is  prevented,  by  its  connexion  with  the  termination 
of  the  ileum,  from  enlarging  as  freely  as  the  rest  of  the  wall ;  in  consequence  of  this  the  outer 
])art  grows  and  expands  much  more  rajndly,  producing  the  lop-sided  appearance  already  referred 
to,  and  soon  comes  to  form  the  lowest  part  or  fundus  of  tlie  ciecuni,  and  tlie  greater  part  of  its 
sac ;  whilst  the  original  apex,  with  the  vermiform  appendix  springing  from  it,  anchoi'ed,  as  it 
were,  to  the  end  of  the  ileum,  is  thrust  to  one  side,  and  finally  lies  on  the  inner  and  posterior 
aspect  of  the  caecum,  a  little  way  below,  and  usually  posterior  to,  the  end  of  the  ileum. 

Tlie  ])osition  of  the  caecum  varies  at  difl'erent  periods  of  foetal  life.  About  the  eleventh  or 
twelfth  week  it  lies  immediately  beneath  the  liver,  and  to  the  left  of  the  middle  line  ;  it  then 
gradually  travels  to  the  right,  crossing  the  de.scending  duodenum,  and  is  found  lying  on  the 
right  side,  just  beneath  the  liver,  at  the  fourth  montli.  From  this  it  descends  slowly  to  its 
adult  jwsition,  which  it  usually  approaches  towards  the  end  of  fcctal  life,  l)ut  it  may  not  actually 
I'each  it  until  some  time  after  birth.  An  imperfect  descent  gives  ri.se  to  tlie  lumljar  position  of 
the  caecum,  or  an  excess  in  this  direction  to  the  pelvic  positicm  (referred  to  on  ]>.  1026). 

Types  of  Csecuni. — Three  chief  types  of  caecum  may  be  distinguished — Uiefa'tal  type,  conical 
in  shaix'  and  nearly  ■  symmetrit'al,  with  the  lower  end  gradually  jiassiug  into  the  vermiform 
ap])ennix  ;  the  iiifaritiie,  in  which  the  passage  front  the  c;ecum  to  the  vermiform  process  becomes 
more  abrupt,  the  outer  wall  more  prominent,  and  the  whole  sac  more  unsynimetrical ;  and  the  lop- 
sided adult  form,  as  described  above,  which  is  the  condition  found  in  93  or  94  per  cent  of  adults. 

Structure. — Nothing  in  the  arrangement  of  tlie  mucous  and  submucoiis  coats  calls 
for  special  notice.  The  taenia;  or  longitudinal  bands  of  the  muscular  coat  all  spring 
from  the  base  of  the  vermiform  ayipendix  (l^ig.  696) ;  the  anterior  runs  up  on  the  front, 
internal  to  the  main  prominence  of  the  ca3cum ;  the  postero-external  runs  up  behind  this 
])romineucc  ;  whilst  the  postero-intenial  passes  directly  upwards  behind  the  ileum  (Fig. 
696).  The  longitudinal  fibres  oil  the  upper  aspect  of  the  ileum  partly  join  the  postero- 
internal taenia ;  those  on  the  front  and  back  join  the  circular  fibres  of  the  large  gut. 

The  serous  coat  has,  in  connexion  with  it,  certain  folds  and  fossae  which  are  described 
at  p.  1030. 

Vermiform  Process  or  Appendix  Cseci  (Eig.  698). — The  appendix  is  a  worm- 
like  tuliular  outgrowth  which  springs  from  the  iuiier  and  hack  part  of  the  csecuiu 
about  1  to  1}t  inches  (2'5  to  3'75  cin.)  behiw  the  ileo-Ccecal  orifice.  From  this  it 
generally  runs  in  one  of  three  chief  directions,  namely — (1)  over  the  brim,  into  the 
pelvis ;  (2)  upwards  behind  the  cpecum ;  or  (3)  upwards  and  inwards  towards  the 
spleen  ;  each  of  which  lias  been  considered  to  be  the  normal  position  by  one  or 
more  oljservers.  In  the  first  of  these  situations  it  is  quite  evident  as  it  hangs 
over  the  pelvic  brim;  in  order  t()  expose  it  in  the  second,  the  caecum  mitst  be 
turned  upwards ;  whilst,  in  the  third  position,  it  lies  behind  the  end  of  the  ileum 
and  its  mesentery,  and  these  must  be  raise'd  up  in  order  to  display  it.  In 
addition  to  the  positions  just  mentioned,  it  has  been  found  in  almost  every 
possible  situation  in  the  abdomen  which  its  lengtli  woidd  allow  it  to  attain.  In 
every  case  the  anterior  tainia  of  the  crecum,  which  is  always  distinct,  offers  tlie 
surest  guide  to  the  process,  the  liase  of  which  can  he  located  with  certainty  by 
following  this  tfenia  to  the  back  of  the  cfecum  (Fig.  696). 

Its  size  is  almost  as  variable  as  its  position.  Taking  tlie  average  of  ntimerous 
measurements,  its  length  may  be  given  as  about  oh  inches  (92  mm.,  Berry),  audits 
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breadth  as  j  inch  (6  mm.,  Berry).  On  the  other  liand,  it  has  been  found  as  long  as 
9  inches  (2;:)0  mm.),  and  as  short  as  |  inch  (18  mm.).  Even  its  absence  lias  been 
recorded  (Fawcett). 

Its  hcmen  or  cavity  is  variable  in  its  development,  and  is  found  to  be  totally 
or  partially  occluded  in  at  least  one-fourth  of  all  adult  and  old  bodies  examined. 
This  is  looked  upon  as  a  sign  of  degeneracy  in  the  process,  which  is  by  many 
considered  to  be  undergoing  a  gradual  obliteration  in  the  human  species. 
It  opens  into  the  cavity  of  the  caecum  on  its  inner,  or  inner  and  posterior  aspect 
(Fig.  693),  at  a  point  1  to  IJ  inches  (2-5  to  3'8  cm.)  below,  and  somewhat  behind 
the  ileo-cseca!  orifice.  These  are  the  relative  positions  of  the  two  orifices,  as  seen 
from  the  interior  of  the  caecum ;  viewed  from  tlie  exterior,  the  base  of  the  appendix 
is  witliin  |  inch  of  the  lower  border  of  the  ileum.  This  apparent  difference  is  due 
to  tlie  fact  that  tlie  ileum  adheres  to  the  inner  side  of  the  ctecum  for  a  distance  of 
nearly  1  inch  before  it  opens  into  it. 

Sometimes  the  orifice  of  the  appendix  has  a  crescentic  fold  or  valve  (valvula 
processus  vermiformis)  placed  at  its  upper  border;  but  it  is  prol)a]:)ly  of  very  little 


Fio.  696. — The  Blood  Supply  op  the  Caecum  and  Vermifor.m  Appendix. 

Tlie  illustration  to  the  left  gives  a  front  view,  in  that  to  the  right  the  caecum  is  viewed  from  hehiml.  In  the 
latter  the  artery  of  the  appendix,  and  the  three  tajnia  coli  springing  from  the  base  of  the  a]ipeudix, 
should  be  specially  noted  (modified  from  Jonnesco). 

functional  importance  when  present,  for  the  aperture  of  the  appendix  is  usually  so 
small  that  its  cavity  is  not  likely  to  be  invaded  by  the  contents  of  the  caecum. 

The  vermiform  process  is  completely  covered  by  peritoneum,  and  has  a  con- 
siderable mesentery,  the  oneso-a/ppendix  (mesenteriohim  processus  vermiformis), 
which  extends  to  its  tip  as  a  rule,  and  connects  the  process  to  the  under  surface  of 
that  part  of  the  mesentery  proper  which  goes  to  the  lower  end  of  the  ileum. 

The  appendix  is  relatively,  to  tlie  rest  of  the  large  intestine,  longer  in  the  child  at  hirth  than 
in  the  adult,  the  23i'oportion  being  about  1  to  16  or  17  at  birth  and  1  to  19  or  20  in  the 
adult.  (The  difference  is  certainly  not  as  great  as  stated  by  Ribbert,  who  makes  the  ^^roportion 
1  to  10  at  Ijirth  and  1  to  20  in  the  adult.)  The  process  attains  its  greatest  length  and  diameter 
during  adult  and  middle  age,  and  atrophies  slowly  after  that  time.  It  is  said  to  be  slightly 
longer  in  the  male  tlian  in  the  female. 

Total  occlusion  of  its  cavity  is  found  in  3  or  4  per  cent  of  bodies  ;  it  is  then  converted  into  a 
fibrous  cord.  Partial  occlusion  is  present  in  25  jjer  cent  of  all  cases,  and  in  more  than  50  per  cent 
of  those  over  60  years  old,  whilst  it  is  unknown  in  the  child.  This  frequency  of  occlusion,  the 
physiological  atrojihy  which  takes  place  after  middle  life,  the  great  variations  in  length,  and  other 
signs  of  instability,  have  been  considered  to  jjoint  to  the  retrogressive  character  of  the  appendix. 

A  vermiform  process  is  found  only  in  man,  the  higher  apes,  and  the  womljat,  although  in 
certain  rodents  a  somewhat  similar  arrangement  exists.  In  carnivorous  animals  the  crecum  is  very 
slightly  developed  ;  in  herbivorous  animals  (with  a  simple  stomach)  it  is,  as  a  rule,  extremely  large. 
It  has  been  suggested  that  the  vermiform  process  in  man  is  the  degenerated  remains  of  tlie 
hevljivorous  caecum,  which  has  been  rejjlaced  by  the  carnivorous  foruL  Another  and  perhaps 
more  probable  view  regards  the  appendix  as  a  lymphoid  organ,  having  the  same  functions  as 
Peyer's  patches,  and  like  these  untlergoing  degeneration  after  middle  life  (Berry). 
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In  the  fccUis  and  c.liild,  as  well  as  in  the  adnlt  with  the  infantile  type  of  c<T.cniii,  the  a]ipendix 
springs  from  the  true  apex,  not  from  the  inner  and  ])osterior  aspect. 

Foi'eign  l)odies,  although  rei)ute(l  to  find  theii-  way  very  easily  into  the  ajjpendix,  are  rarely 
found  there  after  death.  On  the  other  hand,  concretions  or  calculi,  formed  of  mucus,  faices,  and 
•\'arious  salts,  are  often  present  (Berry). 

Structure  (Fig-.  G97). — Tlie  serous  coat  is  complete,  and  forms  a  perfect  investment 
for  the  process.  The  muscular  coat,  unlike  that  of  the  rest  of  the  large  intestine,  has  a 
continuous  and  stout  layer  of  longitudinal  fibres,  which  passes  at  the  root  of  the  process  into 
the  three  tasnife  coli  (Fig-  698).  The  layer  of  circular  fibres  is  well  developed.  The 
submucosa  is  almost  entirely  occupied  by  large  masses  of  lymphoid  tissue  surrounded  by 
sinus-like  lymph  spaces.  Owing  to  the  large  size  of  these  lymphoid  nodules,  the  areolar 
tissue  of  the  submucosa  is  compressed  against  the  inner  surface  of  the  muscular  coat,  and 
forms  a  well-marked  fibi'ous  ring,  which  sends  processes  at  intervals  between  the  lymphoid 
masses  towards  the  mucous  membrane.  The  inner  portion  of  this  fibrous  ring  seems  to 
have  been  generally  mistaken  for  the  muscularis  mucosae,  which  latter,  as  seen  in  Fig. 
697,  lies  internal  to  the  chief  masses  of  lymphoid  tissue,  and  not  outside  it,  as  figured 
by  Testut.     These  lymphoid  nodule.s,  which  correspond  to  solitary  glands,  have,  owing  to 
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Fig.  697. — Structure  of  thk  Vermiform  Appendix. 

A.  From  a  child  two  years  old.  B.  From  a  male,  age  56. 

It  will  be  oUserved  that  the  .submucosa  is  almost  entirely  occupied  by  lymphoid  nodules  and  patches.  The 
muscularis  inucosic  is  very  faint,  and  lie;s  quite  close  to  the  bases  of  Lieberkiihn's  glands.  The  longi- 
tudinal layer  of  muscular  fibres  forms  a  continuous  sheet. 

their  great  number,  been  almost  completely  crushed  out  of  the  mucosa  (in  which  they 
chiefly  lie  in  the  intestine)  into  the  submucosa. 

The  mucous  coat  corresponds  to  that  of'  the  large  intestine  in  its  general  characters, 
but  the  Lieberkiihn's  glands  are  fewer,  and  irregular  in  their  dii'cction  ;  the  muscularis 
mucosae  is  thin  and  ill-defined  ;  it  lies  just  intei'ual  to  the  lymphoid  nodules  of  the  sub- 
mucosa, and  immediately  outside  the  base  of  Lieberkiihn's  glands.  Some  few  lymphoid 
nodules  lie  in  the  mucous  coat  also. 

Blood-vessels  of  the  Caecum  and  Vermiform  Appendix  (Fig.  696). — These  parts  are 
supplied  with  Wood  by  the  ileo-csecal  artery.  This  gi\'es  off,  near  the  upper  angle  formed  by 
the  junction  of  the  ileum  with  the  small  intestine — («)  an  anterior  ca'cal  artery,  which  passes 
down  on  the  front  of  the  ileo-ca'cal  junction  to  the  cajcum,  and  breaks  u])  into  numerous  branches 
for  the  supi)ly  of  that  part ;  (b)  a  posterior  caral  artery,  similarly  disposed  on  the  back  ;  and  (c) 
the  artenj  of  the  ap'pendix.  The  last-named  branch  passes  down  l)ehind  the  ileum  (Fig.  696),  then 
enters  the  mesentery  of  the  ajjpendix,  and  running  along  this  near  its  free  border,  sends  off  several 
branches  across  the  little  mesentery  to  the  ap])endix,  before  finally  ending  in  it.  The  course 
of  the  artery  behind  the  ileum  is  said  to  render  it  subject  to  pres.sure  from  fecal  masse.s  in  that 
gut,  and  thus  to  predisjiose  to  an  interference  with  the  supply  of  the  appendix,  and  morbid 
changes  in  the  i)rocess.  It  has  also  been  said  that  the  appendix  receives  a  small  branch  from  the 
left  ovarian  artery  in  the  female — a  statement  which  I  have  been  unable  to  vei-ify. 

The  veins  eori-esi)ond  to  the  arteries.  The  lymphatics  pass  with  the  vessels  to  join  a  few 
small  glands  which  are  found  in  the  mesentery  of  the  ajjjjendix  at  its  base,  the  effei'ent  vessels 
from  whii'h  join  the  mesocolic  glands  behind  the  ascending  colon. 

Caecal  Folds  and  Fossae. — The  peritoneum  forms  in  the  neighbourhood  of  the 
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CEecuni  certain  fossfe,  of  which  the  most  interesting  and  important  are — («)  the  retro- 
caical  or  retro-colic  fosssu ;  (b)  the  ileo-cjecal  fossa ;  and  (<•)  the  ileo-colic  fossa. 

The  retro-colic  fossae  (Fig.  698,  B)  are  only  occasionally  present,  and  are  exposed  by 
turning  the  caecum  and  adjacent  part  of  the  ileum  upwards.  Two  forms,  external  and 
internal,  are  described ;  the  first  lies  behind  the  outer  part  of  the  ascending  colon, 
immediately  above  the  caecum ;  the  second  behind  its  inner  part.  These  fossae  are 
specially  interesting  because,  when  present,  they  frequently  lodge  the  vermiform  pro- 
cess (see  Fig.  698,  B),  a  condition  which  is  said  to  favour  the  production  of  appendicitis. 

Ileo-caecal  Fossa  and  Fold. — If  the  appendix  be  drawn  down,  and  the  finger  run 
towards  the  cfecum,  along  the  lo^oer  border  of  the  terminal  part  of  the  ileum,  its  point 
will  generally  run  into  a  fossa  situated  in  the  angle  between  the  ileum  and  caecum  (Fig. 
698,  A)j  wiiich  is  known  as  the  ileo-caecal  fossa.  The  fold  which  bounds  the  fossa  in  front 
is  the  ileo-caecal  fold  (the  "  bloodless  fold  of  Treves  ").  It  passes  from  the  ileum  to  the 
front  of  the  meso-appendix,  which  latter  forms  the  posterior  wall  of  the  fossa. 

Ileo-colic  Fold  and  Fossa. — Similarly,  if  the  finger  be  run  out  along  the  ujjjxr  border 
of  the  ileum  towards  the  caecum,  it  will  usually  lodge  in  a  smaller  fossa,  the  ileo-colic,  which 


Fig.  698. — The  C^ecal  Folds  and  Fossj?. 

In  A,  the  c:eeum  is  viewed  from  the  front  ;  the  mesentery  of  the  appendi.'c  is  distinct,  and  is  attached  above 
to  tlie  nnder  surface  of  the  portion  of  the  mesentery  going  to  the  end  of  the  ileum.  In  B,  the  caBcnm 
is  turned  upwards  to  show  a  retro-caecal  fossa,  wliioh  lies  behind  it  and  the  beginning  of  the  ascending 
colon. 

is  bounded  in  front  by  a  small  peritoneal  process,  the  ileo-colic  fold  (Fig.  698,  A),  containing 
the  anterior  caecal  arterj'. 

THE  COLON. 

The  ascending  colon  (colon  ascendens)  begins  about  the  level  of  the  inter- 
tubercular  line,  opposite  the  ileo-cfecal  orifice,  where  it  is  continuous  with  the  caecum. 
From  this  it  runs  upwards  and  somewhat  backwards,  with  a  slight  concavity  to 
the  left,  until  it  reaches  the  under  surface  of  the  liver,  where  it  bends  forwards 
and  to  the  left,  and  passes  into  the  hepatic  flexure  (Fig.  699).  In  its  course  it 
lies  in  the  angle  between  the  quadratus  lumhorum  behind,  and  the  more  pn'ominent 
psoas  internally  (F"ig.  673). 

It  is  situated  chiefly  in  the  right  lumbar  region,  but  it  extends  slightly  into 
the  hypochondrium  above ;  and,  although  it  usually  begins  about  the  level  of  the 
intertubercular  line,  still  with  a  low  position  of  the  cfecum  it  will  extend  further 
d(jwn,  and  may  occupy  a  considerable  part  of  the  iliac  region. 

Its  length  is  about  8  inches  (20  cm.),  and  it  is  wider  and  much  more  prominent 
than  the  descending  colon.  It  generally  presents  several  minor  curves  or  flexures, 
and  it  often  has  the  appearance  of  being  pushed  into  a  space  which  is  too  short 
to  accommodate  it. 

Relations. — In  front,  it  is  usually  in  contact  with  tlie  abdominal  wall,  but  the 
small  intestine  frequently  intervenes,  particularly  al)0ve  (Fig.  670).    To  its  inner 
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side  lie  the  coils  of  tlie  small  bowel  and  the  psoas ;  to  the  outer  side  is  the  lateral 
wall  of  the  abdomen.  Its  i^^sterior  surface,  which  is  free  from  peritoneum  as  a 
rule  (Fig.  673),  is  connected  by  areolar  tissue  to  the  iUacns  muscle  as  far  up  as 
the  crest  of  the  ilium,  to  the  quadratus  hunliorum  above  this,  and  finally  to  the 
lower  and  outer  part  of  the  right  kidney. 

In  the  great  majority  of  cases  only  the  two  sides  and  the  anterior  surface  are 
covered  by  peritoneum,  the  posterior  suiface  being  destitute  of  a  serous  coa;t  (Fig. 
073).  In  a  small  proportion  of  l)odies,  however,  the  ascending  colon  is  provided 
with  a  complete  peritoneal  coat  and  a  mesentery,  but  this  latter  is  so  short  that  it 
admits  of  ])ut  a  slight  amount  of  movement  in  the  gut. 

Like  tlie  csecuin,  the  ascending  colon  is  frequently  found  distended  with  gas  or  f;eces  after 
death,  hence  in  part  its  large  size  and  jtrominence  as  compared  with  the  descending  colon,  whic  h 
i.s  generally  empty. 

Hepatic  Flexure  (fiexura  coli  dextra).— The  hepatic  flexure  is  the  ])ent  piece 
of  the  large  intestine  between  the  end  of  the  ascending  and  the  1)eginning  of  tlie 
transverse  colons  (Figs.  G(S8  and  699). 

When  the  ascending  colon,  lying  on  the  front  of  the  kidney,  reaches  the  under 
surface  of  the  liver,  it  bends — usually  acutely,  sometimes  obtusely — forwards  and 
to  the  left,  and  on  reaching  the  front  of  the  descending  duodenum,  passes  into  the 
transverse  colon. 

The  flexure  is  placed  between  the  descending  duodenum  internajly  and  the 
lower  thin  margin  of  the  liver,  or  the  lateral  abdominal  wall,  externally:  aliove,  it 
corresponds  to  the  colic  impression  on  the  liver,  and  l)eliind  it  rests  on  the  kidney. 
Its  peritoneal  relations  are  similar  to  those  of  the  ascending  colon. 

Transverse  Colon  (colon  transversum). — This  is  the  long  and  arched  portion  of 
the  large  intestine  which  lies  between  the  hepatic  and  splenic  flexures.  It  begins 
where  the  colon  crosses  the  descending  duodenum  at  the  end  of  the  hepatic  flexure 
(Fig.  699).  From  this  it  runs  transversely  to  the  left,  and  for  the  first  few- 
inches  is  comparatively  fixed,  l)eing  united  to  the  front  of  the  descending  duo- 
denum and  tlie  head  of  the  pancreas  eitlier  by  a  very  short  mesentery  or  by  areolar 
tissue.  Immediately  beyond  this  a  long  mesentery  is  developed,  which  allows  the 
colon  to  hang  down  in  front  of  the  smaU  intestine,  at  a  considerable  distance  from 
the  posterior  abdominal  wall.  Towards  its  left  extremity  the  mesentery  shortens 
again,  thus  bringing  the  gut  towards  the  tail  of  the  pancreas  (Fig.  688),  along 
which  it  runs  upwards  into  the  left  liypochondrium,  under  cover  of  the  stomach, 
as  far  as  the  lower  end  of  the  spleen,  where  it  passes  into  the  splenic  flexure 
(Fig.  687).  Its  two  ends  lie  in  the  right  and  left  hypochondriac  regions  respect- 
ively, whilst  its  middle  portion  hangs  down  into  the  umbilical,  or  even  the 
hypogastric  region. 

Its  average  length  is  al)0ut  19  or  20  inches  (47"5  to  oO'O  cm.),  that  is  more 
than;  twice  the  distance,  in  a  direct  line,  between  its  two  extremities.  This 
great  length  is  accounted  for  by  the  very  irregular  course  wliicli  tlie  bowel 
pursues. 

Relations. — Tlie  greater  part  of  tlie  transverse  colon  lies  behind  the  great 
omentum,  which  must  consequently  be  turned  upwards  in  order  to  expose  it. 
Ahore,  it  is  in  contact,  from  right  to  left  (Fig.  699),  with  the  liver  and  gall-bladder, 
the  stomach,  and,  near  its  left  end,  with  the  tail  of  the  pancreas  and  lower  end  of  the 
spleen  (Fig.  (588).  In  front  are  placed  the  omentum  and  the  anterior  alidominal 
wall ;  towards  its  termination  the  stomach  is  likewise  in  front.  Behind,  it  first  lies 
in  contact  with  the  descending  duodenum  and  head  of  the  pancreas ;  beyond  this, 
where  it  hangs  down,  the  small  intestine  is  placed  below  and  behind,  and  it  is  con- 
nected to  the  posterior  alidomirial  wall  (more  correctly,  to  the  anterior  border  of  the 
pancreas)  by  the  transverse  mesocolon.  It  is  also  loosely  connected  to  the  stomach 
l)y  the  great  omentum,  which  is  attached  to  its  anterior  surface.  The  transverse 
mesocolon  and  the  great  omentum  are  described  with  the  peritoneum,  p.  1046. 

The  transverse  colon  is  completely  covered  by  peritoneum,  with  the  exception 
of  the  first  few  inches  of  its  posterior  surface,  which  are  often,  if  not  usually, 
uncovered. 
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Tlie  state  of  the  peritoneal  coveriug  on  tlie  back  of  the  first  part  of  the  transverse  colon 
would  seem  to  depend,  in  some  degree,  on  the  extent  to  which  the  liver  j^asses  downwards  on 
the  right  side.  With  a  small  high  liver  no  mesentery  is  present,  and  the  posterior  surface  is 
devoicl  of  peritoneum  ;  on  the  other  liand,  when  the  liver  is  enlarged  in  the  vertical  direction, 
it  pushes  the  coloir  downwards  before  it,  and  brings  tlie  upper  line  of  the  peritoneal  reflection 
fron\  its  back,  into  contact  with  the  lower,  thus  giving  rise  to  the  mesentery.  In  the  foetus  of 
three  or  four  months  every  part  of  the  colon  is  supplied  with  a  long  mesentery  ;  subsequently 
this,  as  a  rule,  disappears  at  the  beginning  of  the  transverse  colon,  but  it  may  l.)e  reproduced  in 
the  manner  stated. 

Splenic  Flexure  (tiexura  coli  sinistra). — The  terminal  p<jrtion  of  the  trans- 
verse colon  runs  upwards  (also  backwards  and  to  the  left)  until  the  lower  end  or 
base  of  the  spleen  is  readied ;  here  it  bends  sharply,  forming  the  splenic  flexure, 


Ijiver 


Attachment  of 
falciform  ligament 


Hepatic  flexure 


Apex  of  vermiform 
appendix 

Terminal  part  of  ileum 


Csecum 


Stomach 


Spleen  (anterior  basal 
angle) 

Splenic  flexure 

Transver.se  mesocolon, 
with  stomach  resting 
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Descending  cnlnn 


ffija| — Root  of  mesentery  (cut) 


Pelvic  (sigmoid) 
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Pelvic  colon  (sigmoid 
'■'M  flexure) 


Bladder 


Fig. "^699. — The  Abdominal  Viscera  after  the  Removal  op  the  Jejunum  and  Ileum  (from  a  photograpli 
of  the  same  body  as  depicted  in  Fig.  670).  The  transverse  colon  is -much  more  regular  than  usual. 
Both  the  liver  and  ccecum  extend  lower  down  than  normal.  The  subdivisions  of  the  abdominal  cavity 
are  indicated  by  dark  lines. 

and  runs  down  into  the  descending  colon.  The  flexure  is  placed  deeply  in  the  left 
hypochondrium,  behind  the  stomach,  and  in  contact  with  the  base  of  the  spleen. 
It  lies  at  a  higher  level  than  the  hepatic  flexure,  and  is  connected  to  the 
abdominal  parietes  by  the  phreno-colic  ligament,  which  helps  to  maintain  it  in 
this  position. 

Phreno-colic  or  Costo-colic  Ligament  (ligamentum  phrenocolicum,  Fig.  688). — 
This  is  a  triangular  fold  of  peritoneum,  with  a  free-  anterior  liorder,  which  is 
attaclied  internally  to  the  splenic  flexure  and  externally  to  the  diaphragm  opposite 
the  eleventh  rib.  Owing  to  the  fact  that  the  base  of  the  spleen  rests  upon  it,  the 
ligament  has  also  received  the  name  of  sustentaculum  lienis. 

The  phreno-colic  ligament  is  formed  in  the  fcctus  from  the  left  margin  of  the  great  omentum 
(.Jonnesco  and  Fig.  688). 

Tlfe  jieritoneal  covering  of  the  splenic  flexure  is  similar  to  tliat  of  the  descending  colon. 
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Descending  Colon  (colon  desceiKlens). — This  is  imich  narrower  and  less  olitrusive 
than  the  ascending-  colon.  It  begins  in  the  left  h}'pochondrium  at  the  splenic 
flexure,  passes  down  on  the  left  side  of  the  alxloineu,  and  ends  in  the  lumltar  region, 
opposite  the  crest  of  the  ilium,  by  passing  into  the  iUac  colon.  Its  course  is  not 
(juite  straight,  for  it  first  curves  downwards  and  inwards  along  the  outer  side  of  the 
left  kidney,  and  then  descends  almost  vertically  to  the  iliac  crest  (Fig.  699). 

Its  length  is  usually  from  4  to  6  inches  (10  to  15  cm.),  and  its  vndth,  which  is 
very  much  less  than  that  of  the  ascending  colon,  a])out  1^  inches  (37  nun.). 

Relations. — The  descending  colon  hrst  lies  in  contact  with  the  outer  aspect  of 
the  left  kidney ;  below  this  it  descends,  like  the  colon  of  the  opposite  side,  in  the  angle 
between  the  psoas  and  quadratus  lumborum  muscles.  Behind,  it  rests  upon  the 
lower  part  of  the  diapliragm  above,  and  on  the  quadratus  lumborum  below.  In 
front  (and  somewhat  to  the  outer  side  also,  except  when  the  l^owel  is  distended) 
are  placed  numerous  coils  of  small  intestine,  which  hide  the  colon  completely  from 
view,  and  compress  it  against  the  posterior  abdominal  wall  in  such  a  way  that,  at 
first  sight,  it  may  be  overlooked  in  a  fat  body.  To  its  inner  side  lies  the  lower 
part  of  the  kidney  above,  the  psoas  below. 

In  the  great  majority  of  bodies  only  the  front  and  sides  of  the  descending- 
colon  are  covered  by  peritoneum  (Fig.  709);  the  posterior  surface,  l)eing  destitute 
of  a  serous  coat,  is  connected  to  the  posterior  wall  (jf  the  abdomen  by  areolar 
tissue.  In  a  small  proportion  of  cases,  on  the  other  hand,  the  serous  coat  is  com- 
plete, and  the  colon  is  furnished  with  a  shf)rt  mesentery. 

Up  to  the  fourth  or  fiftli  month  of  f'ajtal  life  tlie  descending  colon  has  a  conijdete  investment 
of  peritonenni  and  a  long  mesentery.  After  tlie  fifth  month  the  mesentery  adheres  to,  and  soon 
blends  with,  the  parietal  peritoneum  on  the  posterior  ahdominal  wall,  and  is  completely  lost  as  a 
rule.  The  persistence  of  this  mesentery,  in  a  greater  or  less  degree,  explains  the  occasional 
jiresence  of  a  descending  mesocolon  in  the  adult. 

Sigmoid  Flexure  and  Rectum. — It  has  been  customary  to  divide  the  remaining  portion 
of  the  large  intestine  into  sigmoid  flexure  and  rectiun.  The  former  was  said  to  begin  at  the 
crest  of  the  ilium,  to  lie  in  the  iliac  fossa,  and  to  end  at  the  brim  of  the  pelvis.  Or,  in  later , 
years,  the  "  sigmoid  colon "  was  described  as  "  that  part  of  the  colon  which  is  attached  to  the 
left  iliac  fos-sa,  from  the  iliac  crest  to  the  brim  of  the  true  pelvis"  (Symington).  Its  upper  jiart 
was  .said  to  be  covered  by  peritoneum  on  the  anterior  and  lateral  surfaces  only,  its  lower  part 
to  form  a  large  loop  with  a  comjilete  serous  coat  and  a  long  mesentery,  which  hung  down  into 
the  pelvic  cavity  when  the  bladder  and  rectum  were  emjjty,  and  passed  up  out  of  it  when 
these  were  distended. 

The  rectum  was  described  as  beginning  at  the  brim  of  the  pelvis,  opposite  the  left  sacro-iliac 
joint,  and  as  ending  at  the  anus.  It  was  divided  into  three  portions,  of  which  the  first  extended 
from  the  ))rini  of  the  pelvis  to  the  middle  of  the  third  jjiece  of  the  sacrum,  had  a  complete 
covering  of  peritoneum,  and  was  connected  to  the  pelvic  wall  by  a  mesentery— the  mesorectum. 
The  second  and  third  jiarts  of  the  rectum  we  may  pass  over  for  the  present,  as  they  agree  in 
general  with  the  description  of  the  rectum  given  1)elow.  . 

Treves  in  1885,  and  Jonnesco  in  1889,  directed  attention  to  the  fact  that  no  such  loop  as  the 
classical  sigmoid  Hexure,  lying  in  the  iliac  fossa,  was  to  be  found  in  nature ;  and  also,  that  the 
separation  of  the  fii-st  portion  of  the  rectum  from  the  sigmoid  flexure — so-called — was  both 
artificial  and  inaccurate.  They  pointed  out  that  the  "  first  part  of  the  rectum  "  reaUy  belongs 
to  the  sigmoid  ffexui'e,  with  which  it  has  e\ierything  in  common,  and  that  on  no  grounds  can  it 
be  properly  assigned  to  the  rectum. 

An  unbiassed  study  of  the  parts  concerned,  particularly  in  bodies  the  viscei-a  of  which  have 
been  hardened  in  situ,  will  leave  little  doul)t  on  an  unprejudiced  mind  that  the  old  descriptions 
are  not  only  artificial  but  erroneous.  Consequently,  the  admirable  account  of  this  part  of  the 
intestine,  given  by  Jonnesco,  will  be  followed  in  its  main  features  in  describing  the  divisions  of 
the  bowel  heretofore  known  as  the  sigmoid  tiexure  and  first  part  of  the  rectum. 

Jonnesco,  recognising  that  this  portion  of  the  intestine  lies  partly  in  the  iliac  fossa  and 
partly  in  the  pelvis,  very  appropriately  calls  the  former  the  iliac  colon  and  the  latter  the  jielvic 
colon.  The  iliac  colon  includes  the  portion  of  the  "  sigmoid  flexure  "  which  extends  from  the 
crest  of  the  ilium  to  the  inner  side  of  the  jjsoas  muscle  (that  is  practically  the  brim  of  the 
l^elvis),  and  is  usually  destitute  of  a  mesentery.  The  pelvic  colon  embraces  the  remainder  of  the 
"sigmoid  colon"  ancL  the  first  jiart  of  the  rectum,  both  of  which  are  attached  by  a  continuous 
mesentery,  and  form  one  large  loop  lying  in  the  j^elvic  cavity,  and  ending  at  the  level  of  the 
third  sacral  vertebra  by  passing  into  the  rectum  proper. 

Iliac  Colon  (colon  iliacum). — This  corresponds  to  the  portion  of  the  "  sigmoid 
flexu)^^! "  which  lies  in  the  iliac  fossa,  and  it  has  no  mesentery.  It  is  the  direct 
continuation  of  the  descending  colon,  with  which  it  agrees  in  every  detail,  except 
as  regards  its  relations.    Beginning  at  the  crest  of  tlie  ilium,  it  passes  downwards 
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and  somewhat  inwards,  lying  in  front  of  the  iliacus  muscle.  A  Httle  way  alcove 
Poupart's  Hgament  it  turns  inwards  over  the  psoas,  and  ends  at  the  inner  Ijorder 
of  this  muscle  by  dipping  into  the  pelvis  and  liecoming  the  pelvic  colon  (Fig.  699). 
It  usually  measures  about  5  or  6  inches  (12-5  to  15  cm.)  in  length,  but  it  varies 
considerably  in  this  respect. 

Relations. — Behind,  it  lies  upon,  and,  as  a  rule,  is  connected  by  areolar  tissue  to, 
the  front  of  the  iho-psoas  muscle.  In  f  ront,  it  is  usually  covered  by  coils  of  small 
intestine,  which  hide  it  from  view ;  Init  when  distended,  or  when  it  occupies  a  lower 
position  than  usual,  it  comes  into  direct  contact  with  the  anterior  abdominal  wall. 
As  a  rule  (90  per  cent 
of  bodies — Jonnesco), 
it  is  covered  by  peri- 
toneum only  on  its  an- 
terior and  two  lateral 
surfaces.  Occasionally 
(10  per  cent  of  cases)  it 
is  completely  covered, 
has  a  short  mesentery 
(1  inch,  2  to  3  cm.), and 
is  slightly  movable. 


Cut  edge  of 
peritoneum 
Situation  of 
iutersigmoid — 

fossa 
Pelvic  colon 
turning  down 

Pelvic 
mesocolon 
Beginning  of 
rectum' 


In  its  course  it  passes 
down  over  tlie  iliac  fossa 
near  its  middle,  generally 
forming  a  curve  with  its 
concavity  directed  in- 
wards and  ujowards,  and 
having  reached  a  point 
'1|  or  2  inches  (4  to  5  cm.) 
above  Poupart's  ligament, 
it  turns  inwards  across  the 
psoas  towards  the  pehdc 
cavity.  Occasionally  the 
iliac  colon  occupies  a  lower 
position  than  usual,  and 
runs  along  the  deep  sur- 
face of  Poupart's  ligament, 
immediately  Ijehind  the 
anterior  abdominal  wall. 


Pelvic  colon 


Bladder 


Fig.  700. — The  Iliac  and  Pelvic  Colons,  from  a  formalin-hardened  male 
body,  aged  30. 

Tlie  pelvic  colon  was  luiu.sually  long  ;  its  course  is  shown,  as  well  as  that  of  the 
beginning  of  the  rectum,  by  dotted  lines.  It  first  ran  across  the  upper 
surface  of  bladder  to  the  right  pelvic  wall,  then  recrossed  the  pelvis  in  a 
line  posterior  to  its  first  crossing  ;  finally  it  returned  towards  the  middle 
line,  and  passed  into  the  rectum.  As  a  rule,  after  crossing  to  the  right 
side  of  the  pelvis,  the  pelvic  colon  turns  backwards  and  inwards  to  reach 
the  nuddle  line,  where  it  passes  into  the  rectum. 


Pelvic  Colon 

(colon  pelvinum). — 
This  corresponds  to 
the  portion  of  the 
"  sigmoid  flexure  "  which  lies  in  the  pelvis,  together  with  the  so-called  "  first  part  of 
the  rectum."  The  pelvic  colon  is  a  large  coil  of  intestine,  which  begins  at  the  inner 
border  of  the  left  psoas  muscle,  where  it  is  continuous  with  the  iliac  colon,  and 
ends  at  the  level  of  the  third  sacral  vertebra  by  passing  into  the  rectum  proper. 
Between  these  two  points  it  has  a  well-developed  mesentery,  and  forms  a  large  and 
variously-shaped  coil,  which  usually  Ues  in  the  cavity  of  the  pelvis  (93  per  cent). 

Whilst  the  loop  of  the  pelvic  colon  is  very  irregular  in  form,  the  following  may 
be  given  as  perhaps  its  most  common  arrangement.  Beginning  at  the  inner  margin 
of  the  left  psoas,  it  first  plunges  over  the  brim  into  the '  pelvis,  and  crosses  this 
cavity  from  left  to  right ;  it  next  bends  backwards  and  then  returns  along  the 
.  posterior  wall  of  the  pelvis  towards  the  middle  line,  where  it  turns  down  and  passes 
into  the  rectum  (Figs.  699  and  700). 

Relations. — In  its  passage  into  the  pelvis  it  crosses  the  external  iliac  vessels ; 
in  running  from  left  to  right  across  the  cavity,  it  rests  on  the  Idadder  or  uterus, 
according  to  the  sex  ;  whilst  above  it  lie  the  coils  of  the  small  intestine. 

It  is  completely  covered  by  peritoneum,  and  is  furnished  with  an  extensive 
mesentery — the  pelvic  mesocolon — which  permits  of  considerable  movement. 

Sometimes,  wlien  longer  than  usual  (Fig.  700),  the  pelvic  colon,  in  returning  from  the  right 
side  of  the  pelvis,  crosses  the  middle  line,  going  even  as  far  as  the  left  wall,  and  then  tui'us 
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back  a  second  time  towards  llie  iiiiddle  ot  the  saciuiii,  where  it  joiiiK  the  rectum  at  the  usual 
level,  thus  uiaking  an  S-shaped  curve  within  the  pelvis.  On  the  other  hand,  when  the 
loop  is  short  (a  not  infrequent  occurrence),  all  its  curves  are  abridged,  and  it  fails  to  Jiass 
over  to  the  right  side,  but  runs  more  or  less  directly  backwards  after  entering  the  pelvi.s. 

From  what  has  been  said,  it  will  l)e  seen  that  the  loop  of  the  pelvic  colon  is  subject  to 
numerous  and  considerable  variations,  which  are  chiefly  dej^endent  upon  its  length  and  that  of 
its  mesentery,  and  also  ujton  the  state  of  emptiness  or  distension  of  itself  and  of  tlie  other  pelvic 
viscera.  When  the  intestine  is  long  the  loo])  is  more  complex  ;  when  short,  more  simjjle.  When 
the  bladder  and  rectum  are  distended,  or  when  tlie  pelvic  colon  itself  is  much  distended,  it  is 
unable  to  find  accommodation  in  the  true  pelvis,  and  consequently  it  passes  uj)  into  the 
abdominal  cavity,  almost  any  part  of  the  lower  half  of  which  it  may  occupy.  But,  as  already 
stated,  in  the  great  majority  of  cases  (92  per  cent,  according  to  Jonnesco)  it  is  ibund  after 
death  lying  entirely  witliin  tlie  jjelvic  ca\'ity. 

In  Iciifjfh,  tlie  pelvic  colon  generally  measures  about  IG  or  17  inclies  (40  to 
42'5  cm.),  l)ut  it  may  be  as  sliort  as  5  inches  (1  2  cm.),  or  as  long  as  35  inches 
(84  cm.). 

Tlie  pelvic  mesocolon,  wliicli  corres])onds  to  both  tlie  sigmoid  mesocolon  and  the  meso- 
rectum,  is  a  fau-sliaped  fold,  sliort  at  each  extremity,  and  long  in  its  middle  jiortion  (Figs.  699 
and  700).  Its  root  is  attached  along  an  inverted  V-shaped  line,  one  limb  of  whicli  runs  up  close 
to  the  inner  Iwrder  of  the  left  psoas,  as  high  as  the  biturcation  of  the  common  iliac  artery  (or 
often  higher) ;  here  it  l)ends  at  an  acute  angle,  and  tlu'  second  limb  descends  over  the  sacral 
promontory  and  along  the  front  of  the  sacrum  to  the  middle  of  its  third  piece,  where  the 
mesentery  ceases,  and  the  pelvic  colon  passes  into  the  rectum.  When  the  jielvic  colon  ascends 
into  the  abdominal  cavity,  this  mesentery  is  douliled  uji  on  itself,  the  side,  wliich  was  naturally 
posterior,  becoming  anteiior. 

Intersigmoid  Fossa  (recessus  intersigmoideus). — When  the  ])elvic  colon  with  its  mesentery 
is  raised  upwards,  a  small  orifice  will  usually  be  found  beneath  the  mesentery,  corre.spond- 
iug  to  the  apex  of  the  V-shaped  attachment  of  its  root  to  the  ])ostei-ior  abdominal  walk 
This  orifice  leads  into  a  fossa  which  is  directed  upwards,  and  \\-ill  often  admit  the  last 
joint  of  the  little  finger.  It  is  known  as  the  inter»iij'm(nd  fossa,  and  is  due  to  the  imperfect 
lilending  of  the  mesentery  of  the  descending  colon  of  the  foetus  with  the  parietal  peritoneum. 
In  the  foetus  this  mesentery  is  well  developed,  and  extends  from  the  region  of  the  vertebral 
column  out  towards  the  descending  colon.  After  a  time  it  begins  to  unite  with  the  underlying 
parietal  peritoneinn  ;  but  in  the  region  of  the  intersigmoid  fossa  the  union  is  rarely  jierfect, 
hence  the  jiresence  of  the  fossa. 

In  the  child  at  birth  only  the  terminal  part  of  the  pelvic  coh)n  lies  in  the  pelvis.  This 
is  chiefly  owing  to  the  suuill  size  of  the  pelvic  cavity  in  the  infant.  Beginning  at  the  end 
of  the  iliac  colon,  the  pelvic  colon  generally  arches  uj^wards  and  to  the  right  across  the 
alidomen  towards  the  right  iliac  fossa,  where  it  forms  one  or  two  coils,  and  then  passes  down 
over  the  right  side  of  the  pelvic  brim  into  the  jielvic  cavity.  In  cases  of  imjjerforate  anus,  it  is 
important  to  I'emendjer,  in  connexion  with  the  operation  for  forming  an  artificial  anus,  that, 
whilst  the  iliac  colon  is  found  in  the  left  iliac  region,  the  pelvic  colon  ("  sigmoid  flexure  ")  usually 
lies  on  the  right  side,  and  passes  over  the  right  portion  of  the  brim  to  enter  the  pelvis. 

Structure  of  the  Pelvic  Colon. — Only  the  arraugement  of  the  muscular  coat  need  be  referred 
to.  As  the  tajniiTe  of  the  descending  colon  are  followed  down,  it  will  be  found  that  the  postero- 
external band  gradually  j^asses  on  to  the  front,  and  unites  with  the  anterior  ttenia  to  form  a  Ijroad 
band,  whicli  occupies  nearly  the  whole  width  of  this  bowel  in  its  lower  portion.  The  postero- 
internal t;enia  spreads  out  in  a  similar  manner  on  the  back  ;  so  that  in  the  lower  half  of  the 
pelvic  colon  the  longitudinal  layer  of  the  muscular  coat  is  complete,  with  the  exception  of  a 
narrow  ^lart  on  each  side  ;  here  the  circular  fibres  come  to  the  surface,  and  the  intestine  jjresents 
a  series  of  small  sacculations.  These,  however,  disapj^ear,  and  the  longitudinal  fibres,  although 
thicker  in  front  and  Ijeliind,  form  a  continuous  layer  all  round,  as  the  rectum  jiroper  is 
ap])roaclied. 

THE  RECTUM. 

The  rectum  proper  (intestinum  rectum :  second  portion  of  the  rectum  of  the 
usual  descriptions)  is  the  comparatively  dilated  portion  of  the  large  bowel  which 
intervenes  between  the  pelvic  colon  above  and  the  anal  canal — the  slit-like  passage 
througli  which  it  connnunicates  with  the  exterior  (Fig.  701).  It  forms  a 
temporary  reservoir,  in  which  tlie  fasces  accumulate  a  short  time  before  they  are 
discharged  from  the  l)ody,  but  as  a  result  of  hal)it  this  temporary  function  may  be 
converted  into  a  m(»re  or  less  permanent  one. 

Unlike  tlie  portion  of  the  bowel  which  immediately  precedes  it,  the  rectum  has 
but  a  partial  covering  of  peritoneum,  and  is  entirely  destitute  of  a  mesentery; 
sacculations,  too,  which  are  so  characteristic  of  the  large  intestine,  cannot  properly 
be  said  to  be  present. 
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The  rectum  begins  at  the  termination  of  the  pelvic  mesocolon,  namely,  about  the 
level  of  the  third  sacral  vertebra,  and  ends,  w^here  the  bowel  pierces  the  pelvic  floor, 
opposite  the  lower  and  back  part  of  the  prostate  in  the  male,  or  at  a  point  li-  inches 
(3'7  cm.)  in  front  of,  but  at  a  lower  level  than,  the  tip  the  coccyx  in  both  sexes. 
It  first  descends  along  the  front  of  the  sacrum  and  coccyx,  following  the  curve  of 
these  bones ;  beyond  the  coccyx,  it  rests,  for  about  1|  inches  (3"7  cm.),  on  the  back 
part  of  the  pelvic  floor,  here  formed  by  the  union  of  the  two  levatores  ani ;  and 
finally,  having  reached  the  lower  part  of  the  prostate,  it  bends  rather  abruptly 
backwards  and  downwards,  and,  piercing  tlie  pelvic  floor,  passes  into  the  anal 
canal  (Fig.  704). 

Its  general  direction  is  downwards,  but  this  varies  at  its  two  extremities,  heiug 
downwards  and  backwards  above,  downwards  and  strongly  forwards  below. 

Curvatures. — The  rectum  is  far  from  straight,  notwithstanding  its  name. 


Fio.  701. — The  Rectum  from  behind. 

The  sacrum  lias  been  sawn  across  through  the  4th  sacral  vertebra,  and  its  lower  part  removed  with  the  coccyx. 
Tlie  posterior  [tortions  of  the  coccygei,  levatores  ani,  and  of  the  external  sphincter  have  been  cut  away. 
The  "  pincliing  in  "  of  the  lower  end  of  the  rectum  by  tlie  inner  edges  of  the  levatores  ani,  resulting  in  the 
formation  of  the  flattened  anal  canal,  is  suggested  in  the  illustration,  which  has  been  made  from  a 
formalhi-hardened  male  body,  aged  thirty.  The  lateral  inflexions  of  the  rectum,  corresponding  to 
Houston's  valves,  are  also  shown. 

which  describes  its  condition  fairly  accurately  in  most  animals,  but  not  in  man,  in 
whom  it  is  curved  in  both  the  antero- posterior  and  the  transverse  planes. 
Viewed  fro7n  the  side  (Fig.  737),  it  forms  a  gentle  curve,  with  the  convexity 
backwards,  which  extends  from  the  beginning  of  the  rectum  to  the  b'ack  of  the 
prostate,  and  fits  into  the  hoUow  of  the  sacrum  and  coccyx.  At  the  back  of  the 
prostate  a  second  curve  is  formed  where  the  rectum  joins  the  anal  canal ;  this 
has  its  convexity  directed  forwards,  whilst  its  concavity  embraces  the  ano-coccygeal 
body — the  mass  of  muscular  and  connective  tissue  which  lies  between  the  tip  of 
the  coccyx  and  the  anal  canal. 
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When  mev)ed  from  the,  front  the  rectum  is  seen  to  be  regularly  i'olded  from  side 
to  side  in  a  zigzag  fasliion,  tlie  folding  l^eing  slightly  marked  wlieu  the  rectum  is 
empty,  l)ut  becoming  much  more  distinct  with  distension  (Figs.  702  and  703).  In 
other  words,  when  viewed  from  this  aspect  it  presents,  in  the  majority  of  cases,  three 
more  or  less  distinct  lateral  flexures  or  inflexions.  Of  these  the  upper  and  lower 
have  their  concavities  directed  to  the  left  as  a  rule ;  the  third  flexure,  wliich  is  the 
l)est  marked,  lies  l)etween  the  other  two,  l)ut  on  the  right  side.  Not  infrequently, 
however,  two  are  found  on  the  right  and  one  on  the  left  side.  The  flexures,  which 
are  marked  on  the  exterior  by  a  crease,  appear  in  the  interior  as  three  prominent 

Lateral  inflexions 


Base  of  prostate  Urellua 


Fru.  702. — Distended  Rectum  in  situ. 

From  a  fornialin-hardeiietl  male  body,  age  50.  The  peritoneum  and  extra  peritoneal  tissue  liavu  been  removed, 
after  sawing  the  pelvis  along  a  plane  passing  through  the  upper  part  of  tlie  symphysis  pubis  in  front 
and  the  lower  part  of  the  second  sacral  vertebra  behind.  The  bladder,  which  was  empty  and  contracted, 
has  also  been  removed,  but  its  form  is  shown  by  a  dotted  line.  The  rectum  was  very  much  distended, 
and  almost  completely  occupied  the  pararectal  fossfe. 

crescentic  shelves  (Fig.  704),  known  as  the  rectal  valves,  which  help  to  support  the 
fiecal  contents  when  the  rectum  is  distended  (Fig.  702). 

Tills  folding  is  iiiaiiitaiiiwl  liy  tlie  arrangeiiient  of  tlie  lougitiuliiial  luusctilai'  fibres,  the 
majority  of  which  are  acctiiiuilated  in  tlie  form  of  two  wide  hands,  one  on  tlie  front,  the  other  on 
tlie  hack  of  tlie  howel.  Tliese  two  hands,  whicli  are  continuous  with,  and  coniparahle  in  their 
functions  to,  the  ttenite  of  the  colon,  are  shorter  than  the  other  coats  of  the  rectum  ;  lience  they 
give  rise,  as  in  the  case  of  the  colon,  to  a  folding  or  .sacculation  of  the  tithe,  which  can  l>e  effective 
only  at  the  sides  where  the  longitudinal  fibres  are  fewest,  for  the  front  and  Ijack  are  occupied  by 
the  thickened  longitudinal  hands  (see  ]).  1042). 

In  addition  to  siipjiorting  tlie  f;eces,  these  foldings  greatly  increase  the  caj^acity  of  the  rectiini 
without  unduly  dilating  the  tttl  )e.  When  the  rectum  is  em])t  v  (Fig.  703)  its  course  is  comparatively 
straight,  its  lateral  flexure  being  hut  slightly  marked,  and  its  whole  calibre  very  mucli  reduced. 
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In  this  condition  it  occupies  only  a  small  portion  of  the  posterior  division  of  the  pelvic  cavity- 
near  the  mesial  plane,  and  at  each  side,  between  it  and  the  lateral  wall  of  the  pelvis,  is  a  large 
fossa  of  the  peritoneum  (the  pararectal  fossa,  p.  1051),  which,  when  the  howel  is  empty,  contains 
a  mass  of  small  intestine  or  pelvic  colon  (Figs.  701  and  703).  Wlien  the  rectum  is  distended  the 
lateral  flexures  become  much  more  marked,  and  the  gut,  projecting  alternately  to  each  side,  passes 
out  Ijeneath  the  peritoneum,  oliliterating  the  pararectal  fosste  (Fig.  702),  and  fills  the  greater  part 
of  tlie  posterior  division  of  the  pelvis — a  condition  which  could  not  )je  brought  about  with  a 
straight  rectum  without  an  enormous  increase  in  all  the  diameters  of  the  tube. 

According  to  Jonnesco,  the  rectum  liegins — that  is,  the  pelvic  mesocolon  ceases — most  frequently 
opposite  tlie  disc  between  the  tliird  and  fourth  sacral  vertebrae.  It  is  our  experience  that  the 
mesocolon  ends  more  frequentlv  aljo\'e  than  below  the  third  sacral  vertelira — often,  indeed,  at  the 
level  of  the  second. 

At  its  ujjper  end  tlie  rectum,  following  the  curve  of  the  sacrum,  slopes  downwards  and  at  the 
same  time  slightly  liackwards ;  its  middle  portion  is  practically  vertical,  but  the  terminal  third 
or  more  is  directed  downwards  and  forwards  at  an  angle  varying  from  45°  to  60"  with  the  horizontal. 
The  pelvic  floor,  upon  Mdiicli  this  latter  part  rests,  forms  here  a  similar  angle  with  the  horizontal. 
The  bend  which  the  bowel  makes  behind  the  lower  end  of  the  prostate,  where  the  rectunr  passes 
into  the  anal  canal,  is,  as  pointed  out  above,  abrujit,  and  usually  approaches  a  right  angle,  so 
that  the  anal  canal  itself  slopes  downwards  and  backwards  at  an  angle  of  nearly  45°  with  the 
horizontal. 

Not  uncommonly  the  abrupt  curve,  at  the  junction  of  the  rectum  with  the  anal  canal,  presents 
in  front  a  knuckle-like  projection  (well  seen  on  mesial  section),  immediately  above  the  canal.  It 
is  most  marked  in  females,  and  sometimes  appears  as  if  the  bowel  were  doubled  back  upon  itself 
at  this  j.ioint.  The  floor  of  the  ])ouch  thus  formed  may  dip  down  in  front,  even  below  the  level 
of  the  upjjer  aperture  of  the  anal  canal  (Fig.  744).  This  wmdition  is  most  common  in  multi- 
parse,  and  is  evidently  due  to  tlie  relaxed  condition  of  the  j^elvic  structures,  and  the  slight 
support  afforded  by  the  perineal  Ijody  to  this  jjart  of  the  gut  in  these,  and  the  great  capacity  and 
shallowness  of  the  pelvis  in  tlie  female. 

In  length  the  rectum  usually  measures  about  5  or  G  inches  (12-5  to  15-0  cm.),  1)ut 
it  may  be  much  longer. 

Its  diameter  is  smallest  above,  near  the  junction  with  the  pelvic  colon,  and  is 
greatest  l^elow,  near  the  anal  canal,  where  there  is  a  special  enlargement  known  as 
the  rectal  ampulla  (ampulla  recti).  When  empty  the  rectum  measures  little  over 
an  inch  (2'5  cm.)  in  diameter,  but  in  a  state  of  extreme  distension  it  may  be  as 
much  as  3  inches  (7'5  cm.)  in  width. 

Peritoneal  Relations  of  the  Rectum  (Figs.  703  and  749). — As  a  rule  the  upper 
two-thirds  of  the  rectum  lias  a  partial  covering  of  peritoneum — in  front  and  at 
the  sides  at  first,  later  on  in  front  only — whilst  tlie  lower  third  has  no  peritoneal 
investment  whatsoever.  When  the  mesocolon  ceases  at  the  end  of  the  pelvic 
colon,  its  two  layers  separate  and  leave  the  back  of  the  rectum  destitute  of 
peritoneum.  Very  soon  the  membrane  quits  its  sides  also,  and  is  then  found  on 
the  front  only ;  so  that  the  greater  part  of  the  rectum  lies  liehind  or  beneath  the 
pelvic  peritoneum,  as  it  were,  and  is  capable  of  expanding  and  contracting  without 
being  in  any  way  hampered  by  its  partial  peritoneal  coat. 

From  the  front  of  the  rectum  the  peritoneum  is  carried  forwards  to  the  l)ase  of 
the  bladder  in  the  male,  forming  the  iioor  of  the  recto-vesical  or  recto-genital  pouch 
(excavatio  recto-vesicalis,  Fig.  749).  In  the  female  it  passes  to  the  upper  part 
of  the  posterior  wall  of  the  vagina,  forming  the  floor  of  the  pouch  of  Douglas 
(excavatio  recto-uterina  Douglasi,  Fig.  744).  Whilst  at  each  side,  in  botli  sexes, 
it  passes  from  the  front  of  the  rectum  on  to  the  posterior  wall  of  the  pelvis,  forming 
the  bottom  of  a  large  fossa,  seen  at  the  sides  of  the  rectum  when  that  bowel 
is  empty,  and  known  as  the  pararectal  fossa.  With  distension  this  fossa  is 
encroached  upon  by  the  enlarging  bowel,  and  soon  is  obliterated. 

The  level  at  which  the  reflection  of  the  peritoneum  takes  place  from  the  front  of 
the  rectum  is  of  considerable  practical  importance  in  connexion  with  operations  in 
this  region.  As  a  general  rule  this  reflection,  that  is  the  bottom  of  the  recto-vesical 
pouch,  is  placed  at  a  distance  of  1  inch  (2'5  cm.)  above  the  base  of  the  prostate,  or 
about  3  inches  above  the  anus,  but  the  level  is  subject  to  considerable  variation, 
being  as  a  rule  relatively  much  higher  in  well- developed  muscular  or  fatty  subjects, 
whilst  it  is  usually  lower  in  emaciated  bodies,  owing  to  the  thinness  of  the  structures 
forming  the  pelvic  floor. 

The  bottom  of  the  recto-vesical  fossa  may  reach  down  in  an  extreme  case  to  within  an  inch 
(2-5  cm.)  of  the  anus,  Avhilst  it  is  not  at  all  rare  to  find  it  within  2  inches  (5-0  cm.)  of  that  orifice  ; 
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cm  the  other  liaiul,  it  may  be  considerably  higher  tliau  iionual,  soiaetiiues  being  placed  at  a  dis- 
tanc(!  of  4  or  4|  inches  (lO'O  to  11'2  cm.)  from  the  iinus.  It  should  also  be  added  ttiat  the  level  is 
generally  believed  to  be  somewhat  raised  by  distension  of  the  rectum  and  bladder,  and  lowered 
by  emptying  tliese  viscera,  although  this  is  denied  by  Jonnesco. 

In  the  child  at  birth,  the  peritoneum  extends  down  to  the  base  of  the  prostate  (Symington), 
and  is  thus  lower  in  relation  to  the  bladder  ;  but  this  may  be  partly  accounted  for  by  the  liigli 
position  of  this  organ  in  the  child. 

As  a  rule  it  will  be  found  that  2  inches  (5'0  cm.)  of  the  front  of  the  rectum,  exclusive  of  the  anal 
canal,  are  entirely  free  from  peritoneum,  and  it  is  this  and  the  adjacent  portion  of  the  bowel  which, 
being  free  from  the  restraining  influence  of  the  peritoneum,  is  most  distensible,  and  is  known  as 
the  rectal  ampulla.  Including  the  anal  canal,  3^  inches  (8'7  cm.)  of  the  rectum,  measured  along 
till',  front  of  the.  tube,  have  no  seroTis  covering.  On  the  other  hand,  the  back  is  free  from  peri- 
toneum for  5  or  6  inches  (12'5  to  15'0  cm.) — or  sometimes  much  more — above  the  anus. 

It  is  also  of  interest  to  notice  that  the  connexion  of  the  peritoneum  to  the  rectum  varies  in 
its  character  at  different  parts  : — Above  and  in  front  it  is  closely  adherent,  and  can  be  removed 
only  with  the  greatest  difficulty  ;  at  the  sides  and  below  the  connexion  is  much  looser.    As  a 
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Fig.  70-3. — The  Peritoneum  ok  the  Pelvic  Cavity. 

The  pelvis  was  sawn  across  obliquely  in  a  thin  male  subject  aged  60.  Owing  to  the  absence  of  fat  the  variou.s 
pelvic  organs  were  visible  through  the  peritoneum,  though  not  quite  as  distinctly  as  represented  here. 
The  bladder  and  rectum  were  both  empty  and  contracted  ;  the  paravesical  and  pararectal  fossa,  as  a 
result,  were  very  well  marked. 


result,  the  jieritoneum  can  be  stripped  off  the  rectum  in  its  lower  third  or  half  without  much 
difficulty,  whilst  in  its  iqjjjer  portion  this  is  not  the  case — an  arrangement  which  admits  of  the 
free  expansion  of  the  rectal  ampulla. 

General  Relations  of  the  Rectum  (Figs.  701  and  702). — Belnnd,  the  rectum 
rests  on  the  front  of  the  sacrum  and  coccyx,  and  below  these  upon  the  posterior  part 
of  the  pelvic  floor — here  formed  l)y  tlie  meeting  of  the  two  levatores  ani  in  the  ano- 
coccygeal raphe.  When  much  distended  it  also  comes  into  relation  on  each  side  with 
the  lower  part  of  the  pyriformis  and  the  sacral  plexus.  The  Iwwel  is  separated 
from  these  structures  by  a  Very  considerable  amount  of  connective  tissue,  arranged 
(apparently  in  several  layers)  around  the  tube.  lit  this  tissiie  the  two  chief 
l)ranches  of  the  superior  hsemorrhoidal  vessels  lie  behind  the  upper  part  of  the 
bowel,  but  lower  down  they  are  placed  in  relation  to  its  sides. 

At  its  sides  above  are  the  pararectal  fossa;  and  their  contents  (pelvic  colon,  or 
ileum) ;  below  this  the  rectum  is  in  contact  with  the  coccygei  and  levatores  ani 
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muscles,  which  run  backwards  to  the  coccyx  on  each  side  of  tlie  bowel.  The 
branches  of  the  superior  h;emorrhoidal  vessels  are  also  found  running  down 
on  its  muscular  coat,  as  far  as  the  midcUe  of  the  rectum,  where  they  pierce  the  wall 
of  the  bowel. 

In  front,  the  rectum  is  separated  from  the  bladder,  to  within  an  inch  of  the 
prostate,  by  the  rectovesical  pouch  of  peritoneum,  which  usually  contains  some 
coils  of  small  intestine.  Below  the  reflexion  of  the  peritoueum  the  front  of  the 
bowel  is  in  contact  with  the  base  of  the  bladder,  the  vasa  deferentia,  vesiculae 
seminales,  and  the  back  of  the  prostate  gland  (Fig.  702),  from  all  of  which  it  is 
separated  by  the  rectovesical  layer  of  the  pelvic  fascia.  In  the  female  (Fig.  707) 
the  rectum  is  separated  from  the  posterior  surface  of  the  uterus  and  the  upper 
end  of  the  vagina  by  the  pouch  of  Douglas  and  the  intestine  which  it  usually 
contains.  Below  the  peritoneal  reflexion  it  is  in  direct  contact  with  the  posterior 
vaginal  waU,  to  wliich  it  is  connected  loosely  above,  but  more  closely  below. 

The  lower  portions  of  the  rectum  and  bladder  in  the  male  are  separated  by  the 
rectovesical  fascia  only,  over  a  narrow  triangular  area  which  measures  about  an 
inch  (2-5  cm.)  in  vertical  height.  The  base  of  this  triangle  corresponds  to  the 
reflexion  of  the  peritoneum  from  one  organ  to  the  other,  and  the  apex  to  the 
base  of  the  prostate,  whilst  the  sides  are  formed  by  the  vasa  deferentia,  which  lie 
very  close  to  one  another  except  above,  near  the  base  of  the  triangle,  where  they 
diverge  rather  abruptly  (Fig.  702).  Through  this  triangle  the  operation  of 
tapping  the  bladder  from  the  rectum  is  performed. 

The  vesiculaj  seminales,  unless  when  of  a  small  size,  slope  outwards  and  backwards  round 
the  front  and  sides  of  the  distended  rectum  (Fig.  702),  which  they  thus  embrace,  as  it 
were,  within  their  grasp. 

The  ureters,  as  they  run  inwards  towards  the  base  of  the  bladder,  lie  close  in  front  of 
the  vasa  deferentia,  and  are  not  far  separated  from  the  distended  rectum  (see  Fig.  702). 

The  portion  of  the  rectum  below  the  level  of  the  peritoneal  reflection  is  surrounded 
by  the  rectal  fascia,  a  layer  of  connective  tissue  which  is  derived  from  the  visceral 
layer  of  the  pelvic  fascia. 

In  the  child  the  rectum,  or  at  least  its  upper  part,  is  relatively  larger,  and  it  pursues 
a  much  straigliter  course,  than  in  the  adult.  As  pointed  out  above,  its  peritoneal  covering 
likewise  descends  lower  at  birth,  and  reaches  as  far  as  the  base  of  the  prostate. 

THE  ANAL  CANAL. 

Anal  Canal  (pars  analis  recti — third  part  of  the  rectum  of  the  old  descrip- 
tions).— In  order  to  reach  the  exterior,  it  is  necessary  for  the  lower  end  of  the 
bowel  to  pierce  the  floor  of  the  pelvis.  This  it  does  by  passing  through  the 
narrow  interval  left  between  the  mesial  borders  of  the  levatores  ani  muscles 
(Fig.  701).  As  it  passes  between  them,  the  two  muscles  pinch  in  the  tube,  and  by 
the  apposition  of  its  lateral  walls  obliterate  its  cavity,  reducing  it  to  a  mere  slit- 
like passage.  This  passage,  through  which  the  rectum  communicates  with  the 
exterior,  is  the  "  anal  canal "  (Symington). 

Formerly  this  terminal  portion  of  the  tube  was  described  as  tlie  "  third  part  of  the  rectum," 
and,  like  the  rest  of  that  bowel,  it  was  supposed  to  form  a  reservoir  for  the  retention  of  the 
fasces.  Symington  jjointed  out  that  tliis  was  not  the  case.  He  showed  that  the  canal  was  not 
of  tke  same  nature  as  the  rest  of  the  rectum,  but  that  it  was  a  mere  passage  through  wliich  the 
bowel  discharged  its  contents,  the  relation  between  the  two  being  practically  the  same  as  that 
between  the  urethra  and  the  bladder.in  the  female.  It  is  probable,  however,  that,  when  the  rectum 
is  distended,  the  upjjer  part  of  the  anal  canal  is  often,  if  not  usually,  occupied  by  the  wedge- 
shaped  lower  end  of  the  contained  fiiecal  mass,  whilst  the  chief  bulk  of  the  contents  is  supported 
Ijy  the  rectal  \'alves  and  the  levatores  ani. 

The  anal  canal  begins  where  the  rectum  proper  terminates,  namely,  at  the 
level  of  the  levatores  ani  muscles,  opposite  the  lower  part  of  the  prostate. 
When  the  distended  rectum  is  cut  across  near  its  lower  end,  in  a  hardened  body, 
and  the  cavity  examined  from  the  interior,  a  distinct  projection,  formed  by 
the  inner  border  of  the  levator  ani  (pubo-rectalis,  or  sphincter  recti  portion),  is 
66 
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seeu  on  each  side,  indicating  the  upper  limit  of  the  canal.  It  is  said  that  these 
ridges  can  also  be  felt  during  life  by  the  hnger  introduced  into  the  rectum  (Cripps). 
Below,  the  anal  canal  ends  at  the  anus,  or  anal  orifice,  by  opening  on  the  exterior. 

Its  length  is  usually  from  1  to  1|  inches  (2'5  to  3'7  cm.),  being  greater  when 
the  bowel  is  empty,  and  less  when  it  is  distended.  Its  antero-posterior  diameter 
when  closed  varies  between  h  and  f  inch  (12  to  19  mm.) 

The  direction  of  the  anal  canal,  as  already  pointed  out,  is  downwards  and  back- 
wards, often  forming  an  angle  of  nearly  45°  with  the  horizontal,  although  it  is 
usually  somewhat  nearer  to  the  vertical. 

Relations.  —  It  is  surrounded  by  both  the  external  and  internal  sphincters, 
and  above  also  by  the  borders  of  the  levatores  ani,  these  muscles  forming  a 
muscular  cylinder  around  it  (Fig.  701).  On  each  side  is  situated  the  ischio- 
rectal fossa  with  its  contained  fat,  which  allows  of  the  distension  of  the  canal 
during  the  passage  of  faeces.  Behind  is  placed  a  mass  of  mixed  connective  and 
muscular  tissue,  known  as  the  ano-coccygeal  body  (Symington),  which  intervenes 
between  it  and  the  coccyx.  Finally,  in  front,  it  lies  close  behind  the  bulb  of  the 
urethra  and  the  base  of  the  triangular  ligament  in  the  male,  and  a  sound  ia  the  urethra 
can  be  easily  felt  by  the  finger  introduced  into  the  anal  canal,  particularly  in  thin 
l)odies.  In  the  female  it  is  separated  from  the  vagina  l)y  the  wedge-shaped  mass  of 
fatty  and  muscular  tissue  known  as  the  "  perineal  body." 

Structure  of  the  Rectum  and  Anal  Canal. — The  wall  of  the  rectum  is  made  up 
of  four  coiits,  viz.  : — 1.  The  outer  coat,  formed  in  part  of  peritoneum  (already  described), 
and,  where  the  peritoneum  is  absent,  of  connective  tissue  which  can  be  dissected  off  in 
several  layers.  In  this  connective  tissue  the  haemorrhoidal  vessels  run  until  they  pierce 
the  wall  of  the  tube.  In  it  also,  at  the  back  and  sides  of  the  rectum,  ai"e  found  embedded 
a  number  of  rectal  lymphatic  glands. 

2.  The  muscular  coat,  which,  is  nuich  thicker  than  in  any  other  portion  of  the  intes- 
tine, is  composed  of  two  stout  layers  of  unstriped  muscle — an  outer  longitudinal  and  an 
inner  circular — like  tliat  of  the  intestine  generally.  The  longitudinal  fibres,  although 
present  all  round,  are  chiefly  accumulated  on  the  front  and  back  of  the  tube  (see  p.  1038), 
where  they  form  two  broad  bands ;  at  tlie  sides  they  are  reduced  to  a  thin  layer,  the 
deepest  fibres  of  which  are  folded  in  and  take  part  in  the  formation  of  the  rectal  valves. 

Where  the  rectum  pierces  the  floor  of  the  pelvis,  the  outer  layer  of  longitudinal  fibres  is  luiited 
to  the  deeper  portion  of  the  levator  ani,  partly  by  tendinous  fibres  and  ])artly  by  an  inter- 
cliange  of  muscular  fibres,  Ijetween  the  levatores  and  the  miiscular  coat  of  the  rectum.  This 
interchange  of  fibres,  however,  is  denied  by  Peter  Thompson  and  Browning.  Below,  the  longi- 
tudinal filjres  pass  between  tlie  external  and  internal  sjjhincter  muscles,  or  tlu-ough  the  latter 
to  join  tlie  skin  around  the  anus.  The  folding  of  tlie  rectum  from  side  to  side,  described  above, 
is  brought  about  and  maintained  by  the  shortness  of  the  fibres  of  this  coat  on  the  front  and  back 
of  tlie  bowel. 

In  saggital  sections  of  the  jjelvis  near  the  mesial  jjlane  there  can  generally  be  seen  a  distinct 
Ijand  of  red,  longitudinally -arranged,  nmscular  fibres,  Mdiich  descends  on  each  side  from  the  front 
of  the  coccyx  to  blend  with  the  longitudinal  fibres  on  the  back  of  the  rectum.  This  band  is  the 
rectococcygeus  muscle.    It  is  conijjosed  of  striped  fibres  above,  but  becomes  unstiiped  below. 

Some  unstriped  nmscular  fibres  which  are  found  descending  in  the  subcutaneous  tissue  of  the 
lower  jiart  of  the  anal  canal,  to  join  the  skin  around  the  anus,  have  been  described  by  Ellis  as  the 
corrugator  cutis  ani.  According  to  Eoux,  they  are  some  of  the  longitudinal  fil)res  of  the  rectum 
M'hich  have  passed  tlirougli  the  internal  sphincter  to  the  submucous  tissue,  and  then  descended 
to  the  skin. 

The  circular  fibres  form  along  the  wdiole  length  of  the  tube  a  continuous  layer,  whicli 
is  doubled  inwards  to  assist  in  the  formation  of  eacli  rectal  valve,  and  is  thickened 
below  to  form  the  internal  sphincter  of  the  anus.  The  internal  sphincter  (spliincter  ani 
internus),  as  just  pointed  out,  is  formed  by  a  great,  and  rather  sudden,  increase  of  the 
circular  muscular  fibres,  which  begins  at  the  upper  end  of  the  anal  canal.  It  surrounds 
the  canal  for  about  an  inch  (2-5  to  3"0  cm.),  and  terminates  \  or  \  inch  (6  or  7  mm.) 
above  its  lower  aperture  (Fig.  70-5). 

3.  The  submucous  coat  is  comjjosed  of  loose  areolar  tissue,  which  allows  of  a  free 
movement  of  tlie  mucous  layer  on  the  muscular  coat,  and  which  also  admits,  under 
certain  abnormal  conditions,  of  a  prolapse  of  the  mucous  membrane  through  the  anal 
orifice.    The  ha3morrhoidal  plexus  of  veins  is  contained  in  this  layer. 

4.  The  mucous  coat  must  be  considered  separately  in  the  rectum  and  anal  canal. 
That  of  the  rectum  is  redder  in  colour  than  the  mucous  membrane  of  the  colon,  as  a  result 
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of  its  greater  vascularity.  It  is  also  thicker,  and  owing  to  the  looseness  of  the  underlying 
submucosa,  is  thrown  into  numerous  irregular  rugte  when  the  rectum  is  empty  ;  these 
disappear  when  the  bowel  is  distended,  and  there  then  become  evident  three  (sometimes 
more,  sometimes  less)  crescentic  folds,  which  are  much  less  noticeable  in  the  empty  state, 
and  which  have  been  already  referred  to  as  the  rectal  valves.  Lymphoid  nodules  and 
glands  of  Lieberkiihn  are  present ;  but  these  latter  are  not  so  numerous  as  in  the  colon, 
although  their  calibre  is  greater. 

The  mucous  membimie  of  the  anal  canal  presents  in  its  upper  half  a  number  of 
vertical  ridges  known  as  the  colmnns  of  Morgaffni ;  between  the  lower  ends  of  these  are 
found  a  series  of  small  semilunar  folds  which  are  disposed  horizontally  around  the 
passage  and  are  called  the  anal  valves  (Fig.  705).  Above  the  level  of  the  anal  valves 
the  canal  is  lined  by  a  modified  mucous  membrane  resembling  that  of  the  rectiuii  ;  the 
portion  below  the  valves  {i.e.  the  lower  12  to  16  mm.  of  the  canal)  is  covered  by  modified 
skin,  continuous  with  that  around  the  anus. 

The  mucous  membrane  of  the  rectum  presents  a  characteristic  punctated  appearance,  which 
is  due  to  the  f)reseiice  of  a  considerable  number  of  rounded  depressions,  sucli  as  might  Ije  made  h\ 
firmly  pressing  a  finely-pointed  pencil  against  the  membrane.  These  rectal  pits,  of  which  we 
can  find  no  previous  description,  are  tuliular  in  form,  and  have  an  accumulation  of  lyniplioid 
tissue  at  the  bottom  of  each  ;  the  whole  appearance  being  such  as  might  be  produced  if  a  small 
solitary  gland  were  drawn  down  from  the  surface  into  the  intestinal  wall. 

Rectal  Valves,  or  Valves  of  Houston  (plicae  transversales  recti). — These,  some- 
times termed  the  valves  of  Kohlrausch,  are  crescentic  shelf-like  folds  which  project 
into  the  cavity  of  the  rectum  on  its  lateral  aspects  (Fig.  704).  They  are  composed 
of  an  infolding  of  the  mucous,  submucous,  and 
greater  part  of  the  muscular  coats,  and  their 
form  is  preserved  by  the  relative  shortness  of 
the  anterior  and  posterior  bands  of  longi- 
tudinal muscular  fibres.  They  are  produced, 
as  pointed  out  above,  by  the  projection,  into 
the  interior  of  the  bow^el,  of  the  creases  on  the 
exterior  which  result  from  the  lateral  inflec- 
tions of  the  rectum.  .  In  the  majority  of  cases 
three  are  present  (there  may  be  four,  five,  or,  it 
is  said,  even  more),  but  often  the  lowest  of  the 
three  is  small  or  al>sent ;  or  all  the  valves  may 
be  ill-developed  aiid  indistinct.  When  mesial 
sections  of  the  empty  rectum  are  examined,  the 
Valves  are  not  easily  seen  (Fig.  737),  as  they 
then  project  but  slightly,  and  are  almost  com- 
pletely hidden  amongst  the  numerous  rugte  of 
the  mucous  coat.  They  are  most  evident  in 
a  distended  rectum  which  has  been  hardened 
in  situ ;  they  can  also  be  seen  during  life,  per 
anum,  with  the  aid  of  a  rectal  speculum. 

As  a  rule  two  valves  are  found  on  the  left  and 
one  on  the  right  side ;  this  latter  is  generally  the 
largest,  and  is  situated  a  little  above  the  level  of 
the  peritoneal  reflection,  viz.  3  or  3^  inches  (7 "5  to 
8-7  cm.)  above  the  anus  ;  the  other  two  valves  are  found  about  1  to  H  inches  (2-5  to  3-7  cm.) 
higher  up  and  lower  down  respectively.  The  valves  are  distinctly  marked  in  the  foetus 
(see  Fig.  705),  and  seem  to  constitute  an  essential  part  of  the  human  rectum,  their  use 
being  to  support  the  contents  of  the  rectum,  which  they  break  up  into  segments,  each 
supported  by  a  valve  (see  p.  1038).  They  are  said  to  interfere  sometimes  with  the 
introduction  of  an  enema  tube. 

The  rectum  in  animals  generally  is  free  from  the  lateral  inflexions  descrilied  above,  and  tlie' 
condition  found  in  man  is  evidently  an  adaptation  to  the  erect  attitude.  In  quadrupeds  the 
contents  of  the  rectum  do  not  press  unduly  on  the  sphincter,  owing  to  the  horizontal  position  of 
the  body.  Witli  the  assumption  of  the  erect  attitude,  on  the  other  hand,  the  whole  weight  of 
the  contents  would  be  thrown  on  the  sj^hincters,  were  it  not  for  the  lateral  foldings  and  the 
resulting  shelves. 


Fig.  704. — Diagram  of  Eectum,  showing 
Houston's  valves  iu  interior. 

Tlie  diagram  is  a  reduced  tracing  of  Fig.  702. 
Alter  removal  of  the  prostate,  etc.,  an 
aperture  was  made  in  the  anterior  wall 
of  the  rectum,  through  which  two  rectal 
valves  can  be  seen  corresponding  to 
lateral  inflections  on  the  exterior.  The 
levator  ani  is  also  shown,  and  its  relation 
to  the  beginning  of  the  anal  canal  is 
suggested. 
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Columns  of  Morgagni  (column;e  recti  Morgagui). — The  mucous  membrane  of 
the  anal  canal  presents,  in  its  upper,  and  part  of  its  middle  thirds,  a  number  (5  to 
10)  of  permanent  vertical  folds,  separated  by  grooves,  and  known  as  the  columns 

of   Morgagni   (Fig.    705). ' 
,  They  are  usually      to  h, 

.'"^mA.  inch   (8  to  12   mm.)  in 

lengtli,  \  to  \  inch  (3  to 
6  mm.)  in  width,  and  they 


Longitudinal 
fibres  of, 
rectum 


Part  of 
levator  aniV,'«i^i»A' 

Internal  _VM^^i 
sphincter  '""SI^&X 


Anal  canal  V 


extend  down  to  within  \ 


Fig.  705.- 


or  I  inch  (12  to  7  mm.)  of 
the  anal  aperture.  They 
are  formed  by  infoldings  of 
the  mucous  membrane,  con- 
taining in  their  interior 
some  unstriped  muscle  de- 
\nai  valves  j^.^yed  from  the  muscularis 
mucosae,  and  also,  as  a  rule, 
an  artery  and  a  vein. 

Very  often  the  contained 
vein  pi-esents  an  enlargement, 
or  a  knob4ike  tortuous  plexus 
in  the  lower  part  of  the 
coluniu  J  below  this  the  plexus 
is  continued  down  beneath  the 
mucous  membrane  of  the 

lower  zone  of  the  anal  canal  into  the  anal  veins  (see  page  1045).  This  portion  has 
accordingly  been  described  as  the  htemorrhoidal  zone  of  the  anal  canal.  Sometimes 
the  columns  of  Morgagui  are  very  indistinct ;  occasionally  no  trace  of  them  can  be  found, 
although  in  the  foetus  (Fig.  706)  they  are  usuall}^  well  marked. 

Anal  Valves  (of  Morgagni). — -If  a  probe  be  passed  downwards  along  the 
groove  which  separates  two  adjacent  columns  of  Morgagni  (Fig.  705),  its  point 
will  usually  catch  in  a  small  crescentic  fold  which  joins  the  lower  ends  of  the  two 
columns.  These  little  folds,  which  resemble  in  miniature  the  segments  of  the 
semilunar  valves  of  the  heart,  are  the  anal  valves.  They 
upwards,  and  behind  each 


-The  Interior  of  the  Anal  Canal  and  Lower  Part 
OF  Rectum, 

Showing  the  cohnnns  of  Morgagni  ami  the  anal  valves  between  their 
lower  ends.  The  columns  were  more  numerous  in  this  specimen 
than  usual. 


is  found  a  little  pocket- 
like sinus  (sinus  rectalis). 


project  inwards  and 


These  valves  were  first 
described  by  Morgagni.  Re- 
cently the  view  has  been 
advanced  by  Ball  that  they 
are  the  remains  of  the  em- 
bryonic eloacal  or  anal  mem- 
brane ;  and  he  explains  tlie 
production  of  "painful  fissure 
of  the  anus  "  by  the  tearing 
down  of  one  of  them  during 
deftecation  l)y  liardened 
masses  of  fffices. 

The  eijideriiiis  is  con- 
tinued in  a  thiu  and  modified 
form  from  the  exterior  up  along  the  anal  canal  as  far  as  the  margins  of  the  anal  valves ;  and  tlie 
view  is  pretty  generally  held  that  only  this  lower  portion  of  the  anal  passage  is  formed  from  the 
proctodeum  in  the  embryo.  Tlie  junction  of  the  skin  with  the  mucous  membrane  is  indicated 
by  a  fine  wavy  line  ("  white  line  "  of  Hilton — aiio-cutaneous  line  of  Hermann)  wliich  runs  around 
the  bowel  at  the  level  of  the  valves.  The  mucous  membrane  of  the  region  immediately  above 
the  anal  valve*  is  of  a  more  or  less  transitional  nature  ;  glands  are  absent  from  it,  and  over  the 
columns  of  Morgagni  it  is  said  to  be  covered  with  stratified  epithelium,  the  superficial  cells  of 
which  are  flattened,  whilst  in  the  grooves  between  the  columns  the  epithelium  is  columnar. 
In  tlie  ujiper  zone  of  tlie  anal  canal  the  mucous  membrane  gradually  approaches  to  the  rectal 
tyjie,  but  the  Lielxukiihn's  glands  and  Ijmiphoid  nodules  are  few  and  scattered. 

Anus  or  Anal  Orifice. — At  the  inferior  aperture  of  the  anal  caual,  the 


-The  Anal  Canal  and  Lower  Part  of  Rectum  in  the 

FCETUS. 

A,  aged  4  to  5  months  ;  B,  6  months  ;  and  C,  9  months.  In  each  the  anal 
caual  is  distinctly  marked  off  from  the  rectum  proper  ;  the  columns  of 
Morgagni  and  the  rectal  valves  are  distinct.    R.V.  Rectal  valves. 
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modified  skin  of  its  lower  zone  passes  into  the  ordinary  skin.  A  little  way 
outside  the  orifice,  hairs,  sebaceous  glands,  and  large  modified  sweat-glands 
(glandulae  circumanales)  appear. 

Action  of  the  Sphincters. — In  connection  with  the  anal  canal  are  found  three  muscles — 
namely,  tlie  paired  levatores  ani,  the  external  sphincter,  and  the  internal  sphincter — the  action 
of  wliich  should  be  liriefly  referred  to  here. 

Levator  Ani. — The  fibres  of  the  levator  wliicli  arise  from  the  pubis  (ijubo-coccygeus  or 
sjjhincter  recti  portion)  pass  backwards  on  each  side  of  the  beginning  of  the  anal  canal,  and,  in 
great  part,  meet  behind  the  passage.  These  two  muscular  bands — which  are  but  a  little  distance 
apart  at  their  origin,  and  are  actually  united  behind  the  bowel  —  are  closely  approximated 
during  the  contraction  of  the  muscles,  like  the  limbs  of  a  clamp),  and,  pressing  on  the  sides  of  the 
anal  canal,  they  assist  in  closing  the  upper  part  of  that  j^assage,  whilst  at  the  same  time  drawing 
it  slightly  towards  the  pubes.  There  is  little  doubt  that  the  levator  ani  in  this  way  acts  as  one 
of  the  chief  sphinctei's  of  the  bowel ;  and  it  should  be  noticed  that  it  is  jjlaced  where  its  action 
would  be  most  effective,  namely,  ojDpiosite  the  point  at  which  the  rectum  is  narrowed  or  "  jjinched 
in  "  to  form  the  anal  canal.  In  addition  to  its  sphincter  action  the  muscle  suj^ports  the  expanded 
Ijowel  immediately  above  the  anal  canal,  and  in  this  way  sustains  the  weight  of  the  faces  when 
the  rectum  is  distended.  It  is  probably  relaxed  during  defaecation,  except  perhajis  at  the  com- 
pletion of  the  act.    The  muscle  is  under  the  control  of  the  will. 

The  external  sphincter  forms  a  muscular  cylinder  around  the  lower  two-thirds  of  the  anal 
canal,  with  (except  in  the  case  of  some  of  its  inner  fibres)  an  anterior  and  a  piosterior  attachment. 
When  the  muscle  contracts,  its  fibres  are  tightly  stretched  between  its  two  attachments,  and  the 
space  between  them  is  reduced  to  a  narrow  antero-posterior  slit.  By  this  action  the  anal  canal  is 
flattened  from  side  to  side  and  closed,  so  that,  whilst  the  levator  ani  is  the  sj)hincter  of  the  upper 
ajaerture  of  the  anal  canal,  the  external  sphincter  closes  its  lower  and  greater  part.  It  is  under 
the  control  of  the  will,  but  under  ordinary  circumstances  it  is  in  a  state  of  tonic  contraction. 

The  internal  sphincter  is  merely  a  thickening  of  the  circular  muscular  coat  at  the  lower  end 
of  the  bowel.  It  is  continuous  with  the  circular  fibres  of  the  gut,  not  only  in  structure,  but 
jji'obably  also  in  action,  its  chief  use  being  to  emp>ty  the  anal  canal  completely,  after  the  passage 
of  each  faecal  mass.  Owing  to  the  fact  that  the  canal  is  an  antero-posterior  slit,  not  a  circular 
orifice,  and  that  the  internal  sphincter  forms  a  muscular  ring  around  it,  acting  alone,  it  is  scarcely 
competent  to  keep  the  sides  of  the  canal  in  a^jposition,  and  probably  it  acts  rather  as  a  detrusor 
than  a  true  sphincter  of  the  anal  passage. 

Vessels. — The  rectum  and  anal  canal  receive  their  blood  supp)ly  from  three  chief  sources, 
namely,  the  three  hcemorrhoidal  arteries  ;  to  these  another  less  important,  though  constant, 
source  may  be  added — the  middle  sacral  artery. 

1.  The  superior  haemorrhoidal,  the  principal  artery  of  the  rectum,  is  the  prolongation  of  the 
inferior  mesenteric  trunk  (Fig.  566,  p.  795).  At  first  it  descends  in  the  root  of  the  pelvic  meso- 
colon until  the  rectum  is  reached.  Here  it  divides  into  two  chief  branches  which  run  downwards 
and  forwards  around  the  sides  of  the  rectum — the  right,  usually  the  larger,  lying  more  Ijehind, 
the  left  more  to  the  front,  and  the  two,  as  it  were,  embracing  the  bowel  between  them  (Fig.  701). 
From  these  two  arteries  come  off  secondary  branches  (about  five  to  eight  in  all),  which  pierce  the 
muscular  coat  about  the  middle  of  the  rectum,  and  then  descend  in  the  submucosa  as  a  series  of 
longitudinally -running  "  terminal  branches  "  as  far  as  the  anal  valves,  above  the  level  of  which 
one  is  usually  found  beneath  each  column  of  Morgagni.  These  terminal  branches  give  oft' 
numerous  twigs  in  their  course,  which  form  a  haemorrhoidal  plexus  in  the  submucosa  by 
anastomosing  with  one  another,  and  also  with  branches  of  the  middle,  and,  in  the  lower  part  of 
the  bowel,  of  the  inferior  luemorrhoidal  artery. 

2.  The  middle  haemorrhoidal  arteries,  two  in  number — one  on  each  side — are  usually 
Ijranches  of  the  anterior  division  of  the  internal  iliacs ;  they  run  down  on  the  side  wall  of 
the  lower  part  of  the  rectum,  and  after  giving  off  branches  to  the  bladder,  seminal  vesicles, 
prostate  (or  vagina,  according  to  the  sex),  each  breaks  up  into  four  or  five  small  branches,  some 
of  which  supply  the  muscular  wall  of  the  lower  part  of  the  rectum,  whilst  the  others  pierce  the 
muscular  coat  near  the  upper  end  of  the  anal  canal,  and  join  in  the  submucosa  with  the  plexus 
formed  by  the  superior  hosmorrhoidal  artery  already  described. 

3.  The  inferior  haemorrhoidal  arteries,  generally  two  or  three  in  number  on  each  side,  arise 
at  variable  levels  from  the  internal  pudic  arteries,  whilst  these  latter  are  situated  on  the  outer 
side  of  the  ischio-rectal  fossai.  They  pass  inwards  and  downwards  through  the  fat  in  the 
fossae,  and,  near  the  wall  of  the  anal  canal,  break  up  into  branches,  some  of  which  are  distri- 
buted to  the  levatores  ani  and  the  sphincters,  whilst  others  pierce  the  sphincters  and  break  wp  in 
the  submucosa  into  a  close  network  which  supplies  the  lower  part  of  the  anal  canal,  and  com- 
municates above  with  the  plexus  formed  by  the  superior  and  middle  haemorrhoidal  arteries. 
The  inferior  haemorrhoidal  ai'tery  is  distributed  chiefly  on  the  back,  and  the  middle  haemorrhoidal 
chiefly  on  the  front  of  the  lower  part  of  the  l)owel. 

4.  One  or  more  small  branches  of  the  middle  sacral  artery  reach  the  back  of  the  rectum, 
where  they  are  distributed  <;liiefly,  if  not  solely,  to  the  muscular  coat. 

Anastomosis  of  the  Haemorrhoidal  Arteries. — The  superior  and  middle  haemorrhoidal  arteries 
anastomose  freely,  not  only  in  the  liajmorrlioidal  plexus  of  the  submucosa,  but  also,  as  a  rule,  by 
a  few  large  branches  on  the  exteiior  of  the  bowel :  some  perforating  branches  of  the  middle 
sacral  also  join  the  plexus  in  the  suljmucoris  layer  at  the  lower  part  of  the  rectum,  as  do  numerous 
small  branches  from  the  inferior  haemorrhoidal  arteries  which  pierce  the  sphincters.    In  addition. 
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small  branches  of  these  several  arteries  unite  with  one  another  in  the  muscular  coat.  It  should 
be  'remarked  that  the  superior  haemorrhoidal  artery  supplies  both  the  muscular  and  mucous 
coats  above,  whilst  it  is  confined  to  the  latter  in  the  lower  few  inches  of  the  gut,  the  muscular 
coats  here  being  supplied  by  the  middle  and  inferior  hsemorrhoidal  vessels. 

Veins  of  the  Rectum  and  Anus. — These  form  two  chief  jilexuses  of  large  vessels  devoid  of 
valves,  namely,  tlie  internal  lueinoi-rhoidal  plexus  situated  in  the  submucous  coat,  and  the 
external  hfemorrhoidal  plexus  in  the  outer  coat.  The  internal  hsemorrhoidal  plexus  takes  origin 
near  the  margin  of  the  anus  in  a  number  of  small  (anal)  veins,  which  are  radially  disposed 
beneath  the  skin  of  the  anus,  and  communicate  below  with  the  rootlets  of  the  inferior  haemor- 
rhoidal  vein  over  the  external  sphincter.  These  anal  veins,  traced  upwards,  join  together,  and 
are  joined  by  others  from  the  surrounding  parts  to  form  larger  and  often  tortuous  vessels,  which 
ascend  in  the  columns  of  Morgagni,  where  they  frequently  jjresent  ampullary  enlargements, 
varying  in  size  up  to  that  of  a  small  pea,  which  are  said  to  be  the  starting-points  of  htemorrhoids. 
Passing  ujjwards,  the  veins  are  known  as  the  "terminal  veins"  ;  they  communicate  freely  with 
one  another,  forming  the  plexus,  and  unite  into  still  larger  vessels,  which  pierce  the  muscular 
coat  about  the  middle  of  the  rectum,  and  join  the  two  lu'anches  of  the  superior  luemorrhoidal  vein. 

From  the  lower  part  of  the  internal  luemorrlioidal  plexus  numerous  vessels  pass  through 
the  external  sjihincter  to  join  a  venous  network  on  the  outer  surface  of  that  muscle,  from 
which  the  inferior  hsemorrhoidal  veins  arise.  This  network,  as  pointed  out  above,  also  com- 
municates with  the  internal  luemorrhoidal  plexus,  through  the  anal  veins  whiph  descend  from 
the  latter  beneath  the  skin  of  the  anal  canal,  to  the  exterior  of  the  sphincter. 

The  various  veins  which  jiass  out  through  the  walls  of  the  rectum  unite  freely  on  its 
exterior  to  form  a  rich  venous  jilexus  (external  hsemorrhoidal  plexus),  through  which  the  three 
liaemorrhoidal  vessels  are  brought  into  free  communication  with  one  another.  Passing  off  from 
this  plexus,  the  superior  hsemorrhoidal  vein  joins  the  inferior  mesenteric,  which  opens  into  the 
portal  vein  ;  the  middle  luemorrlioidal  joins  the  internal  iliac,  a  tributary  of  the  vena  cava  ; 
and  the  inferior  luemorrhoidal  joins  the  internal  pudic,  a  tributary  of  the  internal  iliac. 
Thus,  on  the  rectum,  a  free  anastomosis  is  established  between  the  veins  of  the  portal  and 
.systemic  circulations. 

Lymphatics. — Most  of  the  lymphatics  of  the  rectum  join  a  number  (four  or  five)  of  rectal 
glands  found  in  the  connective  tissue  coat  of  the  bowel  along  the  superior  liEemorrhoidal 
\eiii  and  its  two  branches,  whence  they  pass  to  the  sacral  glands  on  the  front  of  the  sacrum. 
Some  of  those  from  the  lower  jiart  of  the  anal  canal  join  the  cutaneous  lymphatics  round  the 
anus,  and  jjass  with  them  to  the  oblique  set  of  superficial  inguinal  glands.  A  few  of  the 
lymphatics  from  the  lower  portion  of  the  rectum  are  said  (by  Quenu)  to  join  the  internal  iliac 
glands,  but  these  are  inconstant  according  to  Gerota. 

Nerves. — The  nerves  of  the  rectum  come  partly  from  the  sympathetic  and  partly  from  the 
cerebro-spinal  system.  The  sympathetic  fibres  are  derived  on  the  one  hand  from  the  inferior 
mesenteric  plexus,  and  on  the  other  from  the  right  and  left  divisions  of  the  hypogastric  plexus 
{i.e.  the  pelvic  jjlexuses),  the  former  accompanying  the  superior  hsemorrhoidal,  the  latter  the 
middle  hfemorrhoidal  vessels,  to  the  rectuni.  The  cerebro-si^inal  fibres  arise  from  the  second, 
third,  and  fourth  sacral  nerves  soon  after  these  leave  the  sacral  foramina  (and  constitute  the 
"  jjelvic  splanchnics "  of  Gaskell).  They  run  forward  in  the  pelvic  connective  tissue,  and 
joining  the  pelvic  plexuses,  reach  the  side  of  the  rectum.  Fibres  of  the  inferior  hsemorrhoidal 
branch  of  the  internal  pudic  nerve  (third  and  fourth  sacral)  are  also  distributed  to  the  lower  part 
of  the  anal  canal  as  well  as  to  the  external  sphincter. 

It  has  been  shown  by  experiments  on  animals,  that  the  cerebro-spinal  nerves  (from  the 
second,  third,  and  fourth  sacral)  convey  motor  impulses  to  the  longitudinal  fibres,  but  inhibitory 
impulses  to  the  circular  muscular  fibres.  In  like  manner  the  branches  from  the  sympathetic 
convey  motor  fibres  (derived  from  some  of  the  lumbar  rami  communicantes)  to  the  circular 
muscle,  and  inhibitory  fibres  to  the  longitudinal  muscle  of  the  rectum. 

The  refiex  centre  which  governs  the  action  of  the  sphincters  and  the  muscular  fibres  of  the 
rectum  ("  defaication  centre  ")  is  situated  in  the  lumbar  region  of  the  cord,  and  appears  to  be 
capable  of  carrying  out  the  whole  act  of  defaication  even  when  separated  from  the  brain. 

Variations. — ^The  best  known  anomalies  found  in  connexion  with  the  rectum  are  those 
classed  under  the  term  imperforate  anus  or  atresia  ani.  The  atresia  may  be  simply  due  to  a 
partial  or  comi^lete  jjersistence  of  the  anal  membrane  (see  ji.  43),  which  separates  the  procto- 
d;eum  from  the  hind-gut  in  the  embryo  (artresia  ani  simplex) ;  or  the  hind-gut  may  be  deficient 
in  its  lower  part,  when  there  is  a  considerable  interval  between  the  proctodiBum  and  the  gut 
(defectus  recti  jjartialis,  vel  totalis) ;  or  the  rectum  may  open  into  the  vagina,  the  uterus,  the 
bladder,  or  the  ureters,  when  usually  no  anus  is  evident ;  or  finally  the  cloaca  may  persist. 
Other  forms  are  also  described,  but  the  foregoing  are  those  most  commonly  foiind. 

For  the  development  of  the  rectum  and  anus,  see  pp.  32  and  43. 


THE  PERITONEUM. 

An  introductory  sketch  of  the  peritoneum  was  given  on  p.  997 ;  subsequently, 
when  describing  the  abdominal  viscera,  an  account  of  its  detailed  relations  to 
each  of  these  was  included.  We  shall  here  consider  the  membrane  and  its  folds  as 
parts  of  one  continuous  wliule  ;  and  we  shall  also  describe  its  arrangement  as  seen 
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on  horizontal  and  vertical  sections  of  the  abdomen — a  favourite  method  of  studying 
the  peritoneum. 

As  already  explained,  the  peritoneum  is  the  serous  membrane  which,  on  the 
one  hand,  lines  the  abdominal  cavity,  and  on  the  other  forms  a  more  or  less 
complete  covering  for  the  contained  viscera.  The  portion  which  lines  the 
I  walls  of  the  cavity  is  known  as  the  parietal  peritoneum  (peritoneum  parietale), 
that  which  clothes  the  viscera  as  the  visceral  peritoneum  (peritoneum  viscerale). 
The  meml)rane  is  connected  to  both  walls  and  viscera  by  a  layer  of  areolar  tissue — 
the  extra  or  subperitoneal  connective  tissue — which  is  considerable  in  amount  in 
certain  regions,  whilst  it  is  reduced  to  a  mere  trace  in  others,  particularly  on  the 
viscera.    (The  subperitoneal  tissue  is  described  at  p.  995.) 

The  peritoneum  is  described  as  consisting  of  two  sacs — a  greater  and  a  lesser. 
The  former  lines  the  greater  portion  of  the  abdominal  cavity,  and  invests  most  of 
the  abdominal  viscera  ;  the  latter  lies  chiefly  behind  the  stomach,  and  is  much  more 
restricted  in  its  distribution.  It  must  be  clearly  understood  that  these  two  sacs 
are  not  two  separate  cavities,  but  simply  subdivisions  of  one  great  cavity ;  for  the 
lesser  is  merely  a  recess  of  the  greater  sac,  from  which  it  has  become  partly  shut 
off  by  changes  that  take  place  in  the  position  of  the  adjacent  viscera  during  their 
development.  If  the  great  sac  be  compared  to  a  bag,  the  lesser  sac  might  be  repre- 
sented as  a  pocket  lying  behind,  and  opening  into  it  by  a  narrow  orifice — the  foramen 
of  Wiuvslow — on  its  posterior  wall. 

Speaking  generally,  the  great  sac  lines  the  walls  of  the  abdominal  cavity,  and  it  also 
covers  the  various  organs  which  receive  a  peritoneal  investment,  except  the  back  of 
the  stomach,  the  Spigelian  and  caudate  lobes  of  the  liver,  the  left  suprarenal  capsule, 
the  upper  surface  of  the  pancreas,  and  also  parts  of  the  spleen,  left  kidney,  and  transverse 
colon  ;  all  of  which,  as  well  as  the  parietes  behind  the  Spigelian  lobe,  are  clothed  by  the 
small  sac. 

The  great  sac  of  the  peritoneum  is  placed  between  the  parietes  in  front  and 
the  abdominal  viscera  behind.  It  is  composed  of  two  layers,  an  anterior  which 
lines  the  anterior  abdominal  wall,  and  a  posterior  which  covers  the  viscera ;  but 
this  posterior  layer  is  carried  forwards  by  the  viscera,  so  that  the  two  layers  come 
in  contact,  and  the  cavity  of  the  sac  is  practically  obliterated. 

The  anterior  layer  of  the  great  sac  covers  the  anterior  abdominal  wall  com- 
pletely, from  the  diaphragm  above  to  the  pelvis  below.  Over  the  greater  part  of 
its  extent  the  connection  of  the  peritoneum  to  the  wall  is  by  a  small  amount  of 
fatty  extra -peritoneal  connective  tissue;  but  below,  near  the  pubic  region,  the 
fat  is  more  abundant,  and  the  connection  between  the  two  becomes  much  looser. 
This  is  to  allow  of  the  peeling  off  of  the  peritoneum,  which  takes  place  here  during 
distension  of  the  bladder.  As  the  bladder  enlarges  it  passes  up  along  the  anterior 
abdominal  wall,  off  which  it  strips  the  peritoneum,  so  that,  in  the  fuUy  distended 
condition,  it  may  be  in  contact  with  this  wall,  without  the  interposition  of  peri- 
toneum, for  a  distance  of  two  inches  (5'0  cm.,  or  occasionally  more)  above  the  pubes 
(Fig.  738). 

Running  up  in  this  fatty  tissue  are  found  five  cord-like  structures,  one  placed 
in  the  middle  line,  and  two  at  each  side.  These  are  (a)  tire  urachus^ — -the  remains  of 
the  allantois  of  the  foetus — which  in  the  adult  is  a  slender  fibrous  band  connected 
to  the  umbilicus  above,  and  to  the  apex  of  the  bladder  below,  where  it  usually 
becomes  much  stouter.  External  to  the  urachus,  and  some  distance  from  it  (Fig. 
703),  will  be  found,  in  the  same  fatty  tissue,  (6)  two  stouter  fibrous  cords,  the 
obliterated  hypogastric  arteries  (arterise  umbihcales).  Traced  upwards,  these  also 
become  more  slender,  and  approach  the  urachus,  along  with  whicli  they  are  con- 
nected to  the  umbilicus.  Below,  they  grow  thicker,  and  can  be  foUowed  backwards 
along  the  side  waU  of  the  pelvis  to  the  internal  iliac  arteries,  which  they  join, 
(f)  Further  out  still,  the  deep  epigastric  arteries  are  seen  running  upwards  and 
inwards  from  the  external  iliac  trunk  on  each  side. 

When  the  anterior  abdominal  waU  is  examined  from  l:>ehind,  it  will  be  seen 
that  these  five  structures  which  lie  on  the  front  of  the  peritoneum  carry  that 
membrane  inwards  towards  the  abdominal  cavity  in  the  form  of  five  more  or  less 
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distinct  ridyes,  in  relation  to  which  are  found  on  each  side  three  peritoneal  fossis,. 
known  as  tlie  inguinal  pouches  or  fossae  (fovea  inguinales).. 

The  external  inguinal  fossa  (fovea  inguinalis  lateralis)  lies  outside  the  deep  ejjigastric  arter}-, 
and  corvesjioiids  to  the  position  of  the  internal  alidoiuinal  ring.  At  its  bottom  is  often  found 
a  dimple-like  depression  of  the  peritoneum,  indicating  the  point  from  which  the  processus 
vaginalis  ])asse(l  down,  in  connexion  with  the  descent  of  the  testicle.  The  middle  inguinal  fossa 
(fovea  inguinalis  mesialis}  is  situated  between  the  deep  epigastiic  and  the  obliterated  hypogastric 
arteries  ;  whilst  the  internal  inguinal  fossa  (fovea  inguinalis  interna,  fovea  supravesicalis)  lies 
to  the  inner  side  of  the  obliterated  hypogastric  artery,  namely,  between  it  externally  and 
the  urachus  internally.  Seeing  that  the  obliterated  hypogastric  artery,  in  passing  uj)wards, 
crosses  Hasselbach's  triangle,  dividing  it  into  an  outer  and  an  inner  part,  it  follows  that  the 
middle  inguinal  fossa  corresponds  to  the  outer  division  of  the  triangle,  and  the  inner  fossa  to  its 
inner  division. 

Still  another  fossa  of  the  peritoneum  is  seen  in  this  region,  just  beneath  the  inner  part  of 
Poupart's  ligament,  corresponding  to  the  position  of  the  femoral  or  crural  ring,  and  consetpiently 
known  as  the  femoral  or  crural  fossa  (fovea  fenioralis).  It  may  be  added  that  the  vas  deferens 
crosses  the  outer  part  of  this  latter  fossa,  and  the  obliterated  hypogastric  artery  its  inner  part. 
The  significance  of  these  fosste  is  pointed  out  in  connection  with  the  apjilied  anatomy  of  the 
inguinal  and  femoral  regions. 

Near  the  middle  line,  above  the  iimlnlicus,  the  peritoneum  is  carried  back  from 
the  anterior  abdominal  wall  and  diaphragm  to  the  parietal  surface  of  the  liver  in 

the  form  of  a  crescentic  fold,  the 
falciform  ligament  of  the  liver 
(ligamentum  falciforme  hepatis, 
described  with  the  liver),  which 
connects  the  liver  to  the  abdo- 
minal wall.  This  fold  lies 
somewhat  to  the  right  of  the 
middle  line,  and  extends  almost 
as  low  down  as  the  umbilicus. 
It  consists  of  two  layers  of  peri- 
toneum, lietween  which,  in  the 
lower  border  of  the  fold,  runs  the 
round  ligament  of  the  liver — 
the  remains  of  the  umbilical  vein 
of  the  foetus. 

Posterior  Layer  of  the  Great 
Sac. — After  clothing  the  anterior 
al:)dominal  wall,  in  the  manner 
just  descriljed,  the  anterior  layer 
of  the  great  sac  is  continued 
IjacTi  on  the  under  surface  of 
the  diaphragm,  until  this  latter 
l)egins  to  descend  behind  the 
liver,  when  it  is  reflected  from 
the  diaphragm  on  to  the  upper 
aspect  of  the  liver,  and  here  the 
anterior  passes  into  the  posterior 
layer  of  the  great  sac.  The 
posterior  layer  first  clotlaes  the 
upper  aspect  of  the  liver,  then 
turns  round  its  anterior  border, 
and  is  continued  back  on  the 
under  surface  as  far  as  the  attach- 
ment of  the  lesser  omentum,  where 
it  quits  the  liver  and  passes  down,  as  the  anterior  layer  of  the  lesser  omentum, 
to  the  lesser  curvature  of  the  stomach. 

The  line  of  reflexion  from  diajjhragm  to  liver  is  interrujited  near  the  mesial  plane  by  the 
falciform  ligament.  The  portion  lying  to  the  right  of  this  fold  forms  the  upjjer  layer  of  the 
coronary  ligament ;  that  to  the  left  of  it,  the  ujjper  layer  of  the  left  lateral  ligament  of  the  liver. 

The  extent  to  which  the  peritoneum  of  the  great  sac  passes  liack  on  the  under" surface  of  the 
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707. — DlAdHAM.MATlC  MESIAL  bECTION  OF  FEMALE  BODY, 

to  show  the  )ieiitoiieum  on  vertical  tracing.  The  great  sac 
of  the  peritoneum  is  black  and  is  represented  as  being 
much  larger  than  in  nature  ;  the  small  sac  is  verj*  darkly 
shaded  ;  the  peritoneum  in  section  is  shown  as  a  white 
line  :  and  a  white  arrow  is  passed  through  tlie  foramen  of 
Winslow  from  the  great,  into  the  small  sac. 
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liver  varies  according  as  it  is  traced  at  the  riglit,  tlie  left,  or  the  middle  portion  of  the  liver.  It 
clothes  the  riglit  portion  as  far  l:>ack  as  the  lower  edge  of  the  un€0\-ered  area  of  the  liver,  where 
it  is  reflected  on  to  the  posterior  \\-dll  of  the  abdomen  and  the  top  of  the  right  kidney  (constitut- 
ing the  hepato-renal  ligament),  as  the  lower  layer  of  the  coronary  ligament.  On  the  left  portion 
it-is  continued  back  as  far  as  the  posterior  border  of  the  left  lolie — or  even  a  little  way  on  to  its 
•iujjper  surface — whence  it  passes  to  the  diaphragm  as  the  inferior  layer  of  the  left  lateral 
ligament.  The  middle  region  of  the  under  surface  it  clotlies  only  as  far  as  the  portal  fissure  and 
the  fissure  of  the  ductus  venosus  ;  from  these  the  peritoneum  is  carried  down  as  the  auteiior  layer 
of  the  lesser  omentum  to  the  lesser  curvature  of  the  stomach,  where  we  shall  ix'turn  to  it  directly. 

The  jjeiritoneum,  which  j^asses  back  on  the  under  surface  of  the  diaphragm  to  the  left  of  the 
liver,  is  continued  down  on  the  posterior  abdominal  wall,  behind  the  fundus  of  the  stomach  and 
the  spleen,  until  the  left  kidney  is  reached.  It  covers  the  ujaper  and  outer  part  of  the  kidney, 
and  is  then  carried  forward  as  the  lieno-renal  ligament  to  the  sjdeen,  around  whicli  it  passes 
— clothing  its  renal,  phrenic,  and  gastric  surfaces — as  far  as  the  hilus  (Fig.  709) ;  from  this  it 
is  carried  to  the  stomach  as  the  anterior  layer  of  the  gastro-splenic  omentum.  Similarly,  the 
under  layer  of  the  left  lateral  ligament  is  continued  down  on  the  back  part  of  the  diaphragm  to 
the  cesoj^hagus,  the  anterior  and  left  sides  of  whicli  it  clothes.  It  also  forms  a  little  fold  at  the 
left  of  the  oesophagus,  known  as  the  gastro-phrenic  ligament  (see  p.  1007  and  Fig.  710). 

At  the  right  side,  the  portion  of  the  jjeritoneum  wliich  forms  the  under  layer  of  the 
coronary  ligament  is  carried  down  over  the  right  kidney  (and  lower  part  of  the  sujjrarenal 
capsule)  to  the  duodenum  and  hepatic  flexure,  over  both  of  which  it  passes. 

We  shall  now  follow  down  the  posterior  layer  of  the  great  sac — which  we 
have  akeady  traced  to  the  stomach — as  seen  in  a  sagittal  section  (Fig.  707). 

Having  reached  the  lesser  curvature  of  the  stomach,  it  passes  down  over  the 
front  of  that  organ,  clothing  it  completely  as  far  as  the  great  curvature.  From 
this  it  descends,  in  front  of  the  transverse  colon  and  small  intestine,  forming  the 
anterior  layer  of  the  great  omentum — a  large  apron-like  fold,  containing  the  lower 
part  of  the  small  sac  in  its  interior,  which  hangs  down  from  the  stomach.  Arrived 
at  the  lower  border  of  the  great  omentum,  the  membrane  returns  on  itself,  and 
passes  upwards  towards  the  posterior  abdominal  wall,  forming  the  posterior  layer 
of  that  omentum.  On  the  way  it  meets,  and  passes  behind  the  transverse  colon, 
clothing  its  posterior  aspect  at  the  same  time  (Fig.  707),  and  is  then  continued, 
as  the  posterior  layer  of  the  transverse  mesocolon,  up  to  the  posterior  abdominal 
wall,  which  it  reaches  at  the  anterior  border  of  the  pancreas  (Fig.  707). 

From  the  anterior  border  of  the  pancreas  it  is  continued  downwards  again, 
clothing  first  the  lower  part  of  that  organ,  then  the  front  of  the  third  portion  of 
the  duodenum,  and  below  this  the  posterior  abdominal  wall.  From  this  latter, 
however,  it  is  soon  carried  forwards  again  by  the  branches  of  the  superior  mesen- 
teric vessels,  passing  to  the  small  intestine.  Kunning  out  along  these,  it  forms 
the  upper  (or  more  correctly,  the  right)  layer  of  the  obliquely -placed  mesentery 
(Fig.  707) :  on  reaching  the  small  bowel  at  the  border  of  the  mesentery,  it  invests 
that  tube,  giving  it  its  serous  coat,  and  then  returns — as  the  under,  or  left,  layer 
of  the  mesentery — to  the  posterior  abdominal  wall,  on  which  it  runs  down,  covering 
the  great  vessels  near  the  middle  line,  and  the  psoas  muscles  and  ureters  at  each 
side,  to  enter  the  pelvis.    The  mesentery  is  described  at  page  1020. 

Pelvic  Peritoneum. — The  detailed  arrangement  of  the  peritoneum  in  the  pelvic 
cavity  is  somewhat  complicated,  and  is  fully  described  in  connexion  with  the 
several  pelvic  organs.    A  general  accoitnt  will  suffice  here. 

Having  passed  over  the  brim  all  round,  it  enters  the  pelvis,  and  covers  its 
walls  as  low  as  the  pelvic  floor,  across  which  it  passes  to  the  various  organs. 
Behind,  it  invests  completely,  and  forms  a  mesentery  (pelvic  mesocolon)  for,  the 
pelvic  colon,  as  far  down  as  the  third  sacral  verteljra.  Here  the  colon  joins  the 
rectum  proper,  and  the  complete  investment  of  the,l)0wel  ceases. 

As  the  end  of  the  pelvic  colon  is  approached  the  two  layers  of  its  mesocolon 
become  shorter,  and  when  the  rectum  is  reached,  they  separate,  leaving  its  posterior 
surface  uncovered,  whilst  the  bowel  is  clothed  in  front  and  at  the  sides.  Lower 
down,  the  membrane  leaves  the  sides,  and  finally,  at  a  point  which  is  usually  about 
3  inches  (7"5  cm.,  see  page  1039)  aljove  the  anus,  it  leaves  the  front  of  the  bowel, 
and  in  the  male  is  carried  on  to  the  back  part  of  the  bladder  (here  covered  l)y  the 
seminal  vesicles  and  vasa  deferentia),  forming  the  floor  of  the  recto-vesicle  pouch 
(excavatio  recto-vesicalis,  recto-genital  poucli)  found  between  these  organs.  It 
then  covers  the  upper  surface  of  the  bladder,  and  passing  off  from  its  sides  to  the 
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walls  of  the  pelvis,  constitutes  the  so-called  false  ligaments  of  that  organ.  From  the 
apex  of  the  bladder  it  is  carried  on  to  the  anterior  alxlominal  wall  by  the  urachus, 
thus  forming  the  superior  or  anterior  false  ligament  of  the  bladder  (plica  pubo- 
vesicalis). 

In  the  female  (Fig.  707),  the  peritoneum,  on  leaving  the  rectum,  passes  to  the 
posterior  wall  of  the  vagina,  the  upper  portion  of  which  it  covers.  From  this  it  is 
continued  up  over  the  posterior  surface  and  fundus  of  the  uterus,  and  down  on 
its  anterior  surface  as  far  as  the  junction  of  the  cervix  and  body  (Fig.  775).  Here 
it  passes  from  the  uterus  to  the  bladder,  which  it  partly  covers,  as  in  the  male,  and 
is  then  carried  on  to  the  anterior  abdominal  wall.  Between  the  rectum  behind, 
and  the  uterus  and  vagina  in  front,  is  situated  the  pouch  of  Douglas  (excavatio 
rectouterina  Douglasi,  recto-genital  pouch),  the  entrance  of  which  is  limited  on 
each  side  by  a  fold  passing  from  the  cervix  of  the  uterus  around  the  sides  of  the 
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Pyraniidalis  Urachus 

Fig.  708. — The  Peritoneum  of  the  Pelvic  Cavity. 

The  pelvis  was  sawn  across  obliquely  (as  in  Fig.  702)  in  a  thin  male  subject  aged  60.  Owing  to  the  absence 
of  fat  the  various  pelvic  organs  were  visible  through  the  peritoneum,  though  not  quite  so  distinctly  as 
represented  here.  The  bladder  and  rectum  were  Ijoth  empty  and  contracted  ;  the  paravesical  and  para- 
rectal fossje  as  a  result  were  very  well  marked. 

pouch  towards  the  rectum ;  these  are  the  folds  of  Douglas  (plicae  rectouterinse 
Douglasi,  recto-genital  folds),  and  they  contain  in  their  interior  the  utero-sacral 
ligaments  (musculi  recto-uterini),  two  bands  of  iibrous  tissue  Avith  plain  muscle 
fibres  intermixed,  which  pass  from  the  cervix  of  the  uterus,  liackwards  on  each 
side  of  the  rectum,  to  blend  with  the  connective  tissue  on  the  front  of  the  lower 
part  of  the  sacrum. 

Similarly,  in  front  of  the  uterus,  l)etween  it  and  the  bladder,  is  found  the  much 
smaller  utero-vesical  pouch  (excavatio  vesico-uterina).  Finally,  the  peritoneum  is 
prolonged  as  a  wide  fold  from  each  margin  of  the  uterus  to  the  side  wall  of  the 
pelvis,  constituting  the  broad  ligament  of  the  uterus  (ligamentum  latum  uteri), 
within  which  ai-e  contained  the  FaUopian  tube,  the  ovary,  the  round  ligament,  and 
other  structures  (see  p.  1130). 

When  the  bladder  i.s  empty,  there  is  seen  at  each  side,  between  it  and  the  pelvic  wall,  a 
considerable  peritoneal  depression — the  paravesical  fossa  (Fig.  708).  This  fossa  is  traversed  by  a 
peritoneal  fold — the  plica  vesicalis  transversa — wliich  is  found  running  transversely  outwards 
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Faloifonn  ligament 
Foramen  uf  Winsluw 


Stomach 


Round  ligament  of  liver 

Lesser  omentum  (cut) 
Portal  vein 


colon  — 
on  the 
descend- 


Right  kidney 


from  the  tipi^er  surface  of  the  empty  bhidder,  and  when  well  marked,  passing  to  the  neighboui'- 
hood  of  the  internal  abdominal  ring. 

Above  the  bladder,  on  each  side  of  the  urachus,  is  found  the  internal  inguinal  fossa  already 
referred  to  (p.  1048).  Both  of  these  fossae  are  practically  obliterated  liy  distension  of  the 
bladder. 

Similarly,  there  is  seen  at  each  side  of  the  empty  rectum,  on  the  posterior  pelvic  wall,  a  large 
depression,  which  may  be  known  as  the  pararectal  fossa  (fossa  pararectalis,  Fig.  708).  When  the 
rectum  is  empty  and  contracted,  these  fossa=!  are  filled  Ijy  intestine ;  during  distension,  the 
rectum  increasing  in  width,  expels  the  intestine  and  practically  ol^literates  the  fosste. 

Transverse  Tracing-  of  the  Peritoneum. — If  the  peritoneum  he  followed  trans- 
versely around  the  abdomen,  just  above  the  level  of  the  iliac  crest,  where  the  com- 
plications produced 
by  the  small  sac  are 
absent  (Fig.  709,  B), 
few  difliculties  will 
be  encountered. 
From  the  anterior 
abdominal  wall  it 
passes  round  on  each 
side  to  the  back, 
lining  the  lateral  and 
posterior  walls.  Pass- 
ing inwards  on  the 
posterior  wall,  it 
meets  the 
ascending 
right  side, 
ing  on  the  left — over 
which  it  is  carried, 
in  each  case  covering 
the  bowel  in  front 
and  at  the  sides  only, 
and  leaving  the  pos- 
terior surface  bare, 
rule.  Some- 
times, however,  the 
covering  is  complete, 
and  a  short  mesen- 
tery is  formed.  It 
is  next  continued 
inwards  over  the 
psoas  muscles,  the 
ureters,  and  the  great 
vessels,  on  the  front 
of  which  it  meets  the 
superior  mesenteric 
artery  and  vein  run- 
ning downwards  to 
the  intestines.  From 
both  sides  it  passes 
forwards  on  these 
vessels,  forming  the 
right  and  left  layers 
of  the  mesentery; 
and  finally,  having  reached  the  intestine,  it  clothes  it  completely,  and  the  two 
portions  become  continuous  on  the  bowel. 

A  transverse  tracing  at  a  higher  level  would  include  the  small  sac ;  it  will, 
therefore,  be  well  to  study  this  portion  of  the  peritoneum  before  describing  such  a 
tracing. 

Small  Sac  of  the  Peritoneum  (Inu-sa  omentalis). — This,  as  already  pointed 


Lieno-renal 
ligament 


Small  intestine 


The  mesentery 


Aorta, 


Desoendin: 


rVscending  colon 


Fig.  709. — Dl\gramm.vt;c  Tk.wsverse  Sections  of  Abdo.mex,  to  show  the 
peritoneum  on  transverse  tracing.  A,  at  level  of  foi-amen  of  Winslow, 
B,  lower  down.  In  A,  note  one  of  the  vasa  brevia  arteries  passing  to 
the  stomach  between  the  layers  of  the  gastro-spleuic  omentum,  and  also 
the  forainen  of  Winslow  leading  into  the  lesser  sac  which  lies  behind  the 
stomach. 
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out,  is  a  divei'ticuhim  of  the  great  sac  which  lies  behind  the  stomach  and  adjacent 
organs,  and  which  communicates  with  the  great  sac  by  a  constricted  passage,  the 
foramen  of  Winslow.  If  the  great  sac  be  compared,  as  already  suggested,  to  a  bag, 
the  anterior  layer  of  whicli  clothes  the  anterior  and  lateral  walls  of  the  abdomen, 
and  the  posterior  layer  the  viscera  lying  on  the  posterior  wall,  the  small  sac  would 
correspond  to  a  pocket  lying  liehind  the  upper  part  of  the  great  sac,  and  opening 
into  its  cavity  by  a  narrow  mouth,  on  the  right  side,  just  below  the  liver.  From 
this  opening  the  pocket  passes  to  the  left  behind  the  lesser  omentum,  as  far  as  the 
spleen,  up  behind  the  Spigelian  lobe  of  the  liver,  and  down  behind  the  stomach, 
and  into  the  great  omentum. 

As  in  the  case  of  the  great  sac,  it  wiU  of  course  he.  imderstood  that  the  two  walls  of 
the  small  sac  and  the  l)Oundaries  of  the  foramen  of  Winslow  are  normally  in  contact. 
We  shall  first  consider  this  opening,  and  then  trace  the  layers  of  the  small  sac. 

Foramen  of  Winslow  (Eig.  709,  A). — This,  the  constricted  passage  which  leads 
from  the  great  into  the  small  sac  of  the  peritoneum,  is  found  just  below  and  behind  the 
prirtal  fissure  of  the  liver  by  running  the  finger  along  the  under  surface  of  the  gall- 
l)ladder  towards  its  neck,  when,  with  little  difticulty,  it  passes  behind  the  right 
margin  of  the  lesser  omentum  and  into  the  foramen.  It  is  bounded  in  front  by  the 
free  right  border  of  the  lesser  omentum,  passing  iip  from  the  first  part  of  the  duodenum 
to  the  portal  fissure,  and  containing  between  its  two  layers  the  portal  vein,  hepatic 
artery,  and  bile  duct.  Behind,  lies  the  inferior  vena  cava,  covered,  of  course,  by 
peritoneum.  Above,  is  placed  the  caudate  lobe  of  the  liver.  And  below,  lie  the  first 
part  of  the  duodenum,  and  the  hepatic  artery,  the  latter  running  forwards  and  to  the 
light  l)eneath  the  foramen,  before  turning  up  into  the  lesser  omentum.  It  should 
l)e  remembered  that,  normally,  the  various  boundaries  of  the  foramen  lie  in  contact, 
and  that  its  cavity  can  only  be  said  to  exist  as  such  when  its  walls  are  drawn  apart. 

If  we  follow  the  small  sac,  in  through  the  foramen,  it  will  be  found  that  it 
expands  immediately  beyond  this  narrow  opening  (Fig.  707),  its  upper  portion  lying 
Ijehind  the  lesser  omentum,  and  running  up  behind  the  Spigelian  lobe  of  the  liver 
as  far  as  its  upper  end ;  and  its  lower  portion  passing  down  l)ehind  the  stomach 
and  on  into  the  great  omentum,  where  it  lies  in  front  of  the  transverse  colon,  and 
extends  practically  to  the  lower  end  of  the  omentum — although  this  latter  point 
cannot  often  be  demonstrated  in  the  adult. 

As  the  small  sac  is  composed,  like  the  great,  of  two  distinct  layers,  an  anterior 
and  a  posterior,  it  will  l)e  necessary  to  follow  each  of  these  separately.  Above,  the 
anterior  layer  of  the  small  sac  clotlies  the  Spigelian  lobe ;  it  then  passes  down  (from 
the  posterior  margin  of  the  portal  fissure,  and  the  fissure  of  the  ductus  venosus)  to 
the  lesser  curvature  of  the  stomach  as  the  posterior  layer  of  the  lesser  omentum. 
Continued  on  from  this,  it  clothes  the  inferior  (or  visceral)  surface  of  the  stomach 
as  far  as  the  great  curvature,  with  the  exception  of  the  small  "  uncovered  area  " 
below  and  to  the  left  of  the  cardia  (Fig.  674,  B),  but  it  does  not  actually  come 
in  contact  with  the  oesophagus  itself,  the  back  and  right  side  of  which  are  un- 
covered. On  the  left,  it  is  reflected  from  the  ];)ack  of  the  stomach  to  the  spleen  as 
the  deeper  layer  of  the  gastro-splenic  omentum. 

From  the  great  curvature  of  the  stomach  it  is  continued  down,  forming  the 
posterior  layer  (of  the  anterior  fold)  of  the  great  omentum ;  and  at  the  lower  part 
of  the  omentum  it  meets  and  becomes  continuous  with  the  posterior  layer  of  the 
small  sac. 

The  posterior  layer  of  the  small  sac,  in  passing  through  the  foramen  of  Winslow, 
clothes  the  front  of  the  vena  cava  (Fig.  709,  A);  beyond  this,  it  covers  the  coeliac 
axis,  and  passes  up  to  line  the  slight  depression  on  the  posterior  abdominal  wall 
(diaphragm),  against  which  the  Spigelian  lobe  rests.  Then,  passing  over  to  the  left, 
it  covers  the  upper  surface  of  the  pancreas,  the  top  of  the  left  kidney  and  suprarenal 
capsule,  and  the  inner  part  of  the  gastric  surface  of  the  spleen  (Fig.  710).  From 
the  anterior  l»order  of  the  pancreas  it  is  prolonged  forwards  and  downwards — as  the 
anterior  or  upper  layer  of  the  transverse  mesocolon — to  the  transverse  colon  (Fig.  707). 
It  next  clothes  the  upper  aspect  of  this  gut,  and  is  then  continued  down  as  the  anterior 
layer  of  the  posterior  fold  of  the  great  omentum,  almost  to  its  lower  border,  where  it 
becomes  continuous  with  the  anterior  layer  of  the  small  sac,  already  described. 
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The  transverse  tracing  at  the  level  of  the  foramen  of  Winslow  is  shown  in  Fig. 
708,  A,  and  can  be  easily  followed  without  any  further  description  than  is  there 
given. 

'file  following  additional  details  may  be  mentioned  : — The  small  sac  is  divided  liy  a  constric- 
tion into  two  parts— an  uppei',  lying  behind  the  lesser  omentum  and  Spigelian  lobe,  and  a  lower, 
jilaced  behind  the  stomach  and  within  the  great  omentum.  The  constriction  is  due  to  the  passage 
of  the  coronary  and  hepatic  arteries  forward  around  tlie  sac ;  the  former  winds  round  its  left 
side,  tlie  latter  round  its  right ;  and  each  raises  up  a  fold  of  peritoneum,  which  projects  strongly 
into  the  sac,  and  partially  divides  it  into  two.  This  can  be  shown  by  cutting  the  lesser  omentum 
along  the  lesser  curvature  of  the  stomach  and  looking  into  the  cavity. 

Where  tlie  small  sac  runs  up  behind  the  Sjiigelian  lobe,  it  forms,  as  pointed  out  at  page  1065, 
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Pig.  710. — The  Peritoneal  Relations  of  the  Duodenum,  Pancreas,  Spleen,  Kidneys,  etc. 


the  left  boundary  of  the  uncovered  area  of  the  right  lobe,  and,  consequently,  a  third  or  left  layer 
of  the  coronary  ligament. 

A  sf)ecial  diverticulum  of  the  small  sac  runs  out  to  tlie  right,  behind  the  beginning  of  the 
duodenum,  to  clothe  the  back  of  tliat  tube  for  about  an  inch  (Fig.  710). 

The  splenic  artery  reaches  the  spleen  by  ])assing  to  tlie  left,  behind  the  posterior  layei'  of  the 
small  sac,  which  also  extends  to  that  organ  (Fig.  709,  A). 

The  lesser  omentum  is  described  at  page  1066 ;  it  need  only  be  pointed  out 
now  that  it  is  composed  of  two  layers,  the  anterior  derived  from  the  great  sac, 
and  the  posterior  from  tlie  small  sac,  both  of  which  are  extremely  thin — some- 
times even  criliriform. 

The  great  omentum  is  a  large  apron-like  fold  of  peritoneum,  usually  more  or 
less  loaded  with  fat,  which  is  suspended  from  the  great  curvature  of  the  stomach, 
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and  hangs  down  in  front  of  the  intestines  to  a  variable  extent.  When  tlie  abdomen 
is  carefully  opened  without  disturljing  the  viscera,  it  is  rare  to  find  the  great 
omentum  evenly  spread  over  the  front  of  the  intestines.  More  commonly  it  is  folded 
in  Ijetween  some  of  the  coils  of  intestine,  or  tucked  into  the  left  hypochondrium ; 
or  perhaps  it  is  carried  upwards  in  front  of  the  stomach  by  a  distended  transverse 
colon.  It  extends  between  the  great  curvature  of  the  stomach  above  and  the 
transverse  colon  Ijelow,  not  taking  the  shortest  course  from  one  of  these  to  the  other, 
Imt  hanging  down  as  a  loose  fold  between  the  two.  The  lower  part  of  the  small 
sac  is  continued  down  within  it  (Fig.  707). 

The  great  omentum  may  be  said  to  consist  of  two  folds,  each  formed  of  two 
layers,  one  derived  from  each  sac  of  the  peritoneum.  The  anterior  or  descending  fold 
l^egins  at  the  great  curvature  of  the  stomach,  where  it  is  formed  by  the  meeting  of 
the  two  layers  from  the  superior  and  inferior  surfaces  of  that  organ  respectively ; 
from  this  it  descends  to  the  lower  l)order  of  the  omentum,  where,  turning  back 
upon  itself  (Fig.  707),  it  passes  up  as  the  posterior  or  ascending  fold.  This  runs 
upwards  until  it  meets  the  transverse  colon  ;  here  its  two  layers  separate  to  enclose 
and  cover  that  colon — and  the  omentum  properly  so  called  ceases.  Its  two  layers, 
however,  unite  at  the  upper  surface  of  the  colon  (Fig.  707)  to  form  the  transverse 
mesocolon,  which  is  continued  upwards  and  backwards  to  the  anterior  Ijorder  of  the 
pancreas.  Here  the  layers  of  the  transverse  mesocolon  again  separate — the  upper, 
derived  from  the  small  sac,  running  backwards  and  upwards  over  the  upper  surface 
of  the  pancreas  to  the  posterior  abdominal  wall ;  the  lower,  derived  from  the  great 
sac,  passing  downwards  along  the  back  of  the  abdomen,  as  already  explained. 

The  great  oiuentuiu  is  continued  to  the  right  for  a  short  distance  (25  mm.)  along  the  lower  border 
of  tlie  duodeiuim.  At  the  left -end  it  .shortens  very  much,  and  is  directly  continued  into  the 
gastro-splenic  omentum  ;  the  spleen,  as  it  were,  being  introduced  between  the  two  layers  instead 
of  the  colon. 

Functions  of  the  Great  Omentum. — Numerous  uses  have  been  assigned  to  tlie  great 
omentum  ;  tlie  chief  seem  to  be  :  (1)  To  act  as  a  movable  packing  material,  capable  of  filling  all 
temporarily-jjroduced  spaces  in  the  abdomen.  (2)  It  jjrobably,  to  some  extent,  prevents  the  pas- 
sage of  tlie  small  intestine  ujj  into  the  stomach  chamber,  and  heljjs  to  keep  them  from  getting 
entangled  there.  (3)  It  is  a  storehouse  of  fat.  (4)  It  is  said  to  be  "  the  great  protector  against 
peritoneal  infectious  invasions."  Being  freely  movable,  it  can  pass  to  almost  any  part  of  the 
abdomen,  and  there  "  build  up  barriers  of  exudations  to  check  infection  "  (Byron  Robinson). 

Mr.  Lockwood  lias  made  the  interesting  observation  (in  connexion  with  the  contents  of  herniae) 
that,  in  bodies  under  forty-five  years  of  age,  the  omentum  can  rarely  lie  drawn  down  below  the 
level  of  the  pubic  spine  ;  in  older  bodies  the  reverse  is  the  rule. 

The  gastro-splenic  omentum  is  a  short  fold  composed  of  two  layers,  the  anterior 
or  more  superficial  1  )eing  derived  from  the  great  sac,  the  posterior  or  deeper  from  the 
small  sac  (Fig.  709,  A).  It  is  attached  Ijy  one  margin  to  the  wide  end  of  the  stomach 
(just  below  the  line  of  the  great  curvature),  and  by  the  other  to  the  gastric  surface 
of  the  spleen  just  in  front  of  the  hilus.  Between  its  two  layers  the  vasa  brevia  of 
the  splenic  artery  pass  from  the  spleen  to  the  stomach.  Below  and  in  front,  its 
layers  are  continued  into  the  corresponding  layers  of  the  great  omentum ;  above 
and  behind,  they  separate  at  the  "  uncovered  area  "  of  the  stomach  (Fig.  710). 

Minor  Folds  of  Peritoneum. — The  phreno-colic  ligament,  passing  from  the 
splenic  flexure  of  the  colon  to  the  diaphragm  opposite  the  10th  or  11th  ri])S,  has  been 
described  in  connexion  with  the  splenic  flexure.  The  mesentery  of  the  appendix,  and 
the  folds  and  fossfe  around  the  ileo-ctecal  region,  are  included  in  the  account  of  the 
cfecum,  as  are  those  around  the  duodenum  in  the  description  of  that  viscus.  The 
lieno-renal  and  hepato-renal  ligaments  have  been  referred  to  incidentally  above. 

Development  of  the  Intestinal  Canal  and  Peritoneum. 

As  already  explained  on  p.  31,  when  the  embryo  begins  to  take  definite  shape,  and  to 
be  marked  oti'  from  the  general  surface  of  the  blastodermic  vesicle  by  an  infoldiiig  of  its 
margins — residtin^-  in  the  formation  of  the  cephalic  or  head  fold,  the  caudal  or  tail  fold, 
and  the  lateral  folds — a  portion  of  the  cavity  of  the  vesicle  is  cut  off  by  these  folds,  and 
more  or  less  completely  enclosed  within  the  body  of  the  embryo,  to  form  the  primitive 
alimentary  canal.     This  is  simply  an  imperfect  tubular  cavity,  situated  beneath  the 
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iiotochord,  and  bounded  towards  one  end  by  the  liead  fold,  at  the  otlier  by  the  tail  fold, 
and  at  the  sides  by  the  lateral  folds.  The  anterior  portion  of  this  cavity,  situated  within 
the  head  fold,  is  known  as  the  foregut,  and  from  it  are  developed  the  back  part  of  the 
mouth,  the  tongue,  pharynx,  oesophagus,  stomach,  and  the  greater  portion  of  the  duodenum, 
together  with  the  organs  formed  as  outgrowths  from  these.  Similarly,  the  posterior  tubular 
portion,  contained  within  the  tail  fold,  constitutes  the  hindgut,  and  from  it  are  formed 
the  rectum,  except  its  anal  end,  and  a  portion  of  the  colon.  The  middle  division,  known 
as  the  midgut,  gives  rise  to  the  rest  of  the  digestive  tube,  and  is  at  first  widely  open 
below,  where  it  is  continuous  with  the  cavity  of  the  yolk  sac.  Soon,  however,  it  is 
gradually  closed  in  by  the  approximation  of  the  four  folds  which  meet  around  the  margins 
of  the  umbilical  orifice,  and  the  communication  between  the  alimentary  canal  and  the  yolk 
sac  is  thus  reduced  to  a  narrow  passage — the  vitelline  or  vitello-intestinal  duct.  This 
duct  joins  that  portion  of  the  primitive  tube  which  subse(juently  forms  the  lower  part  of 
the  ileum,  and  a  remnant  of  it  is  sometimes  found  in  the  adult,  when  it  is  known  as 
Meckel's  diverticulum  (see  p.  1022). 

At  this  stage  the  primitive  canal  has  the  form  of  a  nearly  straight  tube,  blind  at  both 
extremities,  and  communicating  only  with  the  cavity  of  the  yolk  sac.  It  is  lined  through- 
out by  the  entoderm,  the  cells  of  which  form  the  epithelial  lining  of  the  adult  canal ; 
outside  this  it  is  invested  by  the  splanclmopleure,  or  splanchnic  layer  of  the  mesoderm, 
and  is  separated  from  the  somatopleure  or  body  wall  by  the  coelum  or  body  cavity,  which 
later  on  gives  rise  to  the  pleural,  pericardial,  and  peritoneal  cavities  of  the  body.  At  the 
back,  the  splanchnic  mesoderm  which  surrounds  the  canal  passes  dorsalwards,  to  become 
continuous  with  the  general  mesoderm  beneath  the  notochord,  thereby  forming  a  fold 
which  connects  the  primitive  alimentary  tube  to  the  dorsal  wall  of  the  embryo,  and 
constitutes  the  primitive  mesentery.  This  is  at  first  of  considerable  thickness.  At  a 
later  period  it  becomes  reduced  to  a  thin  sheet  of  mesodermic  tissue,  covered  on  each  side 
by  a  layer  of  flattened  endothelial  cells,  whicii  suspends  the  primitive  alimentary  canal 
within  the  body  cavity  of  the  embi-yo. 

At  each  end  of  the  embryo,  an  ingrowth  of  the  ectoderm  takes  place,  which  meets 
and  finally  becomes  continuous  with  the  corresponding  extremity  of  the  primitive  alimentary 
tube,  giving  rise  to  the  mouth  and  anus  respectively.  The  former  of  these  ingrowths  is 
known  as  the  stomatodseum,  and  from  it  is  formed  the  epithelial  lining  of  the  vestibule  of 
the  mouth,  of  the  salivary  glands,  the  gums,  and  the  greater  part  of  the  nasal  cavity,  as 
well  as  the  anterior  lobe  of  the  pituitary  body.  From  the  other  ingrowth — the  proctodseum 
— are  formed  the  anal  aperture  and  probably  the  anal  canal,  below  the  level  of  the  anal 
valves.  An  account  of  the  formation  of  the  mouth  and  the  anus  will  be  found  on  pages 
32  and  43  respectively. 

At  an  early  date  special  outgrowths  of  the  lining  entoderm  take  place  from  the 
portion  of  the  foregut  corresponding  to  the  future  duodenum.  From  these  diverticula 
the  liver  and  pancreas  are  formed  :  the  former  grows  forwards  from  the  gut,  whilst  the 
latter  grows  backwards  into  the  dorsal  mesentery  (see  pages  1072  and  1078  respectively). 

The  primitive  alimentary  canal  is  now  a  tubular  cavity,  suspended  from  the  dorsal 
wall  of  the  embryo,  within  the  ccelom,  by  a  simple  mesentery  (Fig.  711).  In  front,  it 
comnmnicates  with  the  exterior  through  the  stomatodcEum  or  primitive  mouth,  and  in 
the  region  of  the  future  duodenum  the  liver  appears  as  a  bifid  outgrowth,  followed  soon 
by  outgrowths  for  the  formation  of  the  pancreas.  Finally,  at  a  date  which  has  not 
been  precisely  determined,  the  anal  membrane  disappears,  and  its  posterior  end  com- 
municates with  the  exterior  through  the  proctodseum. 

Stomach. — As  early  as  the  fourth  week  the  foregut  exhibits  a  fusiform  enlargement 
in  the  region  of  the  developing  heart,  which  is  the  first  evidence  of  the  differentiation  of 
the  stomach  :  this  enlargement  is  at  first  symmetrical,  and  mesially  placed.  Soon,  how- 
ever, as  the  diaphragm  is  being  formed,  the  stomach  descends  into  the  abdomen,  and  its 
dorsal  wall — the  future  great  curvature — begins  to  grow  more  rapidly  than  the  ventral 
wall.  As  a  result  the  whole  organ  becomes  somewhat  curved,  and  its  lower  end  is 
carried  forwards  from  the  posterior  abdominal  wall,  giving  rise  to  the  curvature  of  the 
duodenum.  The  excessive  growth  of  its  posterior  wall  causes  the  stomach  to  turn  over 
on  to  its  right  side,  which  now  becomes  posterior  or  dorsal. .  In  this  rotation  its  upper  or 
cardiac  portion  moves  to  the  left  of  the  middle  line,  and  the  whole  organ  assumes  an 
oblique  direction  across  the  abdomen.  Already,  at  the  fifth  or  sixth  week,  the  adult 
form  of  the  stomach  is  pretty  clearly  indicated. 

This  rotation  of  the  stomach  around  its  long  axis,  whicii  is  accompanied  by  a  rotation 
of  the  lower  end  of  the  oesophagus,  explains  the  nnsynunetrical  position  of  the  two 
pneumogastric  nerves     In  the  adult  the  left  nerve  is  found  on  the  front  of  the  stomach,. 
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which  was  originally  the  left  side  of  the  organ  ;  similarly,  the  right  nerve  lies  on  the 
back,  which  was  originally  the  right  side. 

Intestines.  —  At  first  there  is  no  separation  into  large  and  small  intestines  ;  the 
primitive  canal  simply  foi'ms  a  slender  tube,  with  a  convexity  towards  the  umbilical 
orifice,  through  which  the  vitelline  duct  yjasses  to  the  yolk  sac.  Later,  the  tube  increas(-s 
iii  length,  and  in  emljryos  of  11  or  12  mm.  an  outgrowth  of  the  canal  appears,  which 
represents  the  future  c;ecum,  and  indicates  the  sejjaration  into  large  and  small  intestines, 
(irowing  longer,  the  intestine  forms  a  large  loop  with  the  vitelline  duct  si)ringing  from 
and  the  superior  mesenteric  artery,  running  down  between  the 

layers  of  its  mesentery. 


its  apex  (Fig.  711) 
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-TWO  Dl.\GHAMS  TO  ILLUSTRATE  THE  DEVELOPMENT  OF  THE 

INTE.STINAL  Canal. 


At  the  same  time  the  two 
extremities  of  the  coil 
approach  one  another, 
and  form  a  narrow  neck 
to  the .  loop,  as  shown 
in  Fig.  711.  There  now 
takes  ])lace  a  change 
which  entirely  modifies 
the  position  of  the  parts 
—  this  is  a  rotation  of 
the  whole  loop,  with  its 
mesentery,  around  the 
superior  mesenteric 
arteiy  as  an  axis  (Fig. 
711).  The  result  of 
this  rotation  is  that  the 
original  right  side  of  the 
loop  of  gut  and  mesen- 
tery becomes  the  left 
side  ;  and  the  beginning 
of  the  large  intestine  is 
carried  across  the  duo- 


superior  mesenteric  artery, 
viewed  from  the  left  .side. 


u;  rotatiou  of  the  intestinal  loop  round  the    ,  /tti-      m  ci\  ii 

In  both  figures  the  parts  are  supposed  to  be  denum  (Fig.  712),  thus 


supposed 


explaining  the  passage 
of  the  duodenum  behind 
the  transverse  colon  in  the  adult.  At  the  same  time  the  ca;cum  comes  to  lie  near 
the  middle  of  the  abdomen  below  the  liver,  a  position  in  which  it  will  be  found  during 
the  third  month.  Subsequently,  it  passes  further  to  the  right ;  and  finally,  descending, 
comes  to  occupy  its  adult  position. 

The  small  intestine  continues  to  grow  in  length,  and,  as  a  result,  is  thrown  into  coils, 
which  become  more  and  more  complex  as  the  length  increases,  until  the  adult  condition 
is  attained.  Tiie  terminal  portion  of  the  large  bowel  retains  its  position  on  the  left  side, 
and  passes  down  to  the  anus.  The  development  of  the  cfccum  and  appendix  is  described 
at  page  1027. 

Peritoneum.  —  At  first  the  primitive  alimentary  canal  is  suspended  from  the 
dorsal  wall  of  the  embryo,  along  the  middle  line,  by  a  simple  dorsal  mesentery,  which 
extends  along  the  whole  length  of  the  tube,  and  is  common  to  all  its  divisions — a  condition 
found  in  the  adult  stage  of  many  reptiles.  There  is  also  present,  in  the  upper  part  of  the 
cavity,  after  the  stomach  and  liver  descend  into  the  abdomen,  a  ventral  mesentery  (Fig. 
711),  which  connects  the  stomach  and  duodenum  to  the  back  of  the  liver,  and,  passing  on, 
connects  the  front  of  the  liver  to  the  anterior  abdominal- wall.  The  portion  of  this 
ventral  mesentery,  between  the  stomach  and  liver,  becomes  the  lesser  omentum  ;  its 
anterior  portion,  between  the  liver  and  the  abdominal  wall,  forms  the  falciform  ligament 
(Fig.  711)  ;  and,  in  its  lower  margin,  the  umbilical  vein  runs  from  the  umbilicus  to  the 
liver. 

The  portion  of  the  dorsal  mesentery  lying  behind  the  stomach  is  known  as  the 
mesogastrium.  At  first  it  is  relatively  short;  but  with  the  growth  of  the  posterior  wall 
of  the  stomach,  and  the  turning  of  that  organ  over  on  its  right  side,  the  mesogastrium 
becomes  elongated,  and  is  folded  on  itself,  forming  more  or  less  of  a  pouch,  directed  down- 
wards and  to  the  left.  The  wall  of  this  pouch  becomes  in  part  the  great  omentum,  and 
within  it  is  developed  the  small  sac  of  the  peritoneum.  In  the  rotation  of  the  stomach 
^ind  the  accompanying  passage  of  the  lesser  omentum  from  an  antero-posterior  to  a  more  or 
less  transverse  direction,  a  portion  of  the  cavity  of  the  abdomen  is,  as  it  were,  caught  in 
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behind  the  stomacli  and  lesser  omentum.  This  portion  of  the  cavity  becomes  the  upjjcr 
part  (vestibule)  of  the  small  sac,  and  at  first  it  communicates  with  the  general  cavity  by 
a  wide  opening  to  the  right 
of  the  lesser  omentum  ;  but 
the  growth  of  the  liver,  en- 
croaching upon  the  opening, 
and  other  causes,  reduce  it 
to  a  relatively  small  size, 
and  it  forms  the  foramen 
of  Winslow  in  the  adult. 

The  great  omentum  is, 
as  pointed  out  above,,  a  bag- 
like growth  of  the  lower 
part  of  'the  mesogastrium, 
which  passes  downwards 
and  to  the  left  in  fr.ont  of 
the  transverse  colon.  As 
shown  in  Fig.  713,  A  and  B, 
it  is  at  first  entirel}'  uncon- 
nected with  the  transverse 
colon  and  mesocolon ;  but 
about  the  thii-d  or  fourth 
month  it  becomes  united 
to  both,  and  the  adult  con- 
dition is  established  (Flo-. 
713,  C). 

It  would  appear  that  the 
growth  of  the  lower  part  of 

the  f5mall  sac,  and  of  the  great  onientuiu,  is  primarily  due  to  a  proliferation  of  the  cells  over  a 
limited  area  of  the  mesogastrium,  and  a  resulting  folding  of  this  layer  downwards  and  to  the  left. 


Tlie  mesentery 

Rectum^' 
Mesentery  of  descending  colon 

Fig.  712. — Two  Diagrams  to  illustrate  the  Development  of  the 
Mesenteries. 

u  tlie  first  figure  the  rotation  of  the  intestinal  loop  and  the  coutinuous 
primitive  mesentery  is  shown.  In  tlie  second  Hgnre  (to  the  right), 
which  shows  a  more  advanced  stage,  the  portions  of  the  primitive 
mesentery  {going  to  the  ascending  and  descending  colons)  which  dis- 
appear, througli  their  adliesion  to  the  posterior  abdonunal  wall,  are 
shaded  dark  ;  the  portions  which  persist  are  liglitly  shaded. 


In  the  upper  part  of  the  mesogastrium  the  spleen 
this  fold  which  intervenes  between  the  stomach  and 


is  developed,  and  the  portion  of 
spleen  forms  the  gastro-splenic 
omentum,  whilst  the  part  be- 
hind the  spleen  becomes  the 
lieno-renal  ligament. 

Of  the  primitive  mesentery, 
the  portion  connected  with  the 
stomach  —  the  mesogastrium 
—  becomes  modified  in  the 
manner  just  described.  The 
next  division  —  the  meso- 
duodenum  —  disappears  com- 
pletely, owing  to  the  turning 
over  of  the  duodenal  loop  on 
to  its  right  side,  and  its 
subsequent  adhesion  to  the 
posterior  abdominal  wall, 
accompanied  by  the  absorp- 
tion of  its  mesentery.  The 
mesenteries  of  the  small  and 
large  intestine  are  continuous 
at  first  (Fig.  711).  When  the 
rotation  of  the  intestinal  loop 
takes  place  around  the  superior 
mesenteric  artery  (see  above), 
the  beginning  of  the  large 
intestine,  with  its  mesentery, 
is  carried  to  the  right  across 
the  duodenum,  and  a  fan -shaped  portion  of  the  general  mesentery,  lying  within  the 
concavity  of  the  loop,  is  partially  cut  oW;  this,  later  on,  forms  the  mesentery  proper  in 
the  tidult.  At  first  it  is  continuous  by  its  right  border  with  the  mesentery  of  the 
ascending  colon,  a  part  of  the  primitive  mesentery  (which  is  similarly  continued  into  the 
mesenterv  of  the  transverse,  desceudinu',  iliac,  and  pelvic  colons).  Subsecpicntlv,  as 
67 


-Diagrams  to  illustrate  the  Development  or  ti 
Great  Omentum  (after  Hertwig). 

shows  tlie  beginning  of  tlie  great  omentum  and  its  independence  of 
tlie  transverse  mesocolon  :  in  B,  the  two  come  in  contact  ;  and  in 

C,  they  have  fused  along  the  line  of  contact.  (According  to  Lock- 
wood,  tlie  two  layers  of  the  fold  shown  in  A,  running  in  between 
the  great  omentum  and  transverse  mesocolon,  insteatl  of  fusing,  as 
shown  in  B,  are  drawn  out — unfolded — producing  the  condition 
shown  in  C).    A,  stomach  ;  B,  transverse  colon  ;  C,  small  intestine  ; 

D,  duodenum  ;  E,  pancreas  ;  F,  great  onieiitum  ;  G,  placed  in  great 
sac  ;  H,  in  small  sac  of  peritoneum. 
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sliuwii  1)V  the  darkly-shaded  })ai-ts  in  Fig.  712,  the  back  of  the  uieseiiteiies  of  the  aisceuding, 
descending,  and  iliac  portions  of  the  colon,  adheres  to  the  yjosterior  abdominal  wall,  and 
these  mesenteries  become  lost;  whilst  the  mesenteries  of  the  transverse  and  pelvic  portions 
of  the  colon  remain  free,  and  persist  in  the  adult. 

At  the  same  time,  the  mesentery  proper  (which  was  at  first  attached  only  at  its 
narrow  neck,  between  the  dnodenum  and  transverse  colon,  and  below  this  was  continuous 
on  the  right  with  the  ascending  mesocolon),  now  acquires  a  new  attachment  to  the 
posterior  abdominal  wall  through  the  absorption  of  the  ascending  mesocolon  (Fig.  712), 
and  the  adult  condition  is  attained. 

THE  LIVER. 

The  liver  (liepar)  is  a,  large  glaudular  mass  of  irregular  shape,  wliich  lies 
tuider  cover  of  the  ribs  in  the  upper  and  right  portion  of  the  abdominal  cavity, 
immediately  beneath  the  diaphragm  (Fig.  714).  It  is  the  largest  of  all  the 
digestive  glands,  and  plays  an  important  part  in  the  metabolism  of  both  carbo- 
hyilrate  and  nitrogenous  materials:  in  addition,  it  secretes  the  l)ile  —  a  Huid 
which  although  chiefly  excretory,  assists  to  some  extent  in  pancreatic  digestion. 
From  the  liver  the  bile  is  conveyed  to  the  duodenum  Ijy  the  bile  duct,  in  con- 
nexion with  which  is  found  a  pear-shaped  diverticulum,  for  the  temporary  storage 
of  the  ])ile,  known  as  tlie  (jaU-Uadder  (Fig.  716). 

Form. — The  liver  is  so  irregular,  and  varies  so  considerably  in  size  and  shape 
in  different  bodies,  and  even  in  the  same  ))ody  under  different  conditions,  that  it 
is  difficult  to  convey  a  true  idea  of  its  form.  This,  perhaps,  may  be  most  readily 
realised  from  a  consideration  of  the  portion  of  the  abdomen  in  which  the  liver 
lies,  and  to  the  shape  of  which  its  form  is  chiefly  due. 

The  u])per  portion  of  the  abdominal  cavity  is  dome-shaped,  its  anterior,  posterior, 
and  lateral  walls,  as  well  as  its  roof,  l)eing  formed  chiefly  by  the  vaulted  under  surface 
(»f  the  diaphragm,  which  slopes  down  on  the  inner  aspect  of  the  ribs  as  far  as  the 
lower  border  of  the  thoracic  framework.  In  the  right  and  middle  portions  of  the 
dome-shaped  space  thus  formed  the  liver  lies,  like  a  cast  in  its  mould,  and  from  it 
chiefly  its  form  is  derived.  And,  if  an  iihaginary  plane  be  passed  l)ackwards  and 
upwards,  from  an  ol)lique  line  extending  across  the  anterior  a))dominal  wall,  from  a 
point  immediately  below  the  right  margin  of  the  ribs  to  a  point  one  inch  below 
the  left  ni])ple,  it  will  cut  off  a  segment  of  the  abdominal  cavity  which  corre- 
sponds tolerably  accurateh'  to  the  liver,  in  both  size  and  form. 

Accordingly,  the  liver  may  lie  described  as  having  two  chief  surfaces  :  a  parietal 
surface,  convex  in  general  outline,  which  fits  into  the  arch  of  the  diaphragm ;  and 
a  visceral  surface,  irregular  in  form,  which  looks  downwards,  backwards,  and  to  the 
left,  and  rests  upon  the  al)doniinal  viscera.  These  two  surfaces  are  separated  from 
one  aiuither  liy  the  Inferior  margin  of  the  liver. 

Syniingtou  has  (Inscribed  the  liver,  when  hardened  //(  nitu,  as  a  riglit-aiigled  triangular  prism 
witli  its  right  angles  rounded  off,  and  as  having  five  surfaces — anterior,  posterior,  superior,  right, 
and  inferior.  The  first  foui'  of  these  would  be  included  in  the  parietal  surface  described  above, 
and  the  inferior  corresjionds  to  the  visceral  surface.  Syuiington's  description  has  received  a 
\iiv\  wide  acceptance. 

Previously  His  had  desi  iilx-d  three  surfaces  :  an  inferior,  corresponding  to  the  ^'isceral,  and  a 
.su])erior  and  posterior,  wliich  together  c(jrres])ond  to  the  parietal  surface. 

Before  His's  descri])tion,  which  changed  all  ])revious  views  on  the  form  of  the  livei-, 
became  current,  it  was  described  as  having  two  surfaces,  an  u]iper  and  a  lower,  and  two 
i)orders,  an  anterior  thin  and  a  ])osterior  thick  ;  and  this  is  the  shape  of  the  ordinary  soft 
dissecting-room  bvei',  which  fiattens  out  into  a  cake  -  like  form  when  removed  from  the 
body. 

In  the  body,  on  the  other  hand,  instead  of  being  fiatteued  out  in  this  way,  it  is  folded,  as  it 
were,  around  its  ])ortal  and  longitudinal  fissures  into  a  much  more  compact  mass ;  and  if  hard- 
ened in  situ  before  its  remo\'al,  it  ])resents  an  apjjearance  very  difi'ercnt  from  that  of  the  soft  ]iver 
just  reterred  io.  Froiu  a  study  of  such  hai-dened  specimens  it  will  l)e  seen  that  the  mass  of  the  right 
lobe  lies  chiefly  in  an  antero-posterior  (hrection,  its  posterior  thick  jwrtion  fitting  into  a  wide  groove 
at  the  side  of  the  vertebral  column,  and  its  long  axis  running  from  behind  forwards  and  a  little 
inwards.  The  left  lobe,  leading  off  from  the  anterior  part  of  the  right  lobe,  is  iblded  across  the 
front  of  the  vertebral  column  and  great  ^'essels,  its  long  axis  running  transversely,  but  it  does 
not  usually  ])ass  back  at  the  side  of  the  vertebral  colunni,  like  the  right  lobe,  into  the  vertebral 
groove;  so  that  there  is  no  ii-al  notch,  as  usually  described,  at  the  back  of  the  lix'er  foi'  tlie 


THE  LIVEE. 


1059 


\-orle'bi-al  (.■oluiiiii,  lull  iiicrcly  an  angle  I'uriiicd  liy  the  luculiiig  uf  the  two  lolics  ruining;-  IVniu 
(lift'erent  divectiuiis. 

Position. — 'J'lit!  luaiu  mass  of  the  liver  lies  iu  the  right  hypochonclriuiu ;  from 
this  it  extends  across  the  upper  part  of  the  epigastrium,  and  usually  reaches  as 
far  as  the  left  I'oupart  plane.  Not  uncommonly,  however,  it  passes  into  the  left 
hypochondrinm,  where  it  may  extend  even  as  far  as  the  left  lateral  wall  of  the 
abdomen.  Usually,  too,  its  lower  margin  passes  down  on  the  right  side  for  a  little 
distance  (A  inch,  12-5  mm.)  below  the  subcostal  plane,  and  comes  to  lie  in  the 


Diajiliragui 


Attacliment  o) 
falciform  ligameiif 


Right  lobe  of  livei 


Gall  bladdei 


Transverse  color. 
Small  intestine 


Ascending  colon 


Anterior  superior   

.spine  M,K. 

Ciecnm 


Outline  of  Vivpr 


Stonjacli 


Great  omentum  (cut) 
Transverse  mesocolon 
with  jejunum 
beneatli  it 
l\enia  of  ti'ausverse 
[  colon 

External  obliiiue 
mu.scle 

Internal  oljlique 
Position  of  umbilicus 


Part  of  iliac  colon 
(sigmoid  llexure) 


.Small  intestine 


SCALE  IN  INCHES 


SCALE  IM  CENTIMETRES 


Fig.  714. — The  Abdo.minal  Visceua  in  situ,  as  .seen  when  the  abdomen  is  laid  open  and  the  great  omentum 
removed  {drawn  to  .scale  from  a  photograph  of  a  male  body  aged  56,  Hardened  by  formalin  injections). 

The  rib.s  on  tlie  right  side  are  indicated  by  Roman  numerals  ;  it  will  be  observed  that  the  eighth  costal  cartilage 
articulated  with  the  sternum  on  both  sides.  The  subcostal,  intertubercular,  and  right  and  left  Poupart 
lines  are  drawn  in  black,  and  the  mesial  plane  is  indicated  by  a  dotted  line.  The  intercostal  muscles  and 
part  of  the  diaphragm  have  been  removed,  to  show  the  liver  and  stomacli  extending  np  beneath  the  ribs. 
The  stomach  was  moderately  distended,  and  the  intestines  were  particularly  regular  in  their  arrangement. 

right  lumbar  regii»n.  Under  ordinary  conditions,  the  anterior  end  of  the  longi- 
tudinal fissure,  which  separates  the  right  from  the  left,  lolje,  lies  one  or  two  inches 
to  the  right  of  the  mesial  plane. 

The  limits  even  of  the  normal  liver  are  very  variable,  but,  taking  the  average 
condition  in  the  male,  they  may  Ije  marked  out  on  the  surface  of  the  bodj^  by  the 
following  method: — Three  points  are  determined — («)  half-an-inch  (12'5  mm.) 
below  the  right  nipple :  (ft)  half-an-inch  (12'5  mm.)  below  the  right  margin  of  the 
thorax  (or  below  the  tip  of  the  tenth  rib);  and  (r)  one  inch  (2.")  mm.)  below  the 
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left  nipiile.  If  these  pdiiits  lie  joineil  liy  three  lines,  slightly  concave  towards 
the  liver,  they  will  <j;ive  the  outline  of  the  organ  with  snfMcient  accuracy  for  all 
ordinary  piirposes.    (For  variations  in  position  see  p.  1067.) 

Or  in  more  detail: — if  the  two  "nipple  points"  («)  and  (c)  1)6  joined  by  a  line,  .sliglitly 
convex  ujiwards  on  eacli  .side,  bnt  a  little  depressed  at  the  centre  corres])onding  to  the  position 
of  the  heart,  and  crossing  the  lower  end  of  the  sternnni  ahout  the  level  of  the  sixth  cartilage, 
it  will  mark  the  upi)er  limit.  A  line,  convex  outwards,  from  the  right  nipple  ])oiiit  («)  to  the 
sulico.stal  point  will  indicate  the  right  limit,  while  the  lower  limit  is  marked  hy  a  line, 
convex  downwards,  drawn  from  the  subcostal  point  to  the  left  nipple  point  {<•),  and  ])as.sing 
thi'ough  a  point  half-way  between  the  luubilicus  and  the  lower  end  of  the  gladiolus,  in  the 
middle  line. 

The  line  indicating  the  upper  limit  of  the  liver  is  elevated  on  each  side,  corresponding  to  the 
cupohe  of  the  diaphragm,  and  dejiressed  in  the  centre  Ijeneath  the  heart.  On  the  right  side 
wliere  highest,  namely,  about  one  inch  (25  mm.),  internal  to  the  mammary  line,  it  reaches  during 
expiration  to  the  upper  border  of  the  tifth  rib  ;  on  the  left  side  it  is  one-half  to  three-quarters  of 
an  inch  (12  to  18  mm.)  lower ;  and  it  crosses  behind  the  sternum  at  the  level  of  the  sixth  sterno- 
costal junction — or  sometimes  lower.  It  must  be  rcmemljered,  however,  that,  whilst  the  liver 
reaches  up  to  the  levels  just  given,  it  does  so  only  at  the  highest  part  of  its  convex  jjarietal  surface, 
and  is  sejjar'ated  from  the  riljs  all  round  by  the  thin  lower  margin  of  the  lung  (which  extends 
down  l)etween  the  che.st  wall  and  diaphragm  to  the  sixth  rib  in  front,  to  the  eighth  in  the  nud- 
lateral  line,  and  to  the  level  of  the  tip  of  the  spine  of  the  tenth  dorsal  vertebra  behind),  so  that,  in 
percussing  over  the  liver,  its  dulness  is  olwcured  by  the  resonance  of  the  lungs  above  these  points. 

Weight  and  Size. — The  liver  usually  weighs  from  three  to  three  and  a  quarter 
pounds,  or  ahout  ^V^^^  of  the  body  weight. 

The  average  size  of  the  liver  may  be  l)riefly  expressed  as  follows  : — It  measures  in  the  trans- 
verse direction  about  seven  inches  (17'5  cm.) ;  in  the  vertical,  six  to  seven  inches  (15  to  17'5  cm.) ; 
and  in  the  autero-posterior,  on  the  right  side  wliej'e  greatest,  about  six  inches  (15  cm.)  Its 
greatest  width,  measured  obliquely  from  side  to  side  along  the  inferior  or  visceral  surface,  is  ten 
inches  (25  cm.) 

Its  weight  ordinarily  varies  between  fifty  and  fifty-tive  ounces  in  the  male,  and  between  forty- 
three  and  forty-eight  in  the  female,  with  an  average  for  the  two  sexes  of  about  forty-nine  ounces, 
or  a  little  over  three  pound.s.  It  corresponds  to  about  ^ath  of  the  body  weight  in  the  adult ;  whilst 
at  birth  it  is  relatively  twice  as  large  (^'iz.  ^'^th  or  of  the  body  weight),  and  in  the  early 

fa3tus  very  much  larger. 

The  ])rop()rtion  of  the  right  to  the  left  lobe'is  very  variable,  l)ut  is  usually  about  as  4  to  1  ; 
at  birth  it  is  about  as  2  or  3  to  1. 

Relations  and  Surfaces. — The  liver,  as  already  pointed  out,  possesses  two  chief 
surfaces,  the  parietal  lying  in  contact  with  the  abdominal  parietes,  and  the  visceral 
resting  on  the  abdominal  viscera. 

Parietal  Surface. — In  conformity  with  the  shape  of  the  upper  portion  of  the 
abdominal  cavity  which  it  occupies,  the  parietal  surface  (Fig.  715)  is  convex  in 
general  outline,  and,  taken  as  a  whole,  lies  against  the  diaphragm,  except  below 
and  in  front,  where  it  projects  from  beneath  the  ribs  (Fig.  714),  and  comes  in 
contact  with  the  anterior  abdominal  wall  for  about  two  or  three  inches  (5'0  to  7'5 
cm.)  below  the  xiphi-sternal  articidation.  It  is  completely  covered  by  peritoneum, 
except  iH'hind  at  the  'uncovered  area,"  where  it  comes  into  direct  relation  with 
the  diaphragm;  and  it  is  divided  into  right  and  l^ft  lobe-portions  l)y  the  attach- 
ment of  the  falciform  ligament — a  fold  of  peritoneum  which  connects  it  to  the 
diaphragm  and  anterior  abdominal  wall. 

As  the  space  which  the  liver  occupies  is  bounded  l)y  the  anterior,  the  right, 
and  the  posterior  walls  of  the  abdomen,  as  well  as  Ijy  the  roof,  we  can  distinguish 
on  its  parietal  surface,  which  lies  against,  and  takes  its  shape  from,  these  walls, 
four  corresponding  "areas,"  namely  (a)  the  superior,  (h)  the  anterior,  (c)  the  right, 
and  {d)  the  posterior  areas  of  the  parietal  surface.  Of  these  the  posterior  area  is 
the  most  important,  and  must  be  described  in  greater  detail  than  the  others. 

Posterior  Area,  or  back,  of  the  Parietal  Surface. — This  portion  of  the  parietal 
surface  (which  corresponds  to  the  posterior  surface  of  His)  is  directed  back- 
wards, and  lies  in  contact  with  the  diaphragm,  here  passing  down  on  the 
posterior  al)dominal  wall.  It  is  very  irregular  in  shape,  and  presents  from  right 
to  left  the  following  parts: — (1)  The  "uncovered  area"  of  the  right  lobe;  (2)  the 
suprarenal  impression ;  (3)  the  fossa  of  tlie  vena  cava ;  (4)  the  Spigelian  lobe, 
separated  by  the  fissure  of  the  ductus  venosus  from  (5)  the  oesophageal  groove, 
which  belongs  to  the  left  lobe. 
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(1)  The  "uncovered  area"  of  the  right  lobe  (Fig.  716)  is  a  considerable  portion 
of  the  back  of  the  right  lobe — varying  from  1^  to  2|  inches  (3"7  to  6'2  cm.)  in  width, 
and  from  3  to  4  inches  (7'5  to  10  cm.)  in  transverse  measurement — which  corre- 
sponds to  the  interval  between  the  two  layers  of  the  coronary  ligament,  and  is 
devoitl  of  peritoneum.  Over  this  uncovered  portion,  which  looks  more  inwards  than 
backwards,  the  liver  and  diaphragm  are  in  direct  contact,  and  are  united  by  areolar 
tissue ;  here  too  is  established  a  communication  by  small  veins  between  the  portal 
circulation  of  the  liver  alid  the  systemic  circulation  of  the  diaphragm. 

(2)  ' Suprarenal  Impression. — On  the  "uncovered  area,"  immediately  to  the 
right  of  (and  l)ehin(l)  the  vena  cava,  is  a  triangular  impression  (impressio  supra- 
renalis.  Fig.  716),  produced  l)y  the  suprarenal  ])ody,  which,  projecting  upwards  from 
the  top  of  the  right  kidney,  becomes  wedged  in  Ijetween  the  diaphragm  and  liver. 

(3)  Fossa  of  the  Vena  Cava  (fossa  venee  cavae). — At  the  left  extremity  of  the 
"  uncovered  area "  the  inferior  vena  cava  lies  vertically,  embedded  in  a  fossa 


Sujiprior  area  of  parietal  surface 


Fig.  715. — The  Liver  from  the  front,  showing  the  superior,  right,  and  anterior  areas  of  the 

parietal  surface. 


of  the  liver  substance,  between  the  Spigelian  lobe  on  the  left  and  the  adjacent 
part  of  the  uncovered  area  on  the  right,  l:)oth  f)f  which  project  over  the  sides 
of  the  cava,  almost  hiding  it  from  view  (Fig.  716);  sometimes  they  actually 
meet  and  form  a  pons  hepatis  across  the  back  of  the  vein. 

(4)  Spigelian  Lobe. — -To  the  left  of  the  fossa  of  the  cava  lies  the  Spigelian  lobe 
(lobus  caudatus),  a  prominent  ol)long  mass  (Fig.  716),  which  is  placed  vertically  on 
the  back  of  the  liver,  between  the  fissure  of  the  ductus  venosus  on  the  left  and  the 
fossa  of  the  vena  cava  on  the  right — the  former  marking  it  off  from  the  left  lolje,  the 
latter  from  the  "  uncovered  area  "  of  the  right  lobe.  The  top  of  the  small  sac  of 
peritoneum  separates  the  back  of  the  Spigelian  lobe  from  the  diaphragm,  which 
latter,  in  turn,  separates  it  from  the  aorta  just  before  that  vessel  enters  the 
abdomen. 

The  upper  end  of  the  Sjjigeliiui  lolje  is  separated  from  the  superior  area  of  the  parietal  surface 
by  the  meeting  of  the  vena  cava  and  the  fissure  of  the  ductus  venosus  in  front  of  it.  Its  lower 
end  is  free  and  ])roiiiiuent,  and  veaclics  In  the  \  isceial  surface,  where  it  usually  ])resenls  a 
notcli  or  fissure  (in  wliich  tlie  liejiatic  artery  lies,  particularly  in  Ihe  faitus),  wliich  marks  off  a 
larger  and  more  proiuineut  left  part  (the  tuherciiluin  papillare)  pnijecliiig  downwards  liehiiid  llie 
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]>ortal  fissure,  and  a  siiuiller  right  \)iivt  passing  out  into  the  processus  cau(hitus,  uv  caiulate  Icjhe, 
which  connects  it  (Fig.  716)  with  the  under  or  visceral  surface  of  the  right  lolx-. 

The  posterior  sui'face  of  tlie  Spigelian  lol)e  is  free  ;  it  is  placed  vertically,  and  looks  hackwai-ds 
and  slightly  inwards.  The  lobe  has  also  another  surface,  wliicli  is  hidden  when  in  tlie  hodv  and 
in  the  hardened  liver  hy  the  folding  of  tlie  left  lohe  across  it.  By  this  folding  there  is  forined  a 
deep  fissure  (fissure  of  the  ductus  venosus),  at  the  bottom  of  wliicli  will  l)e  found  the  remains  of 
the  ductus  ^■(■nosus. 

(5)  The  CEsophageal  Groove  is  situated  on  tlie  l)ack  of  the  left  lobe,  to  the 
left  of  the  upper  end  of  the  Sjiiyeliaii  lol)e,  l)ut  separated  from  it  by  the  fissure  of 
the  ductus  venosus  (fossa  ductus  venosi),  which  on  this  aspect  indicates  the  division 
l)et\veeii  the  ri<>ht  and  left  lolies.    The  groove  leads  down  into  the  gastric  iuipres- 


Vi'iia  cava  in  its  fossa 


Spigelian  lobf 


I'Mssun;  of  ductus  venoi 

Onipntal  tuberosity 
(Ksoi)liap:oal  groovo 


Eml  of  sinnarcnal  \  ein 

SupranMial  impression 


Riglit  end  of  caudate  lobe 

Uncovered  area  of  right  lobe 
Henal  impression 


Gastric  impressi 


Attarliment  of  right 
lateral  ligament 


I'ortal  lissurp 

Umbilical  lissuri 


yuadratc  lobe 

Portal  vein 

Gall-bladder 

Duodpual  impres.siou 

Colic  impression 

Kiii.  71(5. — Thk  Livkh  fuom  below  .\xd  bkhind,  showing  tlie  whole  of  llie  visceral  surface  and  the  posterior 
area  of  the  parietal  surface.  The  portal  fissuve  has  hetn  stightly  opened  up  to  show  the  vessels  passing 
through  it ;  tlie  otlier  fissures  are  represented  in  their  natural  condition — closed.  In  this  liver,  wliich 
was  hardened  in  situ,  the  impressions  of  the  sacculations  of  tlie  colon  were  distinctly  visilile  at  the  colic 
impression.  The  rounil  ligament  and  the  remains  of  the  ductus  venosus  are  hidden  in  the  depths  of 
their  fissures. 


sion  on  the  visceral  surface  of  the  left  lolie  (Fig.  71G),  and,  when  in  the  l»ody,  lies 
in  contact  with  the  prominent  right  or  auteiior  margin  of  the  cesophageal  orifice 


of  the  diaphragm  (see  p.  990  and  Fig. 
itself. 


24),  sometimes  also  with  the  oesophagus 


The  superior  area  (jf  the  parietal  surface  lies  in  contact  witli  the  roof  of  the  abdomen  ;  it  is 
convex  on  each  side,  and  depressed  neai'  the  middle  line.  Tlie  two  convexities,  of  which  the 
light  is  the  more  prominent,  fit  into  tlie  two  cuijolie  of  the  diaphragm.;  whilst  the  central 
depression  (depressio  cardiaca)  corresponds  to  the  position  of  the  heart.  This  area  (witli  the 
exception  of  a  small  triangle  at  its  jiosterior  part,  lietween  the  sejiarating  layei's  of  the  fafciform 
ligament)  is  conijiletidy  covered  by  jieritoneum,  and  on  it  the  division  of  the  liver  into  right  and 
left  lobes  is  indicated  by  tlie  attachment  of  the  falciform  ligament. 

The  anterior  area  ni'  ihe  parietal  surface  is  li-iangular  in  shape,  ami  afler  death  is  usually 
flattened,  owing  to  llie  falling  in  of  the  anferinr  abdominal  wall.  In  ]iarf  it  lies  in  contact  with 
tile  diapliragin,  which  separates  il  I'rom  llie  rib-cai't ilages  on  each  siile,  but  at  the  subcostal 
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triangle  it  comes  into  direct  relation  with  the  anterior  wall  of  the  aljdonien,  for  a  distance 
usually  of  two  or  three  inches  below  tlie  xiplii-sternal  articulation.  It  has  a  complete  peritoneal 
covering,  and  gives  attachment  as  far  down  as  tlie  umbilical  notch,  at  the  inferior  Iwrder,  to  tlie 
falciform  ligament,  whicli  connects  it  to  the  anterior  abdominal  wall. 

Tlie  anterior  passes  gradually  into  tlie  upper  and  right  areas,  but  it  is  distinctly  separated 
from  tile  visceral  surface  by  the  sharp  inferior  border  of  the  organ.  The  umbilical  notch  is 
often  continued  upwai'ds  for  some  distance  on  this  surface  as  a  slit-like  fissure. 

The  right  area  of  the  parietal  surface  is  convex  and  extensive,  and  lies  in  contact  witli  the 
diaphragm,  which  separates  it  from  the  inner  surface  of  the  lower  ribs,  and  also  from  tlie  lower 
margin  of  the  lung  and  pleura  above.  Thougli  sharply  marked  off  by  the  inferior  border  from 
the  visceral  surface,  it  passes  without  distinct  limits  into  the  other  areas  of  the  parietal  surface. 
It  is  completely  covered  l)y  peritoneum. 

Visceral  or  Inferior  Surface. — This  surface  of  the  liver  is  an  irregular, 
obliquely  sloping  surface  (Fig.  716),  which  looks  downwards,  backwards,  and  to 
the  left,  and  rests  upon  the  stomach,  intestines,  and  right  kidney — all  of  which 
leave  impressions  upon  it.  The  division  into  right  and  left  loljes  is  indicated  on 
this  surface  by  the  umbilical  fissure,  which  passes  from  the  uniliilical  notch  at  the 
anterior  border,  back  to  the  portal  fissure. 

The  visceral  surface  of  the  left  Johe  is  directed  downwards  and  liackwards,  and 
rests  on  the  upper  surface  of  the  stomach,  in  front  of  the  cardia ;  also  on  the  lesser 
curvature  with  its  attached  lesser  omentum.  The  part  which  rests  upon  the  upper 
surface  of  the  stomach  is  rendered  concave  l)y  the  pressure  of  that  organ  (Fig.  716), 
and  is  known  as  the  gastric  impression  (impressio  gastrica) ;  whilst  the  portion  to 
the  right  of  this,  being  free  from  the  pressure  of  the  stomach,  projects  backwards 
(»ver  the  lesser  curvature  against  the  lesser  omentum,  and  is  known  as  the  omental 
tuberosity  (tuber  omeutale). 

The  visceral  surface  of  the  right  lobe  ma.y  be  divided  into  two  portions  by  the  line 
of  the  gall-bladder,  which  extends  forward  in  its  fossa  to  tlie  lower  sharp  margin 
of  ths  liver  (Fig.  716). 

(a)  To  the  left  of  the  line  of  the  gall-bladder  are  found  from  liefore  liackwards  : — 
The  quadrate  lobe,  portal  fissure,  and  caudate  lobe.  (1)  The  Quadrate  lobe  (lobus 
quadratus)  is  placed  at  the  anterior  part  of  the  under  surface,  between  the  gall- 
Ijladder  and  the  umbilical  fissure,  extending  to  the  inferior  margin  of  the  liver  in 
front,  and  to  the  portal  fissure  liehind:  it  rests  upon  the  pylorus  or  the  beginning 
of  the  duodenum.  (2)  The  portal  or  transverse  fissure  is  a  wide  cleft  through  which 
the  portal  vein,  hepatic  artery,  and  hepatic  duct  enter  the  liver,  and  to  the  margins 
of  which  are  attached  the  two  layers  of  the  lesser  omentum  (Fig.  716).  (3)  The 
caudate  lobe  or  process  (processus  caudatus)  consists  of  a  narrow  ridge  of  liver 
substance  which  runs  across  behind  the  portal  fissure,  and  connects  the  lower  end 
of  the  Spigelian  lobe  with  the  rest  of  the  right  lolie.  It  foi'ms  the  upper  liQundary 
of  the  foramen  of  Winslow,  and  is  felt  when  the  finger  is  introduced  into  that 
passage.    It  is  often  very  smaU,  and  occasiona.Uy  can  scarcely  lie  distinguished. 

(b)  The  surface  to  the  right  of  the  gall-bladder,  which  is  more  extensive  than 
that  on  its  left,  is  entirely  occupied  by  three  impressions  produced  by  the  under- 
lying viscera — namely :  (1)  The  colic  impression  (impressio  colica)  lies  in  front  and 
to  the  right  of  the  gall-l)ladder.  It  rests  upon  the  hepatic  flexure  and  the 
beginning  of  the  transverse  colon.  (2)  Behind  this  is  the  renal  impression  (im- 
pressio renalis),  larger  than  the  preceding,  which  corresponds  in  size  and  form  to 
the  upper  half  or  two-thirds  of  the  right  kidney,  against  the  anterior  or  visceral 
surface  of  which  it  lies.  It  is  placed  behind  the  colic  impression  just  as  the  kidney 
itself  is  placed  behind  the  colon.  (3)  To  the  inner  side  of  the  renal  impression,  and 
near  the  neck  of  the  gaU-liladder,  is  placed  the  narrow  duodenal  impression  (im- 
pressio duodenalis)  which  lies  in  contact  with  the  duodenum  (the  second  part,  down 
to  the  point  at  which  it  is  crossed  by  the  colon). 

The  quadrate  lobe  is  of  an  oblong  shape,  the  antero-])osterior  diameter  being  the  greatest.  Its 
surface  is  generally  concave,  and  is  related  to  the  pylorus  and  the  adjacent  parts  of  the  stomach 
and  duodenum,  when  the  former  is  distended.  When  the  stomach  is  empty,  however,  the 
pylorus  usually  lies  beneath  the  right  portion  of  the  left  lobe,  and  the  fir.st  part  f)f  the  duodenum 
lies  beneath  the  (juadrate  lolie,  the  transverse  colon  also  coming  in  contact  witli  it  aiiteriorlv 

The  upper  (mkI  ii(  the  n-ual  iinpri'ssion  is  fre(^uen11y  inicovereil  liv  pcrit<iiicinii  f'Fig.  7U)\  that 
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is  to  say,  the  "  uncovered  area  "  of  tlie  right  lobe  extends  down  over  tlu;  inii)ressioii  tor  a  little 
way.  This  inij)ressiou  is  very  deej),  and  aeconiniodates  nearly  the  whole  thickness  of  the  kidney. 
Ill  many  hardened  S2)eciinens  it  would  a])pear  to  belong  more  to  the  jiosterior  part  of  the 
parietal  than  to  the  inferior  or  visceral  surface. 

The  inferior  margin  of  the  liver,  as  alreatly  pointed  out,  separates  the  paiietal 
from  the  visceral  surface.  Behind,  it  is  indistinctly  marked  and  corresponds  to  the 
lower  edge  of  the  posterior  area,  or  l)ack,  of  the  parietal  surface :  it  is  in  con- 
tact with  the  right  kidney,  and  runs  along  the  course  of  the  eleventh  ril).  At  the 
righ  t  side  it  is  stout  but  distinct,  and  usually  corresponds  to,  or  projects  a  little  wa}' 
l)elow,  the  lower  border  of  the  thoracic  frainework.  In  front  (margo  anterior)  it  is 
thin  and  sharp,  and  crosses  the  anterior  al)douiinal  wall  ol)liquely,  generally  corre- 
sponding to  a  line  drawn  from  a  point  half  an  inch  (12  mm.)  below  the  margin  of 
the  ril  IS  (tip  of  tenth  costal  cartilage)  on  the  right  side  to  a  point  an  inch  l)elow  the 
nipple  on  the  left,  and  extending  down  in  the  middle  line  to  a  point  half-way 
tietween  the  gladiolus  and  the  umbilicus.  This  portion  of  the  lower  liorder 
usually,  but  not  invariably,  presents  one  or  two  notches.  The  umbilical  notch 
(incisura  umbilicalis),  by  much  the  more  constant  of  the  two  (Fig.  715),  is 
situated  at  the  anterior  end  of  the  uml)ilical  fissure,  and  corresponds  to  the  lower 
part  of  the  attachment  of  the  falciform  ligament.  It  is  usually  placed  from  one  to 
two  inches  (2-5  to  5-0  cm.)  to  the  right  of  the  middle  line.  The  second  notch,  less 
frequently  present,  corresponds  to  the  fundus  of  the  gall-l)ladder,  and  may  be 
called  the  notch  of  the  gall-bladder  (incisura  vesicte  felle?e). 

At  its  left  extremity  tlie  inferior  margin  passes  backwards  around  the  edge  of 
the  left  lobe,  and  ends  at  the  oesophageal  groove  on  its  back. 

Fissures  of  the  Liver.— Five  fissures  or  fosste  are  usually  described  in  con- 
nexion with  the  liver ;  these  are :  (1)  the  umliilical  fissure,  (2)  the  fissure  of  the 
dttctus  venosus  ;  (3)  the  portal  fissure;  (4)  the  fissure,  or  fossa,  of  the  gall-1  iladder ; 
and  (5)  the  fissure,  or  fossa,  of  the  vena  cava. 

Taken  together,  the  five  fissures  are  arranged  Somewhat  in  the  form  of  the  letter 
A  (Fig.  716) ;  the  two  lower  divisions  of  the  diverging  limbs  being  formed  by  the 
umbilical  fissure  and  the  fissure  of  the  gall-bladder  respectively,  and  the  cross-piece 
l)y  the  portal  fissure — all  of  which  are  placed  on  the  inferior  or  visceral  surface. 
The  two  upper  divisions  of  the  limbs  are  represented  by  the  fissure  of  the  ductus 
venosus  and  that  of  the  vena  cava,  which  meet  above  and  are  both  placed  on 
the  back  or  posterior  area  of  the  parietal  surface.  The  latter  of  these  two — 
namely,  the  fissure  of  the  cava,  represented  by  the  right  upper  division  of  the  A — 
does  not  join  the  cross-piece  (the  portal  fissure),  but  is  separated  from  it  lielow  by 
a  narrow  ridge  of  liver  substance — the  caudate  lobe  or  process  (Fig.  716). 

(1)  The  umbilical  fissure  (fossa  vente  uml)ilicalis)  is  a  deep  crevice-like  fissure, 
situated  on  the  visceral  surface  between  the  adjacent  portions  of  the  quadrate  and 
left  lobes.  At  its  bottom  is  seen  a  stout  fibrous  band,  the  round  ligament — the 
remains  of  the  umbilical  vein  of  the  foetus.  The  fissure  leads  from  the  umbilical 
notch  at  the  inferior  border  of  the  liver  to  the  left  extremity  of  the  portal  fissure 
(Fig.  716),  and  is  very  often  crossed  by  a  pons  hepatis — a  band  of  liver  substance 
■ — which  may  even  extend  along  the  whole  length  of  the  fissure,  hiding  the  round 
ligament  completely  from  view. 

(2)  The  fissure  of  the  ductus  venosus  (fossa  ductus  venosi)  lies  on  the  liack  of 
the  parietal  surface  of  the  liver  and  separates  the  Spigelian  from  the  left  lobe 
(Fig.  716).  It  joins  the  portal  fissure  lielow,  opposite  the  umbilical  fissure;  and 
above,  it  meets  the  fissure  of  the  vena  cava.  On  separating  its  sides  there  is  found 
at  its  bottom  a  filirous  liand,  usually  much  thinner  than  the  round  ligament :  this 
is  the  remains  of  the  ductus  venosus  of  the  fa'tus. 

The  umbilical  fissure  and  the  fissure  of  the  ductus  venosus  taken  together  con- 
stitute the  longitudinal  fissure  of  the  liver  (fossa  longitudinalis  sinistra),  which 
separates  the  right  from  the  left  lobe  on  both  the  inferior  and  posterior  aspects.  It 
will  be  observed  that  all  other  fissures  and  all  other  lobes  (except  the  left)  lie  to 
the  right  of  the  longitudinal  fissure,  and  therefore  are  situated  on  the  right  lobe. 

(o)  The  portal  or  transverse  fissure  (porta  hepatis)  when  examined  in  the  un- 
hardened  liver  appears  as  a  wide  depression,  Ijounded  by  })rominent  lips,  which  runs 
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to  the  right,  from  the  middle .  of  the  longitudinal  fissure,  between  the  quadrate 
lobe  in  front  and  the  caudate  and  Spigelian  l<jl)es  l)ehiud  (Fig.  716).  Through  it 
the  portal  vein,  hepatic  artery,  and  hepatic  plexus  of  nerves  enter,  and  the  hepatic 
ducts  and  lymphatic  vessels  leave,  the  liver,  whilst  around  its  margins  are  attached 
the  two  layer.s  of  the  lesser  omentum.  The  lissure  itself  is  filled,  between  the 
entering  and  issuing  vessels,  by  a  loose  connective  tissue  known  as  Glisson's 
capsule,  which  ;^sses  with  the  portal  vein  into  the  liver  substance. 

When  tlie  liver  is  in  tlie  l)ody,  or  when  liardened  l)efore  removal,  tliese  three  fissures,  instead  of 
apjiearing  as  wide,  shallow  depressions,  have  the  form  of  narro^\■  clefts,  with  a  depth  of  three- 
quarters  to  one  inch  (18-2.5  mm.),  or  even  more — a  form  which  results  from  the  folding  together  of 
the  jxjrtions  of  the  liver  Vioundiug  these  fissures. 

(4)  The  fossa  of  the  gall-bladder  (fossa  vesicae  felleee)  is  a  slight  depression 
which  begins  (often  as  a  notch)  at  or  near  the  inferior  border  of  the  liver, 
and  runs  Ijackwards  and  to  the  left,  as  far  as  the  portal  fissure  (Fig.  716), 
separating  the  quadrate  from  the  rest  of  the  right  lol)e.  Its  surface  is  uncovered 
by  peritoneum  as  a  rule,  and  in  it  lies  the  gall-l)ladder — the  two  being  united  I)y 
areolar  tissue. 

(5)  The  fossa  of  the  vena  cava  (fossa  vente  cavte)  is  a  deep  groove,  on  the 
back  of  the  liver,  between  the  Spigelian  and  right  lobes,  in  which  the  upper 
part  of  the  inferior  vena  cava  is  emliedded,  immediately  before  it  pierces  the 
diaphragm.  It  has  been  already  descriljed  in  connexion  with  the  posterior  area  of 
the  parietal  surface  of  the  liver,  page  1061. 

The  depressions  for  the  gall-bladder  and  the  vena  cava  are  called,  almost  indiscriminately, 
fissures  or  fossse.  In  liardened  sjiecimens,  it  will  be  seen  that  only  three  are  really  fissure  or 
crevice-like,  namely,  the  umbilical  fissure,  the  portal  fissure,  and  the  fissure  of  the  ductus  venesus  : 
the  remaining  two  are  rather  of  the  nature  of  fossai. 

Lobes  of  the  Liver. — The  liver  is  divisible  into  two  chief  lobes,  right  and 
left,  which  are  separated  l)y  the  attachment  of  the  falciform  ligament  al)0ve  and  in 
front,  and  by  the  two  parts  of  the  longitudinal  fissure  below  and  behind.  The  right 
lobe  forms  about  four-hfths  of  the  mass  of  the  liver,  and  on  it  three  secondary  lobes — 
the  qtiadrate,  Spigelian,  and  caudate,  already  sufficiently  descril)ed — are  marked  off 
by  the  live  fissures  referred  to  in  the  preceding  paragraphs.  The  left  lobe  is  much 
smaller  and  more  flattened  than  the  right,  and,  as  a  ride,  it  projects  one  or  two  inches 
(2-5  to  5'0  cm.)  to  the  right  of  the  middle  line.  The  details  of  these  lobes  have  been 
already  given  in  connexion  with  the  sitrfaces  of  the  liver.. 

Peritoneal  Relations  of  the  Liver. — With  the  exception  of  (1)  the  uncovered 
area  at  the  back  of  the  right  lobe,  (2)  a  small  triangular  space  on  the  parietal  surface, 
where  the  two  layers  of  the  falciform  ligament  separate  posteriorly,  and  (3)  usually,  but 
not  invariably,  the  fossa  of  the  gall-bladder,  the  liver  is  completely  covered  by  peritoneum. 
The  covering  of  the  caudate  and  Spigelian  lobes  is  derived  from  the  small  sac,  that  of  the 
rest  of  the  organ  from  the  great  sac  of  the  peritoneum. 

The  peritoneum  of  the  anterior  abdominal  wall  passes  liack  on  the  under  surface  of 
the  diaphragm,  whence  it  is  reflected  on  to  the  upper  aspect  of  the  liver,  but  the  line  of 
reflection  is  broken  by  a  fold  running  down  at  right  angles  from  its  middle  to  the  rmibili- 
cal  notch  ;  this  is  the  falciform  ligament  already  referred  to.  The  portion  of  the  reflection 
to  the  right  of  this  fold  forms  the  upper  layer  of  the  coronary  ligament,  that  to  the  left 
forms  the  upper  layer  of  the  left  lateral  ligament. 

Having  thus  reached  the  liver  from  the  diaphragm  the  peritoneum  jmsses  forwards, 
clothing  its  parietal  surface  as  far  as  the  anterior  margin,  around  which  it  turns  to  gain 
tlie  lower  or  visceral  surface.  This  it  also  covers  as  far  back  as  the  portal  fissure  and  the 
fissure  of  the  ductus  venosus  (Fig.  716),  from  which  it  descends  to  the  stomach  as  the 
anterior  layer  of  the  lesser  omentum. 

As  regards  the  covering  derived  from  the  small  sac  : — Its  peritoneum  passes  in  through 
the  foi'amen  of  W'inslow,  which  is  placed  immediately  beneath  the  caudate  lobe,  and  thus 
it  clothes  this  lobe  (Fig.  716).  Then  turning  upwards  it  expands  over  the  Spigelian 
lobe,  clothing  its  two  surfaces. 

From  the  right  margin  of  the  Spigelian  lobe  it  is  rellected  to  the  diaphragm,  here 


lOGG 


THE  DIGESTIVE  SYSTEM. 


forming  the  left  bomidarv  (Fig.  724)  of  tlie  uncovered  area  of  tlie  riglit  lobe,  and  a  tliird 
layer  of  the  coronary  ligament. 

The  detailed  arrangement  of  tlie  peritoneum  will  be  found  on  p.  1046,  with  the  general 
account  of  the  peritoneal  cavity. 

Ligaments. — Most  of  the  ligaments  of  the  liver,  namely,  the  coronary,  falciform,  and 
two  lateral,  are  formed  by  folds  of  peritoneum  ;  the  other  two,  namely,  the  I'ound  ligament 
and  the  ligament  of  the  ductus  venosus,  are  remains  of  foetal  blood-vessels. 

The  coronary  ligament  (ligamentum  coronarium  hepatis)  consists  of  the  folds  of 
peritoneum  w  hich  are  reflected  from  the  liver  to  the  diaphragm  at  the  margins  of  the  un- 
covered area  of  the  right  lobe  ;  both  its  upper  and  lower  layers  are  derived  from  the  great 
sac.  The  name  of  right  lateral  ligament  has  been  given,  without  sufficient  reason,  per- 
haps, to  its  pointed  I'iglit  extremity  (Fig.  716). 

The  left  lateral  ligament  (ligamentum  triangulare)  is  a  considerable  triangular  fold, 
entirely  miconnected  with  tlie  coronary  ligament,  which  is  attached  by  one  end  to  the 
upper  or  parietal  surface  of  the  left  lobe  near  its  posterior  border,  and  by  the  other  to  the 
diaphragm,  for  a  distance  of  several  inches  as  a  rule. 

Its  attaclnueut  to  the  diai)hragni  lies  nearly  altogether  to  tlie  left  of  the  tcsopliageal  orifice, 
and  about  |  inch  (18  mm.)  in  front  of  the  line  of  this  ojiening.  Sonietinies  it  is  directed 
from  the  diaphragm  liackwards  to  its  liepatic  attaelnnent. 

Falciform  Ligament  (ligamentum  falciforme  hepatis). — This  is  also  known  as  the  broad 
and  the  suspensory  ligament,  the  latter  being  a  distinct  misnomer.  It  is  a  crescentic  fold 
of  peritoneum,  which  is  attached  by  its  convex  border  to  the  under  surface  of  the 
diaphragm,  and  to  the  anterior  abdominal  w-all  (an  inch  or  more  to  the  right  of  the  middle 
line)  to  within  a  short  distance  (1  to  2  inches,  2"5  to  5  cm.)  of  the  umbilicus.  Its  concave 
border  is  attached  to  (the  sujx?rior  and  anterior  areas  of)  the  parietal  surface  of  the  liver  ; 
below  this  it  presents  a  free  edge,  stretching  from  near  the  umbilicus  to  the  umbilical 
notch  of  the  liver,  and  containing  within  it  a  stout  fibrous  cord,  the  round  ligament.  • 

Near  the  liack  part  of  the  upper  aspect  of  the  liver  the  two  layers  of  which  the  falciform 
ligament  is  coini)osed  separate,  and  leave  a  triangular  area  of  liver  substance  in  front  of  the 
upper  end  of  the  vena  cava  mu-overed  by  peritoneum.  Traced  backwards,  the  right  layer  passes 
into  the  upper  layer  of  the  coronary  ligament,  the  left  into  that  of  the  left  lateral  ligament.  It 
is  the  remains  of  the  ventral  mesentery  of  the  embryo,  and  probably  has  no  supporting  or 
suspensory  action  on  the  liver  of  the  adult. 

The  lesser  or  gastro-hepatic  omentum  (omentum  minus)  is  a  fold  of  peritoneum 
wdiich  extends  from  the  liver  to  the  lesser  curvature  of  the  stomach.  (Jf  its  two  layei's — 
wdiich  are  largely  blended  together  in  the  adult — the  anterior  is  derived  from  the  gi'cat, 
the  posterior  from  the  small  sac. 

It  is  attached  above  to  the  margins  of  the  portal  fissure,  and  also  to  the  bottom  of  the 
fissure  of  the  ductus  venosus.  Below,  it  is  connected  to  the  lesser  curvature  of  the 
stomach,  where  its  two  layers  separate  to  enclose  that  organ,  and  also  to  the  upper  border 
of  the  duodenum  for  an  inch  or  more  beyond  the  pylorus.  Between  its  layers,  close  to 
its  right  or  free  border,  are  contained  the  bile  duct,  the  hepatic  artery,  the  portal  vein,  and 
the  nerves  and  lymphatics  passing  to  the  portal  fissure  (Fig.  718).  It  is  wide  in  the  middle 
and  narrow  at  each  end.  Of  the  two  ends  the  right  is  free,  and  stretches  from  the  liver 
to  the  duodenum,  forming  the  anterior  boinidary  of  the  foramen  of  Winslow.  The  left 
end  is  very  narrow,  and  is  attached  to  the  diaphragm  between  the  a;sophageal  and  caval 
openings  (just  to  the  right  of  the  reference  line  in  Fig.  724,  marked  "top  of  small  sac.") 

The  portion  of  the  omentum  pa.s.sing  between  the  liver  and  the  stomach  is  sometimes  known 
as  the  hepato-gasti-ic  ligament  (ligamentum  hepato-gastricum),  that  l)etween  the  liver  and  the 
duodenum  as  the  hepato-duodenal  ligament  (ligamentum  hepato-duodenale). 

The  round  ligament  (ligamentum  teres  hepatis)  is  a  stout  fibrous  band  which  passes 
from  the  undjilicus  backwards  and  upwards,  within  the  free  margin  of  the  falciform  liga- 
ment, to  the  umbilical  notch  of  the  liver,  and  thence  back  in  the  umbilical  fissure,  to  join 
the  left  branch  of  the  portal  vein.  It  is  the  remains  of  the  umbilical  vein  which,  before 
birth,  carries  the  arterial  blood  from  the  placenta  to  the  body  of  the  foetus  (Fig.  717). 

The  remains  of  the  ductus  venosus  (ligamentum  vcnosum  Arantii)  is  a  slender 
fibrous  bundle,  which  passes  from  the  left  branch  of  the  portal  vein,  nearly  opposite  the 
attachment  of  the  round  ligament,  backwards  in  the  fissure  bearing  its  name,  to  be  con- 
nected with  the  inferior  vena  cava  as  it  leaves  the  liver.  In  the  foetus  this  structure  is  a 
considerable  vessel,  which  conveys  sonu^  of  the  blood  brought  to  the  portal  fissure  by  the 
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umbilical  vein  directly  backwards  to  the  vena  cava.  At  the  time  of  birth  the  ductus 
venosus  and  umbilical  vein  cease  to  carry  blood,  their  cavities  become  obliterated,  and  they 
degenerate  into  fibrous  cords. 

Physical  Characters  of  the  Liver. — The  liver  is  a  coiupact  mass,  moderately 
firm  to  the  touch  ;  it  is  pUaiit,  ))ut  not  tough,  and  is  easily  lacerated.  Its  torn 
surface  presents  a  granular  appearance,  due  to  the  fact  that  it  is  made  up  of  small 
loljules  about  the  size  of  a  pin's  head  (xV^h  to  ^Vth  of  an  inch,  1  to  2  mm.).  These 
little  lobules  also  give  its  exterior  a  characteristic  finely-mottled  appearance.  Its 
c't)l()uv  is  reddish  brown,  and  its  specific  gravity  varies  from  1'05  to  1'0(J. 

In  the  Child. — The  liver  of  the  child  differs  from  that  of  the  adult,  in  being  rela- 
tively larger — -^^th  of  the  body  weight  at  l)irth  as  against  jsVth  or  Jg-th  in  the 
adult — in  occupying  more  of  the  abdominal  cavity,  and  in  the  fact  that  its  two 
lobes  are  more  nearly  equal  in  size,  the  pro- 
portion l)eing  as  two  to  one  at  Itirth  and  as 
four  to  one  in  the  adult. 

Variations  in  Size,  Form,  and  Position. — Few- 
organs  will  1)1'  found  to  vary  more  in  size  in  different 
bodies  than  the  liver  ;  these  variations,  liowever,  are 
very  frequently  to  be  looked  upon  as  jiathological. 
But  even  normal,  healthy  livers  ^'ary  in  weight  from 
48  to  58  ounces  in  the  adult  male,  and  from  40  to  50 
ounces  in  the  female. 

Variations  in  form  and  position  (loul)tlessly  take 
place  i^hysiologically,  as  a  result  of  the  conditions 
of  fulness  or  emptiness  of  the  adjacent  viscera ;  for, 
though  the  liver,  like  the  other  solid  alxlominal 
organs,  has  an  intrinsic  shape  of  its  own,  this  is 
cajiable  of  modification  within  cei'tain  limits  by  the 
varying  pressure  of  the  srirronnding  parts.  Tims, 
great  distension  of  the  stomach,  or  of  a  portion  of 
the  transverse  colon  lying  in  the  stomach  chamber, 
pushes  the  liver  over  to  the  right,  so  that  it  may 
hardly  reach  the  ndddle  line,  and  at  the  same  time  it 
increases  its  vertical  depth.  On  the  other  hand,  a 
distended  state  of  the  small  intestines,  with  a  con- 
tracted stomach  and  colon,  may  have  the  opposite 
effect,  flattening  it  from  lielow  upwards  and  enlarg- 
ing it  in  the  transverse  direction. 

Variations  in  form  and  position  dur  to  nutl- 
forinations  of  the  thoracic  framework,  either  con- 
genital or  accpiired,  are  very  common,  particularly  in  females  as  a  result  of  tight  lacing,  which 
carries  in  the  lower  rilis.  Sometimes  in  these  cases  the  constriction  of  the  w^aist  lies  chietly 
below  the  liver.  The  organ  is  then  forced  up  against  the  diaphragm,  filling  its  whole  vault,  and 
extending  across  to  the  left  abdominal  wall,  wdiere  its  left  margin  may  lie  in  the  interval 
between  the  diaphragm  and  the  spleen.  But  more  commonly  it  would  seem  that  the  liver  is 
caught  by  the  constriction  :  its  upper  part  is  then  closely  pressed  into  the  vault  of  the  diaphragm, 
which,  owing  to  the  narrowing  of  the  thorax,  is  imable  to  acconnnodate  the  whole  organ,  so 
that  its  lower  part  is  crushed  down  for  a  considerable  distance  into  the  umbilical  zone  of  the 
abdomen  (Fig.  678,  p.  1006),  particularly  on  the  right  side.  Often,  too,  a  wdde,  tongue-like 
process  (the  so-called  "  Riedel's  lobe")  descends  from  the  lower  margin,  external  to  the  gall- 
bladder. This  process,  which  when  very  large  may  reach  to  the  iliac  crest,  is  sometimes  found 
in  men,  although  more  connuou  in  women,  and  is  lial.ile  to  Ije  mistaken  for  a  tumour.  A  some- 
what similar  process  occasionallj'  descends  from  the  left  lolie. 

Again,  in  ajjparently  healthy  bodies  the  liver  may  extend  up  on  the  right  side  almost  to  the 
fourth  rib  ;  whilst  in  other  cases  it  may  lie  as  low  as  the  sixth  rili,  or  even  lower.  Nor  is  it 
rare — particularly  in  females — to  find  the  lower  border  projecting  two  or  three  inches  (5'0  to  7'5 
cm.)  below  the  margin  of  the  thorax  on  the  right  side  (Figv  678,  p.  1006). 

Reference  should  be  made  here  to  certain  grooves  often  .seen  on  the  liver.  Some  of  these  are 
found  running  ol)liqueh'  low  down  at  the  right  side  where  the  liver  is  in  contact  with  the  rihs  ; 
they  are  particularly  connnon  in  females,  and  are  due  to  the  pressure  of  the  ribs  resulting  from 
tight  lacing.  Grooves  of  a  different  kind  are  found  at  the  upjier  part  of  the  parietal  surface, 
where  the  liver  is  in  contact  with  the  diaphragm  ;  these  usually  run  radially,  that,  is  in  the 
direction  of  the  muscular  fibres  of  the  dia[)hragm,  and  are  aiiparently  produced  by  a  wrinkling, 
or  irregular  coiiti'actinn,  of  the  iliajihragm.  At  least,  ridges  of  the  diapliragm  are  found  lying  in 
the  grooves,  and  these  ridges  or  wi-inkles  would  seem  to  be  responsilde  for  the  ])rodnction  f)f  the 
groo\'('S. 

Finally,  the  liver  may  present  certain  congenital  irregularities  in  the  dii'cclicjn  ot  additional 
fissures  and  lol)es,  which  repi'oduce  the  c-ouilitions  fnuud  iu  the  higher  apes,  and  are  \'ery 


Fici.  717. — The  Audojunal  and  Thohacic 
ViscEKA  OF  A  Five-Months  Fcetus. 

Tlie  large  liver  and  the  large  size  of  its  left  lobe, 
at  tliis  age,  should  be  noted. 
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(■oimiiouly  ])i'esent  in  tlie  I'a-tus  (Tlionisoii).  Or  tlu^  liver  may  be  divided  iqi  into  a  large  muiiT)er 
of  distinct  l()l)es,  as  in  uiixst  other  animals. 

Changes  in  position  have  lieen  already  refei  red  to  in  connexion  with  variations  in  form  ; 
there  need  only  he  added  here  that  the  liver  ascend.s  and  descends  at  every  expiration  and  inspira- 
tion respectively,  and  that  it  also  descends,  but  very  .slightly,  in  changing  from  the  reclining  to 
the  erect  jjosture.  Occasionally,  without  any  evident  cause,  the  liver  and  diaphragm  are  found 
to  occupy  a  higher  oi-  lower  position  than  usual. 

Fixation  of  the  Liver. — At  first  sight  it  is  not  easy  to  luiderstand  the  means  by  which 
the  liver  maintains  its  position  in  the  abdomen  (and  the  same  remark  a])plie.s,  perhap.s,  to  other 
solid  abdominal  organs).  The  falciform  ligament  probably  gives  it  no  support,  as  it  is  ([uite  lax 
when  in  the  body.  Nor  can  it  be  said  that  its  vessels,  except  perhaps  the  hepatic  veins,  assist. 
However,  on  considering  the  conditions  under  which  the  visceiu  are  placed  in  the  alidominal 
cavity  the  ])i'obleni  becomes  less  difticult. 

The  alxlonien  is  a  closed  cavity,  with  a  tirm  framewoik  to  its  upper  jiart,  a  tightly  stretched 
diaphragm  for  its  roof,  and  muscular  walls  all  round.  Into  the  concavity  of  this  roof  the  parietal 
surface  of  the  liver  is  fitted  with  perfect  accuracy,  so  that  the  two  are  in  absolute  contact,  and 
cannot  be  separated  without  jiroducing  a  vacuiim,  unless  some  other  structure  is  in  a  position  to 
fill  the  space.  But  there  is  hardly  any  other  viscus  movable  enough  to  pass  ujj  over  the  front 
of  the  liver  into  the  vault  of  the  diajihragm,  so  that  atmospheric  ])ressure  alone  is  probably 
sufficient  to  retain  the  organ  in  situ,  as  in  the  oa.se  of  the  hip  joint.  In  addition,  the  abdominal 
muscles  are  always  in  a  condition  of  tonic  contraction  or  "  tone,"  which  gives  rise  to  an  intra- 
abdominal pressure.  This  is  effective  in  all  directions,  and  consequently  there  is  a  considerable 
jn-essure  on  all  the  abdominal  walls.  The  liver,  being  in  ab.solute  contact  with  the  roof,  may  be 
considered  a  part  of  this  wall,  and  it  is  consequently  affected  by  this  ])ressure  which  help's  to 
sustain  it.  Add  to  this,  the  support  Mdiich  the  organ  receives  from  the  inte.stines,  the  stomach, 
and  the  pancreas  ;  from  the  coronary  and  lateral  ligaments ;  from  the  connexion  of  the  back  of 
the  right  lobe  by  areolar  tissue  to  the  diaphragm  ;  and,  finally,  from  the  vena  cava  embedded  in 
the  liver  and  sending  its  hepatic  veins  forwards  to  all  parts  of  the  organ,  just  before  the  cava 
itself  is  firmly  attached  to  the  margins  of  the  caval  orifice  in  the  central  tendon  of  the 
diajjhragm,  and  we  \\\\\  probaldy  find  sufficient  cause  for  the  maintenance  of  the  organ  in  its 
position  in  the  alxlominal  cavity. 

THE  GALL-BLADDER  AND  BILE-PASSAGES. 

Under  this  lieading  we  h.ive  to  consider  the  hepatic  ducts,  the  gall-bladder, 
the  cystic  duct,  and  the  common  bile-duct. 

The  excretory  ducts  of  the  liver  (Fig.  718)  begin  within  tlie  hepatic  lobules  as  minute 
channels,  running  between  the  hepatic  cells  (Fig-.  721),  and  known  as  the  bile  canaliculi 
(ductus  biliferi). 

Outside  the  lobules  these  join  (Fig.  721)  the  interlobular  ducts  (ductus  interlobu- 
lares),  which  latter  by  uniting  form  larger  and  larger  ducts,  and  finally  end  in  two,  or 
more,  chief  hepatic  ducts,  a  larger  from  the  right,  and  a  smaller  from  the  left  lobe,  which 
unite  immediately  after  leaving  the  liver  to  form  the  hepatic  duct. 

As  a  nde,  five  or  six  ducts  leave  the  liver  at  the  l>ottom  of  the  portal  fissure  ;  these  generally 
unite  into  right  and  left  main  ducts  ;  sometimes  they  all  converge  towards,  and  unite  at  the 
beginning  of  the  hepatic  duct.  It  is  interesting  to  note  that  the  ducts  from  the  Spigelian  au"d 
caudate  lobes  join  the  left  main  duct. 

The  hepatic  duct  (ductus  hepaticus),  formed  at  the  bottom  of  tlie  portal  fissure 
l)y  the  uni(jn  of  right  and  left  chief"  ducts  (Fig.  718),  passes  doNvnwards,  with  an 
irregular  course,  and,  just  outside  the  mouth  of  the  portal  fissure,  is  joined  by 
the  cystic  duct  (Fig.  718)  to  form  the  common  bile-duct.  In  length  it  usually 
measures  about  1  to  1}  inches  (25  to  31  mm.),  and  in  breadth,  when  flattened 
out,  nearly  \  inch  (6  mm.),  or  about  as  much  as  a  goose  quiU.  It  lies,  practically 
altogether,  within  the  portal  fissure. 

The  gall-bladder  (vesica  fellea),  with  its  cystic  duct,  may  Ije  looked  upon  as  a 
diverticulum  of  the  l)ile-duct,  enlarged  at  its  extremity  to  form  a  reservoir  for  the 
bile.  It  is  pear-shaped,  and  lies  obliquely  on  the  under  surface  of  the  liver  (Fig. 
718).  The  wide  end,  or  fundus,  usually  reaches  the  inferior  border  of  the  liver — where 
there  is  sometimes  a  notch  to  receive  it — and  comes  in  contact  with  the  anterior 
alidominal  wall  (Fig.  714).  The  body  (corpus)  runs  Ijackwards,  upwards, and  to  the 
left,  lying  in  the  ibssa  of  the  gall-bladder,  aiul  luiar  tlie  portal  fissure  passes  rather 
abruptly  into  the  narrow  neck.  The  neck  (collum)  is  curved  inwards  towards  the 
])ortal  fissure,  in  the  form  of  the  italic  letter  s,  ami  wluiii  distended  it  presents  the 
appearance  of  a  spiral  constriction  which  is  continued  into  the  l)eginning  of  the 
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cystic  duct,  aiul  is  due  to  a  series  of  cresceiitic  folds  ])laced  soincwliat  s])ii'ally 
round  the  interior  of  its  cavity.  Having  arrived  near  tlie  portal  Hssure,  much 
reduced  in  size,  it 
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Fig.  718. — Structures  between  the  Layers  of  the  Lesser  Omentum. 
The  liver  has  been  raised  up,  and  the  anterior  layer  of  the  onientuni  removed 
(semi-diagranimatio). 


passes  into 
cystic  duct. 

As  a  rule  the 
gall  -  bladder  is 
covered  liy  the  peri- 
toneum of  the  in- 
ferior surface  of  the 
liver,  except  on  its 
upper  aspect,  which 
is  united  to  the 
fossa  of  the  gall- 
bladder hj  areolar 
tissue.  Sometimes, 
but  rarely,  this  sur- 
face is  covered  also, 
and  the  gall-bladder 
is  then  suspended 
from  the  liver  by 
a  short  peritoneal 
ligament.  The 
fundus  usually  lies 
in  contact  with  the 
anterior  al)doininal 
wall,  at  or  imme- 
diately beneath  the 
point  where  the 

right  Poupart  line  strikes  the  lower  margin  of  the  ribs  (i.e.  in  the  angle  lietween 
the  outer  border  of  the  right  rectus  muscle  and  the  lower  margin  of  the  ribs). 
Above,  the  gall-bladder  lies  against  the  liver ;  and  heloiv,  it  rests  on  the  transverse 
colon  in  front,  and  behind,  near  its  neck  on  the  duodenum. 

In  some  bodies  tlie  fundus  of  tlie  gall-bladder  does  not  reacli  tlie  border  of  the  liver  or  the 
abdominal  wall.  In  others  it  may  lie  moved  considerably  to  the  right  of  the  Poupart  line — 
possibly  as  a  result  of  distension  of  the  stomach  and  colon — or  as  a  result  of  tight  lacing,  it  may  lie 
moved  to  the  left,  and  may  then  lie  near  the  middle  line  and  far  below  tlie  ril)S  (Fig.  678,  p.  1006). 

Its  total  absence,  as  well  as  the  presence  of  two  distinct  gall-bladders,  and  several  otlier  irre- 
gularities in  form,  have  been  recorded. 

Its  size  is  usually  about  3  inches  (75  mm.)  in  lengtli,  and  1  to  Ij  inch  (25  to  31  mm.)  in  dia- 
meter.   Its  capacity  varies  Ijet-ween  1  and  1|  fliud  ounces. 

Structure  of  Gall-bladder. — The  wall  of  the  gall-bladder  is  composed  of  an  outer 
coat  of  peritoneum,  usually  incomplete  ;  a  middle  coat  of  fibrous  tissue  with  unstriped 
muscle  iutermi.xed  ;  and  au  inner  coat  of  mucous  membrane,  which  is  covered  by  columnar 
epithelium,  and  is  raised  into  a  number  of  small  ridges,  which  confer  on  it  a  reticulated 
appearance.  The  mucous  membrane  is  always  deeply  stained  with  bile  when  the  gall- 
bladder is  opened  after  death. 

The  cystic  artery  which  supplies  it  with  blood  arises  fxcm  the  hepatic,  or  its  riglit  division, 
and  divides  into  two  branches,  which  run  on  the  lateral  surfaces  of  the  organ.  Tlic  veins  join 
the  portal  trunk,  and  the  nerves  come  from  the  sympathetic  on  the  liepiatic  artery. 

The  cystic  duct  (ductus  cysticus),  about  half  the  diameter  of  the  hepatic  duct 
(3  mm.),  but  usually  slightly  longer  (1^  to  1|  inch,  31  to  37  mm.),  begins  at  the 
neck  of  the  gall-bladder,  and  rr.nning  an  irregular  course  liackwards  and  inwards, 
joins  the  hepatic  duct  at  the  mouth  of  the  portal  fissure,  to  form  tlie  common  bile- 
duct.  The  spiral  constriction  found  in  the  neck  of  the  gall-bladder  is  continued 
into  the  beoinniny;  of  this  duct. 

The  common  bile-duct  (ductus  choledochus)  begins  at  the  mouth  of  the  portal 
fissitre,  where  it  is  formed  by  the  union  of  the  hepatic  and  cystic  ducts.  From 
this  it  passes  downwards,  in  frcjut  of  the  foramen  of  Winslow,  lying  between  the 
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two  layors  of  Llit;  lossur  oiiu'iitum,  with  tlu;  ])Ortal  vein  behind  and  the  he])atie  artorv 
to  its  left.    It  next  descends  l)ehind  the  first  ])art  of  the  duodeiuun  (luu;.  71S), 

and  then  .l)etween  the  pancreas  and  descending  duo- 
denum. Finally,  it  meets  the  pancreatic  duct,  and 
tlie  two,  running  together,  pierce  the  inner  wall  of 
tlie  descending  duodenum  very  obliquely,  and  0])en 
Ity  a  common  orifice  on  the  l)ile  ])a|»illa  (papilla 
duodenalis),  about  ',^1  or  4  inches  (8"7  to  10  cm.) 
beyond  the  pylorus  (see  p.  1019). 

The  length  of  the  common  bile-duct  is  about inches 
(7ii  mm.),  and  its  diameter,  which  is  very  varia))le,  is 
generally  al)out  }  inch  (0  to  7  mm.). 

Structure  of  Excretory  Ducts.  -With  thu  exception 
of  the  jjeritoncal  coat,  whieii  i.s  absent,  the  hepatic,  cystic, 
and  common  bilc-dncts,  agree  with  the  gall-bladder  in 
general  structure. 

Tlu-  bile  and  jiancreatic  duils,  in  jjiercing  the  wall  of  the 
<lu()(U'niun,  run  oliJiquely  through  its  watfi  for  about  i  or  4'  of  an 
inch  (12  to  18  mm.),  and,  as  a  rule,  do  nut  unite  until  they  have 
almost  reached  the  opening  on  the  liile  papilla  (Fig.  719). 
This  orifice  is  very  nuicli  smaller  than  cither  duct,  and  the  short 
and  relatively  wide  conunon  cavity  which  ])rece(les  it  is  some- 
times known  as  the  "ani])ulla  of  Vater."  Occasionally  the 
cystic  and  hepatic  ducts  open  into  the  duodenum  separately.  Sometimes,  too,  the  cystic  duct 
joins  the  right  lie])atic  duct  instead  of  the  hepatic  duct  ])ro])er. 


Vessels  ob'  the  Liveh. 

'I'iie  liver  derives  its  blood  -  supply  from  two  sources,  namely  —  (1)  the  portal 
vein,  which  conveys  to  it,  for  further  elaboration,  the  blood  from  the  digestive  system, 
laden  with  the  products  of  digestion  ;  and  (2)  the  hepatic  artery,  whieli  supplies  it  with 
blood  for  the  nourishment  of  its  own  tissue.  All  tlie  blood  is  returned  from  tlie  liver  to 
the  inferior  vena  cava  by  the  hepatic  veins. 

The  portal  vein  and  the  hepatic  artery  jtass  uj)  to  the  liver  between  the  two  layers 
of  tlie  lesser  omentum  and  in  front  of  the  foramen  of  Winslow.  Here  they  are  accom- 
panied by  the  hepatic  duct,  which  lies  to  the  right,  whilst  tlie  artery  is  placed  to  the 
left,  and  the  portal  vein  behind  both.  In  this  order  they  enter  the  portal  fissure,  and 
there  becoming  re-arranged,  so  that  the  vein  lies  behind  the  artery  in  the  middle  and 
the  duct  in  front,  each  breaks  up  into  two  chief  branches — a  right  and  a  left — and  several 
smaller  ones,  which  enter  the  liver  substance,  surrounded  by  a  ]jrolongation  of  the  con- 
nective tissue  coat  of  the  liver,  known  as  Glisson's  capsule.  Within  the  organ  the  three 
vessels  run  and  divide  together,  so  that  every  branch  of  the  portal  vein  is  accompanied 
by  a  corresjtonding  (but  much  smaller) "branch  of  the  hepatic  artery  and  of  the  hepatic 
duct :  and  the  three,  surrounded  by  a  prolongation  of  Glisson's  cajjsule,  and  accompanied 
by  branches  of  the  hepatic  nerves  and  lymphatics,  run  in  S2)eeial  tunnels  of  the  liver 
substance,  which  are  known  as  portal  canals  (Fig.  720,  B). 

Finally,  the  portal  vein  breaks  up  into  interlobular  veins  (vena;  interlobulares)  which 
lie  in  the  spaces  between  the  liver  lobules  (Fig.  721).  The  branches  of  these  enter  the 
lobules  on  all  sides,  and  unite  with  their  capillary  network,  which  converges  towards 
the  centre  of  the  lobule,  and  joins  the  intralobular  or  central  vein  (vena  centralis). 

The  hepatic  artery  similarly  divides  into  interlobular  branches  (rami  arteriosi 
iiiterlobidares)  of  a  very  small  size,  which  accompany  the  interlobular  branches  of  the 
vein,  and  supply  the  tissue  and  the  vessels  between  the  lobules.  In  addition,  the  hepatic 
artery  gives  off  vaginal  branches  to  supply  the  walls  of  the  vessels  and  ducts,  and  the 
connective  tissue  in  the  portal  canals  ;  and  capsular  branches,  which  are  distributed  to 
the  fibrous  coat  of  the  liver. 

The  hepatic  veins  are  two  large  and  several  small  veins,  which  converge  from  the 
different  portions  of  the  liver  (Fig.  720,  A)  to  the  vena  cava.  Their  ultimate  radicles  are 
the  intralobular  or  central  veins,  which  run  down  thi'ough  the  centre  of  the  liver  lobides, 
and  ])assing  out  at  the  base,  join  the  sublobular  veins  :  these  by  their  imion  finally  form 
the  hepatic  veins.    The  two  chief  hepatic  veins,  which  are  of  very  large  size,  open  into 
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the  vena  cava,  as  it  leaves  the  liver,  and  immediately  before  it  jiierees  the  diaphragm. 
The  smaller  branches  open  into  it  lower  down.  The  branches  of  the  portal  differ  from 
those  of  the  hepatic  vein  in  the  following  points: — (1)  The  branches  of  the  portal  vein 
converge  towards  the  portal  fissure ;  those  of  the  hepatic  veins  towards  the  vena  cava. 

(2)  On  section  of  the  liver  the  portal  branches  are  always  seen  to  be  accompanied  by 
branches  of  the  hepatic  artery  and  duct,  whilst  those  of  the  hepatic  vein  run  alone  ;  and 

(3)  owing  to  the  loose  wrapping  of  connective  tissue  (Glisson's  capsule)  which  surrounds 
the  branches  of  the  portal  vein,  their  walls  fall  away  from  the  liver  substance  when 
empty,  and  collapse,  whilst  the  hepatic  veins,  which  are  destitute  of  this  wrapping,  are 
closely  connected  to  the  liver  substance,  and  consequently  do  not  collapse  so  easily  as  the 
portal  vessels. 

The  lymphatics  of  the  liver  are  arranged  in  a  superficial  and  a  deep  set : — 1.  The  superficial 
set  lies  Ijeneatli  the  jjeritoneuni  on  both  («)  the  vi.sceral  and  (/>)  the  pari{?tal  surfaces  of  the  organ. 

(a)  The  vessels  from  tlie  visceral  surface  pass  chiefly  to  the  hejjatic  glands,  which  lie  between  the 
layers  of  the  lesser  onientmn  ;  l)ut  some  of  them,  from  the  back  part  of  this  surface  on  the  right 
lobe,  join  the  lumbar  glands,  and  others  from  the  back  jjart  of  the  left  lobe,  go  to  the  cceliac  glands. 

(b)  The  vessels  from  the  p^metal  surface  pass  in  various  directions.  Those  from  the  adjacent 
parts  of  the  right  and  left  lobes  pass  up.  in  the  I'alciform  ligament,  and  pierce  the  dia]:)liragm  to 
reach  the  anterior  mediastinal  glands,  and  end  finally  in  the  riglit  lymphatic  duct.  Those  from 
the  anterior  part  of  this  surface  pass  down  to  the  inferior  aspect,  and  join  the  hepatic  glands 
in  the  lesser  omentum.  The  lymphatics  from  the  back  of  the  right  lobe  pierce  the  diaphragm 
between  the  layers  of  the  coronary  ligament,  and  join  some  glands  in  the  thorax  around  the  upper 
end  of  the  infe}-i<>r  cava  ;  others  run  in  the  right  lateral  ligament,  and  either  pierce  the  dia- 
]ihragm  and  end  in  the  anterior  mediastinal  glands,  or,  turning  down,  join  the  coeliac  grouji. 

2.  The  deep  lymphatics  accompany  either  («)  the  portal  or  {h)  the  hei)atic  veins,  (a)  The 
former  set  ^^ass  out  through  the  portal  fissure  and  join  the  hepatic  glands,  the  efferent  vessels  of 
which  join  the  coeliac  glands,  {h)  Those  which  accompany  the  hepatic  vejns  pierce  the  diaphragm 
with  the  vena  cava,  and  hav  ing  formed  connexions  with  the  grou])  of  glands  at  its  upper  end, 
N\'itliin  the  thorax,  turn  down  and  join  the  beginning  of  the  thoracic  duct. 

The  nerves,  which  are  chiefly  of  the  non-meclullated  variety,  are  deri^'ed  from  the '  left 
jjueumogastiic  and  the  solar  plexus  of  the  syni2)athetic.  The  branches  of  the  former  pass  from 
the  front  of  the  stomach  up  Ix-tween  the  layers  of  the  lesser  omentum  to  the  liver.  Those  of 
the  latter  jjass  from  the  coeliac  plexus  along  the  hepatic  artery — forming  the  hej)atic  plexus — to 
the  portal  fi.ssure,  where  they  enter  the  liver  with  the  blood-vessels.  They  are  distributed  chiefly 
to  the  walls  of  the  vessels  and  of  the  bile-ducts. 

Structure  of  the  Liver. 

The  liver  is  invested  by  an  outer  serous  coat  (tunica  serosa),  already  described  in 
connexion  with  the  peritoneum.  Within  this  is  a  thin  areolar  coat  (capsula  fibrosa 
Glissonii)  of  delicate  fibrous  tissue,  which  is  most  evident  where  the  serous  coat  is  absent. 
In  the  neighbourhood  of  the  portal  fissure  it  is  particularly  abundant,  and  hex'e,  under 
the  name  of  Glisson's  capsule,  it  surrounds  the  vessels  entering  the  fissure,  and  accom- 
panies them  through  the  portal  canals  in  the  liver  substance.  This  coat  is  continuous 
with  the  fine  areolar  tissue  which  pervades  the  liver,  surrounding  its  lobules  and  holding 
them  together. 

The  liver  substance  proper  is  made  up  of  an  enormous  number  of  small  lobules,  y^rth 
to  ^\th  inch  (1  to  2  mm.)  in  diameter,  closely  jmcked,  and  held  together  by  a  small 
amount  of  connective  tissue.  In  man  the  lobules  are  not  completely  separated  from  one 
another  all  round  their  circumference,  but  coalesce  in  places  ;  the  reverse  is  the  case  in 
certain  animals.  These  lobules  are  arranged  around  the  branches  of  the  hepatic  veins, 
to  form  the  compact  mass  of  the  liver,  in  the  following  manner : — 

The  hepatic  veins  radiate  from  the  inferior  vena  cava,  at  the  back  of  the  liver,  to  all 
parts  of  the  organ,  dividing  and  re-dividing  until  the  vessels  are  reduced  to  branches  of  a 
very  small  size,  known  as  sublobular  veins — the  whole  arrangement  may  be  aptly  com- 
pared so  far  to  the  branching  of  a  tree  (Fig.  720,  A).  On  all  sides  there  open  into  these 
sublobular  veins  numerous  closely -crowded  vessels  —  the  intralobular  or  central  veins 
(which,  following  our  simile,  may  be  compared  to  an  enormous  number  of  thorns  grow- 
ing out  on  all  sides  from  the  sublobular  twigs  of  the  tree).  On  each  of  these  little 
central  veins  there  is  impaled,  as  it  were,  a  lobule  (which  is  more  or  less  like  a  conical 
bullet  in  shape — Purser).  These  little  conical  lobules,  with  their  intralobular  or  central 
veins  running  through  them,  are  so  numerous  and  so  closely  packed  together,  that  they 
give  rise  to  the  practically  solid  liver  tissue. 

As  regards  the  veins  :  The  lobules  are  surrounded  by  the  interlobular  liranches  of 
the  portal  vein,  from  which  numerous  twigs  enter  the  lobule  on  all  sides,  and  converging. 
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Veil, 


join  the  ccntrul  or  intruloluiliir  vein  (Fig.  721).  'Iliis  vnn«  down  tlu-ough  tlie  centre 
of  the  lolxile  (Fig.  720,  A),  and  openis  at  it«  base  into  a  snblobuhir  vein.    The  snblobnlar 

veins,  uniting  and  growing  larger  by 
constant  additions,  finally  form  the 
liepatic  veins,  wliicii  open  into  the  vena 
cava. 

Hepatic  Cells.  —  In  the  intervals  be- 
tween the  branches  of  the  capillaries, 
lunning  from  the  interlobular  to  the 
intralobular  veins  (Fig.  721),  ai-e  placed 
tlie  polygonal-shaped,  epithelial,  hepatic 
cells.  Between  the  cells  run  the  bile 
canaliculi  (ductus  Ijiliferi)  which,  passing- 
out  of  tiic  lobule  (Fig.  721),  join  the 
interlobular  bile  -  ducts  (ductus  inter- 
lobulai'es),  and  these  miiting,  finally  end 
in  the  hepatic  ducts. 

Development  of  the  Liver. 

In  man,  the  liver  first  appears  as  two 
hollow  outgrowths  from  the  ventral  wall 
of  the  foregut,  in  the  position  of  the 
future  duodenum.  These  outgrowths, 
which  are  formed  entirely  of  entoderm 
(hypoblast),  pass  forward  and  upward 
into  a  mass  of  mestxloraiic  tissue — called 
by  His  the  septum  transversum — which 

branches  of  the  hepatic  vein  ;  B,  Section  df  a  portal  lies  in  front  of  the  foregut  just  below 
canal  showing  its  contained  branches  of  the  portal   ^ij^  j^^  addition  to  constituting 


Bile-iluct 
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20. — Dl.\l;liAJlS  U.LUISTRATIN(;  THE  Sl  li  IICTUliK 

OF  Liver. 

Arrangement  of  liver  lobules  around  the  suldobuhir 


vein,  hepatic  artery,  and  bile-duct,  surrounded  V)y  a 
prolongation  of  Glisson's  capsule. 


the  mesodermic  bed  in  which  the  liver  is 
developed,  tliis  mass  also  forms  the  chief 
rudiment  of  the  future  diaphragm  ;  tln-ougii  it,  too,  pass  tiie  great  foetal  veins  on  their 
way  to  the  heart. 

The  two  outgrowths  give  oft'  numerous  solid  buds  of  endodermic  cells — known  as 
liepatic  cylinders  —  which  grow  into  the  tissue  of  the  septum  transversum,  and  there 

Interlobular 
7  veins  ' 
and  duct 


Ct'iitral  vein 


Ve.iTls 


Bile  ducts 


Fio.  72L — Dl.\GEAM  illustrating  the  arrangement  of  the  blood-vessels  (on  left),  and  of  the  hepatic  cells  and 
bile-ducts  (on  right)  within  a  lobule  of  the  liver.  The  first  diagram  shows  the  interlobular  veins 
running  around  the  o\itside  of  the  lobule,  and  sending  their  capillaries  into  tlie  lobule  to  join  the  central 
vein.  In  the  second  diagram  the  bile  capillaries  are  seen,  with  the  hepatic  cells  between  them, 
radiating  to  the  periphery  of  the  lobule,  where  they  join  the  interlobular  bile-ducts. 

branch  and  anastomose  freely  with  one  another,  forming  a  complicated  network,  the 
meshes  of  whicii  are  occupied  by  blood-vessels.  From  the  sides  of  these  primarj^  hepatic 
cylinders  come  off  secondar}'  cell  buds,  which  similarly  branch  and  anastomose ;  and  this 
process  is  continued  until  the  mass  of  the  liver  is  formed. 
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The  two  original ,  outgrowths  wiiicii  open  into  the  foregut  close  together,  are  soon 
succeeded  by  an  evagination  of  the  wall  of  the  duodeuiuii,  which  embraces  the  orifices  of 
both,  and  subsequently  forms  the  common  bile  duct ;  whilst  the  two  primary  diverticula, 
which  are  now  connected  with  the  evagination,  form  the  right  and  left  hepatic  ducts. 

The  interlobular  bile  ducts  and  the  bile  capillaries  are  formed  by  a  canalisation  of 
the  primitive  hepatic  cylinders  which  have  been  budded  off  from  the  original  diverticula. 
And  the  gall-bladder  is  formed  as  an  outgrowth  from  the  common  bile  duct. 

As  the  liver  increases  in  size,  it  begins  to  project  down  from  the  septum  trans- 
versum  into  the  abdominal  cavity,  so  that  now,  instead  of  being  situated  within  the 
septum,    it   looks  like 
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an  appendage  of  its 
under  surface.  In  other 
words,  the  septum  be- 
gins to  differentiate  into 
two  parts — a  lower,  the 
liver,  and  an  upper, 
which  constitutes  .the 
greater  portion  of  the 
diaphragm,  both  of  these 
having  been  at  first  one 
continuous  mass.  In  the 
course  of  development 
the  separation  of  the 
two  becomes  more 
marked,  and  finally  is 
complete  everywhere  ex- 
cept at  the  coronary  and 
lateral  ligaments  behind, 
and  at  the  falciform  liga- 
ment in  front,  where  they 
are  still  connected. 

As  the  liver  separates 
off  from  the  future  dia- 
phragm, and  descends 
into  the  abdomen,  there 

descends  with  it  the  ventral  mesentery  —  a  fold  which  connects  the  stomach  and 
duodenum  with  the  anterior  abdominal  wall.  This  is  divided  by  the  liver  into  two  parts 
— a  posterior,  stretching  from  the  front  (lesser  curvature)  of  the  stomach  to  the 
liver,  which  becomes  the  lesser  omentum  ;  and  an  anterior,  stretching  from  the  liver 
to  the  anterior  wall  of  the  abdomen,  which  forms  the  falciform  ligament. 

In  early  foetal  life  the  liver  is  relatively  of  enormous  size.  Up  to  the  fourth  or  fifth 
month  it  almost  completely  fills  the  abdominal  cavity,  leaving  but  a  small  space  below 
for  the  intestines.  Subsequently  its  relative  size  is  not  so  great ;  but  evefl  at  birth  it 
still  occupies  nearly  half  of  the  abdomen,  and  forms  about  yV*^h  of  the  body  weight,  whilst 
in  the  adult  it  is  reduced  to  ^V^^^^-  ^I'st  the  right  and  left  lobes  are  nearly  equal  in 

size  ;  subsequently,  the  right  grows  more  rapidly  than  the  left,  so  that  at  birth  it  is  about 
twice,  and  in  the  adult  four  times,  as  large  as  the  left.  In  the  fa;tus,  and  at  l)irth,  the 
caudate  and  Spigelian  lobes  are  relatively  larger  than  in  the  adult. 

The  changes  which  take  place  during  development  in  the  vessels  connected  with 
the  liver  are  described  on  page  884. 


Fig. 


722. — Two  Diagrams  to  illustrate  the  Devblopment  of  the 
Intestinal  Canal. 


The  figure  to  the  riglit  shows  the  rotation  of  the  intestinal  loop  round  the 
superior  mesenteric  artery.  In  both  figures  the  parts  are  supposed  to  be 
viewed  from  the  left  side. 


THE  PANCREAS. 

Tlie  pancreas  is  au  elongated  glandular  mass  which  lies  transversely  on  the 
posterior  alxlominal  wall,  with  its  right  end  resting  in  the  concavity  of  the 
duodenum  (Fig.  723),  and  its  left  end  touching  the  spleen.  It  secretes  a 
digestive  Huid — the  pancreatic  juice — which  is  conveyed  to  tlie  duodenum  by 
the  pancreatic  duct,  and  constitutes  one  of  the  chief  agents  in  proteid  digestion. 

The  absence  of  a  true  capsule,  and  the  resulting  distinct  lobulation  of  the  gland, 
give  the  ])ancreas  a  very  characteristic  appearance  (Fig.  723). 

Position. — The  greater  part  of  the  gland  lies  in  the  epigastrium,  hut  the  tail 
and  adjacent  part  of  the  body  extend  into  the  left  hypochondrium. 
'68 
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The  head  is  jjhacetl  oj3])Osite  the  second  and  upper  ])ai't  of  the  third  lumbar  vertebivi,  wliilst 
the  body  runs  to  the  left,  about  the  level  of  the  first  lumliar  verteljra.  It  should  be  added,  that 
very  often  the  lower  jwrtion  of  tlie  liead  projects  some  distance  below  tlie  subcostal  plaiu',  and 
thus  lies  in  the  umbilical  region. 

Ill  shape  the  pancreas,  when  hardened  in  situ,  is  very  irregnlar  (Eig.  723), 
its  right  end  lieing  flattened  and  hook-like,  wlrilst  the  rest  of  the  organ  is  pris- 
matic and  three-sided.  It  may,  perhaps,  in  general  form  be  best  compared  to 
tlie  letter  J  i)laced  thus  c~,  particularly  if  the  stem  and  hook  of  the  letter  be 
thickened. 

The  gland  is  divisi))le  into  a  head,  a  neck,  and  a  body.  Tlie  head  corresponds 
to  the  hook  of  the  c~,  and  runs  downwards  and  to  the  left  along  the  second 
and  third  portions  of  the  duodenum.  The  stein  of  the  c  represents  the  body 
of  the  glaiul,  and  the  narrow  part  connecting  the  two  is  the  neck. 

When  removed  from  the  body  without  previous  hardening,  tlie  pancreas  loses 
its  true  form,  and  becomes  drawn  out  into  a  slender,  elongated,  tongue-shaped 
mass,  with  a  wider  end  turned  towards  the  duodenum,  and  a  narrow  end  corre- 
sponding to  the  tail. 

Its  total  hiiKjtli,  when  fi.xed  in  situ,  is  al)out  5  or  6  inches  (12-.5  to  15  cm.) ;  after  removal,  if 
not  previously  hardened,  it  is  easily  extended  to  a  length  of  8  inches  (20  cm.). 
Its  weight  is  usually  about  3  ounces  (87  grammes). 

Relations. — The  general  position  and  relations  of  the  pancreas  may  be  Ijriefly 
expressed  as  follows : — The  head  (Fig.  723)  lies  in  the  concavity  of  the  duodenum, 
with  the  vena  cava  and  aorta  liehind  it ;  the  body  crosses  the  left  kidney  and 
suprarenal  capsule ;  and  the  tail  touches  the  lower  part  of  the  spleen.  The 
greater  part  of  the  organ  lies  behind  the  stomach,  which  must  be  detached 
from  the  great  omentum,  and  turned  upwards,  in  order  to  expose  it. 

In  describing  the  detailed  relations,  each  part  of  the  organ  will  require  to 
be  considered  separately. 

The  head  (caput  pancreatis)  is  the  large  flattened  and  somewhat  disc-shaped  portion 
of  the  gland  which  lies  in  the  concavity  of  the  duodenum,  extending  along  its  second 
and  third  portions  almost  as  far  as  the  duodeno-jejunal  flexure.  Above,  in  its  right  half, 
it  is  continuous  with  the  neck  ;  whilst  to  the  left  of  this  it  is  separated  from  the  neck  by 
a  deep  notch  (incisura  pancreatis),  in  which  lie  the  superior  mesenteric  vessels  (Fig.  723). 
Its  ri;/ht  and  /owe?-  borders  are  moulded  on  to  tlie  side  of  the  duodenum,  which  lies  in  a 
groove  of  the  gland  substance  —  the  common  bile  duct  being  interposed  as  fai  down 
as  the  middle  of  the  second  portion  of  the  duodenum.  The  posterior  surface  of  the 
head  is  apjilied  to  the  front  of  the  inferior  vena  cava ;  it  also  lies  on  the  renal  vessels, 
and,  at  its  left  end,  on  the  aorta  as  well.  Its  anterior  surface  is  in  contact  above  and 
on  the  right  with  the  beginning  of  the  transverse  colon  (Fig.  724),  without  the  inter- 
position of  the  peritoneum  as  a  rule.  Below  this  it  is  clothed  by  peritoneum,  and  is 
covered  by  the  small  intestine. 

The  superior  mesenteric  vessels,  after  passing  forward  through  the  pancreatic  notch, 
descend  in  front  of  tiiat  portion  of  the  liead  (processus  uncinatus)  which  runs  to  the  left 
along  the  third  part  of  the  duodenum.  The  superior  pancreatico-duodenal  vessels  run 
downwards,  and  break  up  on  the  front  of  the  head  (Fig.  723). 

The  neck  (Fig.  723)  is  a  comparatively  attenuated  portion  of  the  gland  which  lies 
in  front  of  the  portal  vein,  and  connects  the  liead  to  the  body.  Springing  from  the  upper 
and  right  portion  of  the  head,  it  runs  upwards  and  to  the  left  for  about  1  inch  (25  mm.), 
and  then  passes  into  the  body. 

The  neck  is  about  |  inch  (18  mm.)  in  width,  and  less  than  \  inch  (12'5  mm.)  in  thickness.  In 
front  and  to  its  right  lie  the  first  ]iart  of  the  duodenum  and  the  pylorus  ;  behind  and  to  the  left  it 
rests  upon  the  beginning  of  the  jiortal  vein,  which  is  formed  under  cover  of  its  lower  border,  by  the 
union  of  the  splenic  and  superior  mesenteric  veins.  It  has  a  partial  covering  of  peritoneum  on  its 
anterior  surface  ;  and  its  beginning  is  generally  marked  off  from  the  head  by  the  gastro-duodenal 
artery,  with  its  continuation  the  sujjerior  pancreatico-duodenal,  which  lies  in  a  groove  of  the 
gland  substance  between  the  head  and  neck. 

The  neck,  which  was  first  described  by  Synungton,  forms  as  distinct  and  definite  a  division 
as  any  other  portion  of  the  gland. 

The  body  is  of  a  prismatic  form,  largest  where  it  lies  in  front  of  the  left  kidney, 
and  usually  somewhat  tapering  towards  the  tail  (Fig.  724).    Beginning  at  the  terniina- 
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tioii  of  tlie  neck,  it  runs  backwards  and  to  the  left  across  the  front  of  the  left  kidney, 
beyond  which  its  extremity  or  tail  comes  in  contact  with  the  spleen.  When  hardened  in 
situ  it  presents  three  surfaces  —  superior,  inferior,  and  posterior  —  all  of  which  are 
of  nearly  equal  width  (namely,  about  \\  inch  :  31  mm.). 

The  upper  surface  (facies  anterior)  is  widest  towards  the  left  end  ;  it  looks  upwards 
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Fig.  723. — The  Visceua  and  Vessels  on  the  Posteriok  Abdominal  Wall. 

The  stomach,  liver,  and  most  of  the  intestines  have  been  removed.  Tlie  peritoneum  has  been  preserved  on  the 
right  Icidney,  and  the  fossa  for  the  Spigelian  lobe.  In  taking  out  the  liver,  the  veiia  cava  was  left 
behind.    The  stomach-bed  is  well  shown.    (From  a  body  hardened  by  chromic-acid  injections.) 

and  forwards  (Fig.  723),  and  forms  a  considerable  portion  of  the  ?itomach-bed.  This 
surface  is  completely  covered  by  peritoneum,  derived  from  the  posterior  wall  of  the  small 
sac,  which  latter  separates  the  pancreas  from  the  under  surface  of  the  stomach.  Towards 
its  right  extremity'  it  presents  an  elevation  (jr  prominence  where  the  body  joins  the  neck. 
Tliis  projects  against  the  back  ^of  the  sniall  (nnentuni  when  the  stomach  is  distended, 
and  is  consequently  known  as  the  omental  tuberosity  (tuber  omentale). 
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The  inferior  surface  of  the  body,  which,  like  tlie  superior,  is,  as  a  rule,  widest  towards 
its  left  end,  looks  downwards  and  sliglitly  forwards.  It  is  completely  covei'ed  by 
peritoneum,  viz.  the  descending  layer,  derived  from  the  transverse  mesocolon  (Fig.  724). 
Jt  lies  in  contact  with  the  duodeno-jejunal  fle.\urc  towards  its  right  end,  with  the  splenic 
flexure  of  the  colon  near  its  left  end,  and  with  a  mass  of  small  intestine  (jejunum,  which 
is  always  found  ])acked  in  beneath  it)  in  the  rest  of  its  extent. 

The  posterior  surface  of  the  body  looks  directly  backwards,  and  is  entirely  destitute 
of  peritoneuu].  It  is  connected  by  areolar  tissue  to  the  posterior  abdominal  wall  with 
the  organs  lying  upon  it.  Fi'om  right  to  left  these  are  :  the  aorta  with  the  origin  of  the 
superior  mesenteric  artery,  the  left  renal  vessels,  the  left  suprarenal  capsule,  and  the  left 
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Fig.  724. — Thk  Pkiutone.vl  Rel.\tions  of  the  DuoDENnii,  Paxckeas,  Spleen,  Kidxets,  etc. 

kidney.  In  addition,  the  splenic  artery  riuis  its  tortuous  course  to  the  left  behind  the 
upper  border  of  the  j^ancreas,  whilst  the  splenic  vein  runs,  behind  the  gland,  at  a  lower 
level  than  the  artery. 

The  three  surfaces  of  tlie  body  of  the  pancreas  are  separated  by  three  borders.  The 
anterior  border  is  the  most  prominent,  and  gives  attachment  to  the  transverse  mesocolon 
(Fig.  724).  It  is,  as  it  were,  S(]ueezed  forward,  by  the  pressure  of  the  stomach  above  and 
the  small  intestine  below,  into  the  interval  between  these  two  sets  of  viscera,  thus  follow- 
ing the  line  of  least  resistance  (Cunningham).  Towards  the  neck  this  border  is  no 
longer  proniincnt,  but  becomes  rounded  ott',  so  that  here  the  upper  ;uid  lower  surfaces  are 
confluent. 

The  ceeliac  axis  projects  over  the  upper  border,  and  sends  its  hepatic  branch  to  the 
right,  resting  upon  it,  wdiilst  the  splenic  artery  runs  to  the  left  boliiud  it  (Fig.  72."').  The 
inferior  border  calls  for  no  special  description. 

The  tail  of  the  pancreas  is  the  somewhat  pointed  left -end  of  the  body,  which  is  in 
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contact  with  tlic  lower  portion  of  the  gastric  surface  of  tlie  sjjleeii.  It  usually  presents  an 
abrupt,  blunt  ending,  in  whicli  case  it  is  related  to  the  spleen  in  the  manner  just  described  ; 
or  it  may  be  elongated  and  narrow,  when  it  bends  backwards  around  the  outer  aspect  of 
the  kidney,  and  beneath  the  base  of  the  spleen.  In  citlicr  case  it  lies  in  contact  below 
with  tiie  splenic  flexure  of  the  colon  (Fig.  723). 

Peritoneal  Relations  of  the  Pancreas. — The  posterior  surface  of  the  pancreas 
is  entirely  free  from  peritoneum.  The  other  surfaces  derive  their  peritoneal  covering 
from  the  prolongation  of  the  two  layers  of  the  transverse  mesocolon,  which  latter  is 
attached  to  the  anterior  border  of  the  gland,  from  the  tail  to  the  neck.  At  this  l  iorder 
the  two  layers  separate  (Fig.  707,  p.  10-48),  the  anterior — derived  from  the  small  sac 
— passing  backwards  and  upwards  over  the  superior  surface  ;  the  posterior — derived 
from  the  large  sac — turning  downwards  and  backwards  along  the  inferior  surface. 

As  tlie  transverse  mesocolon  is  followed  to  the  right  it  ceases,  as  a  rule,  that  is,  its  two  layers 
fail  to  meet  about  the  neck  ni'  llie  ]iancreas  (Fig.  724).  Beyond  this  the  jiosterior  surface  of 
the  colon  is  generally  live  IVmii  pcritnuriiui,  and  is  connected  hj  areolar  tissue  In  tlie  front  of  the 
head  of  the  gland.  Below  tlie  ]e\-el  of  the  colon  the  liead  is  covered  by  tlie  continuation  down- 
wards of  the  peritoneum  froiu  tlie  under  surface  of  that  .gut.  Often,  however,  the  transverse 
raesocoltai  is  continued  to  the  riglit  as  far  as  the  liepatic  flexure,  wlien  the  anterior  surface  of 
the  head  is  then  completely  c<)\  ered  by  peritoneum. 

Ducts  of  the  Pancreas. — Almost  invariably  two  ducts  are  found  in  the  interior 
of  the  pancreas — the  pancreatic  duct  proper  and  the  accessory  pancreatic  duct. 

The  pancreatic  duct  (ductus  pancreaticus  Wirsungi)  begins  near  the  tip  of  the 
tail  l;)y  the  union  of  small  ducts  from  the  lolniles  forming  that  part  of  the  organ. 
From  this  it  pursues  a  rather  sinuous  or  zigzag  course  (Fig.  7-5)  through  the  axis 
of  the  gland,  at  first  running  transversely  to  the  right,  until  the  neck  is 
reached,   then  l)endinu- 
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Fig. 


i'>. — The  Pakc'heas  and  Duodenum  from  behind,  witli  the 
jiancreatic  duct  exposed. 

The  superior  mesenteric  vessels  are  iilso  shown  in  section,  passing  forward, 
snrronnded  by  the  recurved  portion  of  the  liead  of  the  pancreas. 


downwards  towards  the 
head.  Here  it  approaches 
the  second  portion  of  the 
duodenum,  ami  meeting 
the  bile  duct,  the  two 
pierce  the  inner  wall  of 
the  gut  oldicpiely  (for 
J  to  I  of  an  inch,  12  to 
18  mm.),  and  open,  by  a 
common  orifice  on  the 
bile  papilla,  al)out  oh  or 
4  inches  (8-7  to  10  cm.) 
beyond  the  pvlorus  (see 
p.  1070). 

In  its  course  through 
the  gland  the  duct 
receives  numerous 
branches,  which  join  it,  as  a  rule,  at  very  open  angles.  These,  as  well  as  the  main 
duct  itself,  are  easily  recognised  l)y  the  whiteness  of  their  walls,  as  contrasted  with 
the  darker  colour  of  the  gland  tissue.  The  main  duct  receives  branches  from  all 
portions  of  the  pancreas,  and  towards  its  termination  has  attained  a  considerable 
size  (namely,  -^\th  to  ^th  of  an  inch — 2'5  to  4  mm. — when  fattened  out,  or  some- 
what larger  than  a  crow  (i[iiill). 

The  accessory  pancreatic  duct  (ductus  pancreaticus  accessorius,  Sautorini)  is  a  small 
and  varialily-devcidpcd  duct  (Fig.  725)  which  opens  into  the  duodenum  about  |  of  an 
inch  above  and  somewhat  in  front  of  {t.e.  ventral  to)  the  pancreatic  duct.  From  the 
duodenum  it  runs  to  the  left  and  downwards,  anil  soon  divides  into  tws  or  more  branches, 
one  of  which  joins  the  pancreatic  duct,  the  others  pass  down  and  receive  the  ducts  from 
the  lower  part  of  the  head.  It  is  generally  supposed  that  the  current  flows  from  this  into 
the  main  duct,  and  not  into  the  duodenum,  as  a  rule,  except  in  early  life. 

Physical  Characters  and  Structure  of  the  Pancreas. — The  pancreas  is  of  a 
reddish  cream  colour,  soft  to  the  touch,  and  distinctly  lobulated.  The  lolmles 
are  but  loosely  held  together  by  their  small  ducts  and  by  loose  areolar  tissue; 
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for,  as  already  poiutod  out,  Liu;  ])aucreas  is  devoid  of  a,  regular  capsule;,  and 
possesses  instead  merely  an  adventitious  coat  of  tine  connective  tissue. 

The  gland  ))elongs  to  tlie  class  of  aciuo-tubular  glands,  its  alveoli  or  acini  ))eing 
elongated  like  those  of  Brunner's  glands;  otlierwise  it  corresponds  very  closely  to 
a  serous  salivary  gland,  tin;  general  structure  of  which  will  l)e  found  on  page  958. 

Variations. — The  chief  \  ai'iat,ions  found  are  : — (1)  A  separation  of  the  i)art  of  the  head, 
known  as  tlie  inicinate  process,  wliicli  then  forms  a  lesser  jnmcre.as.  (2)  A  growth  of  the  pancreas 
around  the  duodenum,  wliicli  it  niav  ])ractically  encircle  for  a  short  ])art  of  its  course.  And  (3) 
an  ojjening  of  its  (hict  into  the  tluodeuum,  independently  of  the  l)ile  duct.  An  accessory  'pancreas 
(pancreas  accessoriuiii)  is  also  .sonietinies  found  in  the  wall  of  the  stomach  or  of  the  jejunum. 
Diverticula  of  the  duodeninn,  already  descrilied  ())age  1020),  ought  perhaps  to  be  mentioned  in 
this  connection. 

Vessels. — The  arteries  of  the  pancreas  are  : — (1)  The  superior  pancreatico-duodenal,  a  hrauch 
of  the  gastro-duodenal  artery,  which  runs  down  on  the  front  of  the  head  (Fig.  723),  sending 
branches  outwards  to  the  duodenum,  as  well  as  numerous  twigs  into  the  substance  of  the 
pancreas.  (2)  The  inferior  pancreatico-duodenal,  a  branch  of  the  upper  jjart  of  the  superior 
mesenteric  artery ;  it  runs  U])wards  and  to  the  right  across  the  back  of  the  head,  and 
sends  branches  to  it  and  to  the  duodenum,  one  of  which  runs  between  the  head  ancl  the 
duodenum.  These  two  pancreatico-duodenal  arteries  anastomose  around  the  inferior  border  of  the 
head.  (3)  The  inferior  pancreatic  branch  of  the  superior  mesenteric  (or  sonietinies  of  the  gastro- 
duodenal)  artery,  a  considerablt-  branch,  which  arises  along  with,  or  near,  the  last,  and  runs  to  the 
left  along  the  lower  border  of  the  jmncreas,  often  even  as  far  as  its  tail.  (4)  Pancreatic  branches 
of  the  splenic  artery,  are  several  (3  to  5)  fair-sized  ))ranches  M-hich  come  off  from  the  splenic 
as  it  runs  behind  the  up2)er  Ijorder  of  the  gland  ;  they  enter  the  pancreas  immediately,  and 
traverse  its  substance  from  above  downwards,  .soane  sending  branches  in  both  directions  along 
the  course  of  the  jjancreatic  duct.  (5)  Small  pancreatic  branches  also  arise  from  the  hepatic 
artery  whilst  it  rests  on  the  upper  part  of  the  gland,  and  enter  it  inuuediately.  The  pan- 
creatica  magna,  which  is  described  as  accom])anying  the  duct  from  left  to  right,  does  not  seem 
to  exist  in  the  majority  of  cases. 

The  veins  are  :  (1)  An  anterior  pancreatico-duodenal  (Fig.  723),  which  passes  downwards  and 
to  the  left,  on  the  front  of  the  head,  and  joins  the  siijjerior  mesenteric  ;  (2)  a  ]}osterior  pancreatico- 
duodenal, which  crosses  the  back  of  the  head,  and  ojjens  into  the  portal  vein ;  (3)  several  small 
pancreatic  veins  which  join  the  splenic ;  and  (4)  some  from  the  upjier  part  of  the  head  and 
neck  join  the  portal,  which  latter  vein  ixltimately  receives  all  the  blood  returned  from  the 
gland. 

The  lymphatics  pass  chielly  with  the  s])lenic  lymphatics  to  the  coeliac  glands ;  some  also  are 
connected  with  a  few  glands  which  lie  near  the  ui)i)er  end  of  the  su])erior  mesenteric  vessels.  All 
the  lymphatics  of  the  organ  pass  ultimately  to  the  coeliac  glands. 

Tiie  nerves,  which  are  almost  entirely  nou-meduUated,  come  from  the  solar  plexus,  through 
the  cceliac,  splenic,  and  superior  mesenteric  ])lexuses. 

Development  of  the  Pancreas. 

The  pai)creas  is  developed  at  a  very  early  period  in  man  (being  visible  in  embi'yos  of 
8  mm.)  from  at  least  two  independent  hollow  outgrowths,  one  of  which  takes  place  from  the 
ventral  aspect  of  the  future  duodenum  in  connection  with  the  diverticula  which  form  the 
liver ;  the  other  from  the  dorsal  side  of  the  tube.  From  tiiis  latter,  which  springs  from  the 
duodenum  neai-er  to  the  pylorus  than  the  ventral  outgrowth,  the  greater  part  of  the  gland 
is  formed,  whilst  the  ventral  diverticulum  gives  rise  to  tlie  smaller  portion.  About  the 
sixth  week  the  two  outgrowths  meet,  and  they,  as  well  as  their  ducts,  fuse.  At  first  the 
main  duct  of  the  gland  is  connected  with  the  dorsal  outgrowth  ;  later  on,  the  portion  of 
this  duct  between  the  duodenum  and  the  meeting  of  the  two  ducts  lags  behind  in  its 
growth,  whilst  the  corresponding  portion  of  the  ventral  duct  increases  rajiidly  in  size ;  and 
finally,  this  latter  appears  to  be  the  direct  continuation  of  the  main  duct,  whilst  the 
former,  and  now  much  smaller,  dorsal  duct,  becomes  the  accessory  pancreatic  duct.  The 
two  ducts  come  to  open  on  the  inner  or  left  side  of  the  gut,  owing  to  the  turning  over  of 
the  duodenum  on  its  right  side,  and  the  unequal  growth  of  different  portions  of  its  wall. 

The  primary  diverticula  give  off  hollow  lateral  buds,  which  in  their  turn  give  off 
others,  and  this  process  is  continued  until  the  mass  of  the  gland  is  formed.  The  terminal 
buds  thus  produced  develop  into  the  gland  acini,  whilst  the  others  form  the  gland  ducts. 

When  first  formed  in  the  embryo,  the  pancreas  runs  ujjwards  towards  the  head,  behind 
the  stimiach  and  between  the  two  layers  of  the  mesogastrium,  so  that  it  possesses  a 
complete  peritoneal  covering.  Subsequently,  as  a  result  of  the  changes  which  take  jjlace 
in  the  position  of  the  stomach,  it  turns  over  on  to  its  right  side,  and  becomes  adherent  to 
the  posterior  abdominal  wall,  its  head  occupying  the  concavity  of  the  duodenum,  and  its 
tail  passing  towards  the  spleen.  The  peritoneum  of  its  posterior  siirface  is  soon  lost  by 
absorption  ;  ljut  it  persists  on  its  anterior  aspect. 
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By  A.  Fkancis  Dixon. 
THE  URINARY  ORGANS. 

The  kidneys,  or  glands  which  secrete  the  urine,  are  a  pair  of  almost  symmetric- 
ally-placed organs,  situated  in  the  posterior  part  of  the  abdominal  cavity,  on 
either  side  of  the  vertebral  column  and  opposite  its  lowest  movable  portion.  The 
fluid  secreted  by  the  kidneys  is  received  into  the  upper  expanded  portions  of  two 
long  tubes — the  ureters — and  is  by  them  conducted  to  the  bladder,  which  is  placed 
within  the  pelvic  cavity.  From  the  bladder  the  urine  is  passed,  during  micturi- 
tion, along  the  urethra  to  the  exterior.  In  the  male  the  urethra  is  a  relatively 
long  passage,  and  traverses  the  prostate  gland  and  the  whole  length  of  the  penis  ;  in 
the  female  it  is  a  short  tube,  and  opens  on  the  surface  just  altove  tlie  vaginal 
orifice. 

THE  KIDNEYS. 

The  kidneys,  when  removed  from  a  fresh  subject,  present  a  bean-shaped  contour. 
They  are  of  a  dark  brown-red  colour,  and  each  is  surrounded  by  a  thin  glistening 
capsule  (tunica  fibrosa),  which  gives  to  the  whole  organ  a  uniformly  smooth  sur- 
face. The  kidney  is  not  a  solid  body,  but  contains  a  cavity  called  the  renal  sinus, 
the  opening  into  which  is  termed  the  hilus  (hilus  renalis).  The  hilus  is 
situated  on  the  inner  and  anterior  part  of  the  kidney.  Each  kidney  measures 
about  4:h  inches  in  length,  2  inches  in  width,  and  about  1|  inch  in  thickness, 
and  is  placed  so  that  its  long  axis  is  nearly  vertical.  The  weight  of  the 
adiilt  kidney  is  about  4|  ounces.  In  the  freshly-removed  kidney  the  upper  and 
lower  ends  are  smoothly  rounded,  and  the  upper  end  (extremitas  superior)  is  usually 
a  little  more  bulky  than  the  loweo'  (extremitas  inferior).  The  outer  border  (margo 
lateralis),  which  is  opposite  to  the  hilus,  is  rounded  and  convex,  while  the  inner 
border  (margo  medialis),  on  whicli  the  hilus  is  placed,  is  concave  from  above  down- 
wards. These  two  borders  separate  the  anterior  surface  (facies  anterior)  from  the 
posterior  surface  (facies  posterior)  of  the  kidney. 

The  capsule  which  envelops  the  whole  organ,  is  continued  over  tlie  lips  of 
the  hilus  into  the  interior  of  the  kidney,  and  lines  the  walls  of  the  kidney 
sinus.  The  vessels  and  nerves  of  the  kidney  pass  through  the  hilus  to  enter 
or  leave  the  sinus,  within  which  they  break  up  into  branches.  These  branches, 
piercing  the  wall  of  the  sinus,  enter  the  solid  substance  of  the  kidney.  The  upper 
expanded  portion  of  the  ureter  also  leaves  the  sinus  through  the  hilus. 

Position  of  the  Kidneys. — The  precise  level  of  the  kidney  in  the  abdominal 
cavity  is  subject  to  a  considerable  amount  of  variation,  and  also  it  is  usual  to  find 
a  difference  in  the  levels  of  the  right  and  left  kidneys  of  the  same  individual.  Most 
frequently  the  left  kidney  is  on  a  higher  level  than  the  right,  but  in  many  cases 
the  kidneys  occupy  the  same  level ;  or  the  more  usual  condition  is  reversed,  and  the 
right  kidney  is  a  little  higher  than  the  left. 

If  a  line  be  drawn  round  the  Ijody  at  the  level  of  the  lowest  part  of  the  thoracic 
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wall,  the  whole,  or  almost  tlio  wliole,  of  tliu  left  kichiey  will  lie  fouiul  to  lie  a))uVe 
the  level  of  the  ])laiie  .so  deterniiiied.  It  is,  therefore,  situated  in  the  sul)costal 
zone  of  the  aJ)doininal  cavity.  The  right  kidney,  however,  although  it  lies  for  the 
most  ])art  in  tlie  sulicostal  zone,  usually  projects  at  its  lowest  part  slightly  lielow 
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Flu.  720. — The  Postkrkiu  Abijomin.\i,  Wall,  after  tlie  removal  of  the  stoniacli,  liver,  and  tlie  greater  part 
of  the  intestines,  .showing  the  position  of  the  kidneys,  the  course  of  the  ureters,  etc.  (A.  H.  Young 
and  A.  Robinson). 

the  subcostiil  plane,  and  so  lies  to  a  small  extent  in  the  umbilical  zone.  It  is  stated 
that  in  the  female  the  kidneys  are  placed  on  a  somewhat  lower  level  than  in  the 
male. 

By  far  tlie  greater  part  of  each  kidney  lies  to  the  inner  side  of  a  line  drawn 
vertically  upwards  through  tlie  middle  point  of  Poupart's  ligament. 

The  posterior  aspect  of  the  kidney  is  closely  applied  against  the  muscles 
attached  to  the  bodies  of  the  last  dorsal  and  upper  three  lumbar  vertel)r8e,  and  is 
placed  in  front  "of  the  last  rib  and  of  the  transverse  processes  of  the  upper  three 
lumbar  vertebrae.  In  some  cases  the  eleventh  rib  also  lies  behind  the  upper  part 
of  the  kidney ;  this  happens  more  frequently  on  the  left  side  of  the  body.  The 
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roLition^hi])  ul"  Llie  kuliieys  t(i  the  lower  two  riljs  is  vciy  inconstHut,  owing  ]);irtly 
to  the  great  variabiht}'  in  size  and  inclination  of  these  bones  (Fig.  728). 

The  lower  ends  of  the  kidneys  a.re  situated  from  1^  to  2  inches  al)Ove  the 
highest  part  of  the  crest  of  the  ilium.  This  distance  is,  of  course,  usually  greatest 
on  the  left  side. 

The  kidneys  are  placed  behind  the  peritoneum,  and  project  into  the  posterior 
part  of  the  alxlominal  cavity.    Each  is  surrounded  l»y  a  consideral)Ie  amount  of 


M.R 


Fig.  727. — Outline  of  a  Transverse  Section  throdgh  the  Body  at  the  Level  of  the  First  Lumbar 
Vertebra.  The  kidneys  are  seen  one  on  each  side  of  tlie  vertebral  column  (E).  The  letter  B  is 
placed  upon  the  riglit  l<idney,  and  its  intimate  relationship  to  the  liver  (A)  is  well  seen.  The  left  kidney 
at  this  level  is  closely  related  to  the -spleen  (D.  J.  Cunningham). 

loose  tissue,  often  loaded  with  fat,  the  fatty  tissue  (capsula  adiposa)  being  present 
in  greater  quantity  round  the  margins,  and  only  to  a  small  extent  in  front  of  and 
behind  the  kidney.  In  the  fat  the  renal  vessels  and  nerves  lie  l)efore  they  enter 
the  organ,  and  the  adipose  tissue  is  contiriued,  along  with  the  vessels,  through  the 
hllus  into  the  kidney  sinus,  where  it  fills  up  all  the  space  unoccupied  by  the  vessels 
—     and  nerves. 

The  kidney  is  not  held  in  its  place  l)y  any  ligaments  or  special  folds  of  peri- 
toneum, l)ut  its  fixation  depends,  to  a  large  extent,  on  the  pressure  and  counter- 
pressure  which  is  exerted  upon  it  by  neighbouring  structures. 

The  long  axis  of  each  kidney  is  somewhat  oljlique,  as  the  upper  end  of  the  organ 
approaches  nearer  to  the  middle  line  than  the  lower  end.  The  surface  of  the 
kidney,  which  is  applied  against  the  muscles  forming  the  posterior  wall  of  the 
abdomen,  looks,  as  a  whole,  backwards  and  inwards,  and  that  which  projects  into 
the  abdominal  cavity  looks  forwards  and  outwards.  Hence  it  happens  that  the 
outer  border  of  the  kidney  lies  on  a  posterior  plane  to  the  inner  border.  The 
kidney  is  rotated  in  this  manner  on  its  long  axis  to  such  a  degree  that  the  inner 
margin  and  hilus  are  scarcely  visible  from  behind,  and  but  a  limited  view  of  the 
■  outer  liorder  cair  be  obtained  in  front  (Figs.  729  and  730). 

Posterior  Relations  and  the  Posterior  Surface  of  the  Kidney. — The  muscles 
of  the  posterior  abdominal  wall  on  which  the  kidney  rests  are  the  jisoas,  the 
quadratus  lumborum,  the  diaphragm,  and  the  transversalis  abdominis.  The 
abdominal  surfaces  of  these  muscles  do  not  lie  on  the  same  plane,  but  slope 
towards  one  another,  and  thus  the  )jed  on  which  the  kidney  rests  is  not  flat.  Tire 
posterior  aspect  of  the  kidney,  when  in  situ,  adapts  itself  to  the  inequalities  of  the 
surface  against  which  it  is  placed,  and  so  we  find  on  a  kidney  which  has  l)een  care- 
fully fixed  and  hardened  before  it  has  been  disturl)ed,  areas  marked  off  for  the 
different  planes  of  these  muscles.    When  the  kidney  is  in  position,  ridges  or 
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elevations  separating  these  areas  correspond  to  the  angles  along  whicli  tlie  different 
mnscular  planes  meet.  These  ridges  can  I)e  ol)served  in  the  hardened  kidney  after 
its  removal  from  the  body,  hnt  they  are  nsnally  not  very  sharj)ly  defined,  the 
angles  between  the  muscular  planes  l)eing  very  obtuse. 

A  kidney  liardened  in  sitit  (Fig.  729)  ya-esents  an  area  near  the  inner  part  of 
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Flu.  728.- 


-The  Posterior  JIeeationships  of  the  Kidney.-).    The  dotted  lines  indicate  the  contours  of  tlie 
kidneys.    The  drawing  is  made  from  a  model  prepared  by  Professor  C'uuningham. 


its  posterior  surface  adapted  to  the  anterior  aspect  of  the.  psoas  muscle.  This 
part  of  the  posterior  surface  looks  inwards  and  slightly  backwards.  Farther  out 
there  is  a  larger  area  which,  resting  against  the  quadratus  luinborum,  looks  more 
directly  backwards.  These  two  areas  are  separated  by  a  rounded  ridge  which  fits 
into  the  angle  l)etween  the  muscles  mentifined.  Beyond  the  area  in  contact  witli 
the  quadratus  lumliorum  is  the  thick  outer  Ijorder  of  the  kidney. 

Towards  the  up])er  end  of  the  kidney  the  posterior  surface  slopes  forwards  and 
rests  upon  the  diaphragm.  Indeed  the  upper  part  of  the  kidney  is,  as  a  whole, 
bent  slightly  forwards,  following  that  part  of  the  arch  of  the  diaphragm  on  which  it 
rests,  and  thus  a  narrow  interval  is  left,  in  which  the  pleural  cavity  passes  down  behind 
the  ujjyter  end  of  the  kidney  (Fig.  728).  This  relationship  of  the  pleural  cavity  to 
the  kidney  is  of  importance  in  connexion  with  sui'gieal  operations  performed  in 
the  lumbar  region.  The  portions  of  the  diaphragm  to  which  the  kidney  is  applied 
are  the  crus  and  the  parts  arising  from  the  last  rib  and  arcuate  ligaments. 

In  iidditioii  to  tliese  surfaces  or  facets  for  the  muscles  with  which  it  is  in  contact,  tlie  posterior 
aspect  or  outer  border  of  the  kidney  often  shows  a  groove  for  the  last  rib,  another  for  the  external 
arcuate  ligament,  and  two  or  three  depressions  for  the  tij^s  of  the  transverse  jjrocesses  of  the  uppta' 
two  or  three  lumbar  vertebra;.  In  some  cases  also  faint  narrow  groo^•es  are  to  Ije  seen  for  the 
nerves  wliich  pass  downwards  and  outwards  between  the  kidney  and  quadratus  luinborum — 
namely,  the  last  doi-sal  nerve  and  the  ilio-hypogastric  and  ilio-inguinal  nerve.s. 
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It  is  probable  that  some  at  least  of  the  (le])ressious  on  the  ]iostevioi'  as])ect  of  tlie  kidney  are 
produced  after  deatli,  and  are  caused  liy  tlie  -w  eiglit  of  the  otlier  abdominal  organs  jiressing  the 
kidney  backwards  against  tlie  more  resisting  structures  of  tlie  abdominal  wall,  at  a  time  when 
the  muscles  Ijehind  the  kidney  have  become  flaccid. 

The  outer  border  in  its  middle  and  lower  part  is  rather  a  surface  than  a 
border,  and  looks  for  the  most  part  directly  backwards ;  resting  on  tlie  anterior 
surface  of  the  posterior  tendon  of  the  transversalis  muscle,  it  lies  to  the  outer  side 
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Fig.  729. — The  Kidmeys  viewed  from  Behind.    Same  specimen  as  Fig.  730.    The  dotted  lines  mark  out 
the  areas  in  contact  with  the  various  muscles  forming  the  posterior  abdominal  wall. 
a.  Depression  corresponding  to  the  transverse  process  of  the  fir.st  lumbar  vertebra. 
h.  Depression  corresponding  to  the  transverse  process  of  the  second  lumbar  vertebra, 
c.  Depression  corresponding  to  the  twelfth  rib. 

of  the  quadratus  lumborum.  The  outer  liorder  is  narrowest  above,  and  widest  just 
below  its  middle  point,  corresponding  to  the  greater  thickness  of  this  part  of  the 
kidney. 

In  many  ways  it  would  be  more  satisfactory  to  aj^jjly  the  term  muscular  surface  (facies 
muscularis)  collectively  to  the  areas  described  here  as  posterior  surface  and  outer  border  ;  in  like 
manner  tlie  term  visceral  surface  (facies  visceralis)  might  be  suitably  apjilied  to  the  so-called 
anterior  surface  of  the  organ.  The  edge  separating  the  visceral  from  the  muscular  surface  is  the 
actual  outer  border  of  the  kidney. 

Anterior  Relations  and  the  Anterior  Surface  of  the  Kidney. — The  anterior 
relations  of  the  kidneys  not  only  differ  on  the  two  sides  of  the  liody,  Init  also  many 
of  the  structures  related  to  the  anterior  surface  of  each  kidney  undergo  frequent 
changes  in  position  during  life. 

A  small  area  on  the  upper  part  of  the  anterior  surface  of  the  right  kidney  is  in 
relation  to  the  corresponding  suprarenal  capsule  (Fig.  730).  The  rest  of  the  upper 
part  of  the  anterior  surface  is  in  contact  with  the  under  surface  of  the  liver.  The 
suprarenal  capsule  is  bound  to  the  kidney  by  connective  tissue,  while  the  part  of 
the  kidney  in  relation  to  the  liver  is,  like  the  liver  itself,  covered  1)y  peritoneum, 
and  so  the  two  organs,  although  closely  applied,  are  really  separated  l)y  a  part  of 
the  general  peritoneal  cavity.  In  front  of  the  lower  end  of  the  riglit  kidney  are 
usually  found  two  parts  of  the  alimentary  canal — namely,  the  descending  part  of 
the  duodenum  and  the  hepatic  flexuxe,  or  the  commencement  of  the  transverse 
colon.  The  part  of  the  kidney  related  to  the  duodenum  lies  to  the  inner  side  of 
the  area  which  touches  the  colon,  but  the  exact  amount  of  the  kidney  in  contact 
witli  each  of  tliese  two  ])arts  of  intestine  varies  much  in  different  subjects.  Both 
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lliti  colon  iMid  llic  (huKlcuuni  iiiu  liouud  down  to  the  kiducy  liy  tlio  i)oi'itonciun.  In 
additiou  to  the  stvuetunts  lueutioned,  some  poi  tioTi  of  the  ileum,  or  of  the  jcjnuum, 
is  often  found  in  contact  with  a  small  part  of  the  right  kidney. 

Tn  front  of  the  extreme  upper  and  inner  part  of  tlie  left  kidney  is  the  inferior 
jiortion  of  the  left  suprarenal  capsule;  while  at  a  lower  level  the  Tipper  part  of  the 


StipiiireiKil  area  Suprarenal  area 


Fi(i.  730. — Thk  Kidxkys  and  Gre.\t  Ve.sski.s,  viewed  from  the  front.  The  drawing  was  made,  before 
removal  of  the  organs,  from  a  specimen  in  which  tlie  viscera  had  been  hardened  //;  situ.  The  dotted 
lines  marli  ont  the  areas  wldch  were  in  contict  with  tlie  various  other  abdominal  viscera. 


left  l-ydney  is  in  contact  with  the  stomach  and  pancreas.  The  suprarenal  capsule 
and  the  pancreas  are  )>ouud  down  to  the  kidney  hy  connective  tissue,  ljut  the 
stomach  is  separated  from  the  part  of  the  kidney  with  whicli  it  is  in  apposition,  by 
the  lesser  sac  of  the  peritoneum.  The  part  of  the  kidne}'  in  actual  ccmtact  with 
the  stomach  is  usually  a  small,  somewhat  triangular  area  situated  above  the  level 
at  which  the  pancreas  crosses  the  left  kidney.  The  renal  surface  of  the  spleen  is 
related  to  the  anterior  surface  (rf  the  left  kidney  in  its  up])er  and  outer  part,  the 
two  organs  l)eing  se])arated  by  a  part  (jf  the  general  peritoneal  cavity,  except  along 
the  area  where  spleen  and  kidney  are  connected  l)y  the  lieno-renal  ligament.  The 
anterior  surface  of  the  lower  end  of  the  left  kidney  is  related,  towards  the  inner 
side,  to  a  part  of  the  jejunum,  and  towards  the  outer  side  to  a  part  of  tlie  sydenic 
flexure  of  the  colon. 

The  right  and  left  colic  arteries,  or  their  brandies,  as  they  pass  outwards  to  reach 
the  colon,  arc  often  related  to  the  anterior  aspects  of  the  corresponding  kidneys.  The 
splenic  artery  proceeds  in  front  of  the  left  kidney  (Fig.  735). 

The  anterior  surface  of  a  kidney,  which  has  been  hardened  in  situ,  is,  like  the 
posterior  surface,  not  uniformly  rounded,  but  marked  by  a  series  of  impressions 
corresponding  to  the  different  structures  which  lie  in  contact  with  it.  In  the  case 
of  each  kidney,  the  most  prominent  region  on  the  anterior  surface  lies  below  the 
level  of  tht!  middle  of  the  kidney,  and  corresponds  to  the  thickest  part  of  the 
organ.  From  this  prominence  on  the  anterior  surface  a  series  of  more  or  less 
flattened  planes  slope  away  towards  the  borders  of  the  kidney.  These  flattened 
areas  are  the  impressions  formed  by  the  viscera  which  lie  in  front  of  the  kidney. 

In  the  case  of  the  right  kidney,  three  impressions  can  usually  be  distinguished 
on  the  anterior  surface.    One  occtipies  the  whole  of  the  u]iper  part  of  the  organ, 
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and  is  the  hepatic  impression  (impressio  hepatica) ;  another  stretclies  from  the  most 
prominent  point  to  the  lower  end  of  the  kidney,  and  is  related  to  the  colon ;  while 
the  tliird  extends  along  the  inner  margin,  below  the  hihis,  and  is  in  contact  with 
the  second  part  of  the  duodenum  (Fig.  730). 

On  the  left  hidney,  also,  three  more  or  less  marked,  flattened  impressions  slope 
towards  the  borders  of  the  organ  from  the  most  prominent  part  of  the  anterior 
surface.  One  of  these,  on  the  upper  and  outer  part  of  the  kidney,  is  the  splenic 
impression ;  another,  extending  downwards  to  tlie  lower  end  of  the  kidney,  is  for 
the  colon,  or  for  the  colon  and  jejunum  ;  while  the  third,  or  impressio  gastrica,  corre- 
sponds to  the  position  of  the  overlying  stomach.  The  gastric  impression  occupies 
an  area  of  the  anterior  surface  of  the  left  kidney,  above  and  in  the  region  of  the 
hilus.  Only  a  small  portion  of  this  impression  is  directlj'  in  contact  with  the 
stomach,  since  the  pancreas  and  a  part  of  the  suprarenal  capsule  intervene  between 
the  stomach  and  the  kidney  (Fig.  730). 

It  is  common  to  find  the  left  kidney  tliicker  and  less  flattened  antero-posteriorlj  than 
the  right,  the  impressions,  or  facets,  upon  its  surface  being  at  the  same  time  better 
marked.  Witli  this  is  probably  to  be  associated  the  fact  that  Jfoatinc/  kidnei/  is  more  rarely 
met  with  on  the  left  side  than  on  the  right. 
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Extremities  of  the  Kidney. — The  kidney,  fixed  and  hardened  in  situ,  is 
usually  more  pointed  at  its  loiver  than  at  its  upper  end.  The  latter  is  more 
flattened  from  before  backwards,  and  wider  from  side  to  side.  This  flattened  part 
of  the  kidney  rests  upon  the  diaphragm,  and  is  bent  somewhat  forward. 

Renal  Sinus  (sinus  renalis). — The  sinus  of  the  kidney  (Fig.  731),  into 
wliich  the  hilus  opens,  is  a  narrow  space,  having  its  long  axis  corresponding  to 
that  of  the  kidney.  The  thick 
walls  of  the  sinus  cavity  are  formed 
by  the  substance  of  the  kidney,  and 
lined  by  a  part  of  the  fibrous  kidney 
capsule  which  enters  the  sinus  over 
the  lips  of  the  hilus.  The  iioor  of 
the  sinus  is  not  smootli,  but  pre- 
sents a  series  of  small  projecting 
conical  elevations  called  renal 
papillae  (papillae  renales),  which 
vary  from  twelve  to'  fifteen  in 
number.  Eadiating  from  each 
'papilla  are  a  numl^er  of  bars  or 
ridges  of  kidney  substance,  some- 
what raised,  and  having  depressed 
areas  between  them.  The  Idood- 
vessels  and  nerves  enter  and  leave 
the  kidney  by  piercing  the  wall  of 
the  sinus  where  it  is  formed  Ijy 
these  little  depressed  areas.  When 
the  vessels  and  nerves  are  removed 
these  depressions  present  a  cribri- 
•form  appearance  (arete  cril^rosaj. 
Fig.  731).  The  summit  of  each 
renal  papilla  is  pierced  l)y  a  num- 
ber of  minute  openings  called  fora- 
mina papillaria.  Tliese  are  the 
terminal  apertures  of  the  secreting  tubules,  of  which  the  kidney  is  to  a  large 
extent  composed,  and  tlie  urine  secreted  l»y  tlie  kidney  escapes  thrdtigh  them  into 
the  upper  part  of  the  ureter. 

Kidney  in  Section.— Sections  (Fig.  731)  through  the  kidney  show  it  to  be, 
for  the  most  part,  composed  of  a  number  of  pyramidal  masses  arranged  with  their 
Ijases  towards  the  surface,  while  their  apices  project  into  the  sinus  of  tlie  kidney 
ami  form  the  renal  papilkie  already  descriljed.    Tliese  masses  of  kidney  suljstance 
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FlO.  731. — LlJNGITUDINAL  SECTION  THROUGH  THE  KlDNEY. 

The  vessels  and  fat  have  been  removed  to  give  a  view  of  the 
wall  of  the  kidney  sinus.  The  points  where  the  vessels 
enter  the  kidney  sinus  are  seen  as  little  holes  in  tlie  sinus 
wall  at  ((  and  elsewhere. 
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are  termed  the  medullary  pyramids  (pyramides  renales),  and  together  constitute  tlie 
medulla  (suljstantia  medullaris)  of  the  kidney.    The  bases  of  the  pyramids  do  not 

reach  tlie  surface  of  the  kidney,  but  are  separ- 
ated from  it  l)y  a  thin  layer  of  kidney  substance 
called  cortex,  or  the  cortical  part  of  the  kidney 
l.Area.      (substantia  corticalis).    The  cortical  substance 
Pa, ilia  ^-rs^  j ciibrosiP  ^^^^^  ^j^j^  covers  over  the  bases  of  the  pyramids, 

^i>^  ^  ^s==^       i'  "^M*-  Imt  also  sends  in  prolongations,  calletl  columns 

of  Bertin  (columnar  renales),  between  the  pyra- 
mids, towards  the  sinus.    The  medullary  part 
of  the  kidney  exhibits  in  section  a  striated 
Fic.  73-2.— Small  Portion  of  the  Wall   appearance,  while  the  cortical  part  is  more 
OF  THE  Kidney  Sinus.  ,  i  n  ,    •        i  mi 

granular  and  usually  dmerent  in  colour.  The 

outer  part  of  each  pyramid,  or  the  intermediate  zone  (basis  pyramidis),  as  it  is 
tei'med,  appears  in  section  to  l)e  composed  of  alternate  dark  and  light  streaks, 
while  the  inner  or  papillary  part,  which  is  of  a  ligliter  colour,  is  more  uniformly 
and  faintly  striated. 

In  sections  of  the  kidney  the  larger  blood-vessels  are  seen,  after  they  have 
entered  the  kidney  substance,  to  lie  between  the  pyramids ;  some  of  their  main 
branches  are  also  visible  passing  across  the  bases  of  the  pyramids. 

In  the  foetus  and  young  child,  and  sometimes  even  in  the  adult,  the  surface  of  the 
kidney  is  marked  by  a  number  of  grooves  dividing  it  into  polygonal  areas.  These  repre- 
sent the  lobes  (lobi  renales)  of  which  the  kidney  is  originally  composed.  Each  lobe 
corresponds  to  one  pyramid  with  its  surrounding  cortical  substance. 

An  examination,  with  an  ordinary  pocket  lens,  of  a  section  through  the  kidney 
shows  that  the  lighter  strife  of  the  intermediate  zone  are  continued  into  the  cortex. 
As  they  pass  through  the  cortex  towards  the  surface  of  the  kidney  they  become 
less  distinct,  and  appear  as  separate  ray-like  prolongations  carried  outward  from 
the  l)ases  of  the  pyramids.  Tliese  parts  of  the  cortex,  which  appear  in  this  way  to 
be  c<^ntinuations  of  tlie  medulla,  are  called  medullary  rays  (pars  radiata),  and  the 
portions  of  kidney  cortex  which  intervene  between  them  form  the  labyrinth  (pars 
convoluta.  Fig.  7.33). 

Kidney  Tubules. — The  substance  proper  of  the  kidney  is  composed  of  an  enormous 
number  of  minute  tubules  (tubuli  renales),  each  of  which  has  an  exceedingly  complicated 
coui'se.  The  wall  of  a  uriniferous  tubule  consists  throughout  of  a  basement  membrane 
and  an  epithelial  lining,  but  the  diameter  of  the  tubule  and  the  character  of  the  epithelium 
vary  much  in  the  differeut  parts  of  each  tube.  Each  tubule  begins  in  a  thin-walled 
spherical  dilatation  or  capsule  (capsula  glomeruli),  in  which  a  complicated  loop  of  capillary 
blood-vessels  is  contained.  The  tuft  of  capillaries  is  covered  by  a  reflection  of  the  delicate 
wall  of  the  capsule,  and  is,  as  it  were,  invaginated  into  the  ca])sule  (Fig.  733).  The 
capsules  with  their  enclosed  ca])illaries  are  often  called  Malpighian  corpuscles  (corpuscula 
renis),  and  are  all  placed  in  the  labyrinth  portion  of  the  kidney  cortex.  The  tubule 
leading  frona  the  capsule — first  convoluted  tubule — is  much  convoluted,  and  lies  within 
the  labyrinth.  Passing  from  the  lab^-riuth,  the  tubide  enters  a  medullary  ray,  in  which 
its  course  becomes  less  complicated,  and  here  it  receives  the  name  of  spiral  tubule.  From 
the  medullary Taj^  the  tubule  enters  the  intermediate  zone  of  the  pyramid,  and,  diminishing 
in  diameter,  it  pursues  a  straight  course  towards  the  apex  of  the  pyramid,  forming  the 
so-called  descending  limb  of  Henle's  loop.  AVithin  the  apical  ])ortiou  of  the  pyramid  the 
tubule  suddenly  bends  upon  itself,  forming  the  loop  of  Henle,  and  reversing  its  direction, 
it  passes  back  again  through  the  intermediate  zone  into  the  medullary  ray  as  the  ascend- 
ing limb  of  Henle's  loop.  This  ascending  limb  exhibits  a  slight  spiral  twisting.  Leaving 
the  medullar}'  ray,  the  tubule  once  more  enters  the  labyrinth,  where  its  outline  becomes 
so  uneven  that  the  name  irregular  tubule  is  applied  to  it.  While  still  within  the  laby- 
rinth, its  contour  having  acquired  a  more  uniform  ajipearance,  the  tubule  receives  the 
name  of  second  convoluted  tubule  ;  this  latter  finally  ends  in  a  short  junctional  tubule, 
which  passes  back  into  a  medullary  ray  and  joins  a  collecting  tube.  Each  collecting 
tube  receives  luimcrous  kidney  tubules,  and  jjursuesa  straight  course  through  a  medullary 
ray  and  pyramid.  Finally,  several  collecting  tubes,  uniting  together,  open  as  an  excretory 
tube,  by  one  of  the  foramina  papillaria,  on  the  surface  of  a  renal  papilla,  into  a  calyx  of 
the  ureter  (Fig.  733). 
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Vessels  of  the  Kidney. — The  renal  artery  is  very  large  in  proportion  to  the  size 


of  the  organ  to  wiiich  it  conveys  blood 
kidney  to  enter  the  hilus,  lie  between 
the  tributaries  of  the  renal  vein  in 
front  and  tlie  ureter  behind.  Enter- 
ing the  substance  of  the  kidney  in 
the  manner  described  above  (page 
1085),  the  larger  branches  lie  in  the 
intervals  between  the  pyramids,  and 
are  called  the  interlobar  arteries 
(arterise  interlobares  renis).  These 
vessels  dividing,  form  a  series  of  in- 
complete arterial  arches  (arteria;  arci- 
formes),  which  pass  across  the  bases 
of  the  pyramids.  From  the  arches 
two  chief  sets  of  branches  come  ott' 
— those  of  one  set  are  continued  to- 
wards the  periphery  and  enter  the 
labyrinth,  while  those  of  the  second 
set  pursue,  a  recurrent  course  and 
enter  the  intermediate  zone  of  the 
medulla.  The  latter  vessels,  called 
arteriolse  rectse,  give  rise  to  the 
coarsely  -  striated  appearance  which 
this  part  of  the  kidney  exhibits  in 
section.  Each  of  these  vessels,  en- 
tering the  medulla,  divides  into  a 
number  of  fine  branches  which  run 
nearl}'  parallel  to  one  another,  and 
suppl}^  the  tubules  in  this  region  of 
theTodheyT^  The  vessels  directed  out- 
wards, or  interlobular  arteries  (arteria3 
interlobulares),  pass  through  the  laby 


Its  terminal  branches,  as  they  approach  the 
Labvrintli  Medullary  ray 


Efferent 
ve.ssel 

Afferent 
ves.s(;l 


Fig. 


Glomerulus 
Capsule 


7S3. — Diagrammatic  kepeesentation  of  the* 
Structures  forming  a  Kidney  Lobe. 


In  the  middle  part  of  the  hgure  the  course  of  one  of  the  kidney 
tubules  is  indicated,  and  in  tlie  lateral  parts  the  disposition 
of  the  larger  arteries.  A,  Cortex  ;  B,  Intermediate  zoue  ; 
C,  Papillary  portion. 

rinth  towards  the  surface  of  the  kidney.  The  diagram  at  the  right-hand  side  of  the  lower  part  of  the 
Thev    "'ive    off    a   number    of    short  figure  Ulustrates  the  connexions  of  the  structures  com- 

T         T        .  1  /v.        .  •  ,  posing  a  Malpighian  corpuscle, 

branches,  termed  vasa  afiterentia,  each        r     o        i  =  f 

of  which  proceeds  to  the  dilated  extremity,  or  capsule,  of  a  uriniferous  tubule.  Here  the 
Vas  afferens  breaks  up  into  a  much  convoluted  capillary  mass,  called  a  glomerulus,  which 
is  contained  within  the  invagination  of  the  capsule.  The  little  vein  which  issues  from 
the  glomerulus  is  termed  a  vas  efferens ;  but  instead  of  running  directly  into  a  larger 
vein,  it  breaks  up,  after  the  manner  of  an  artery,  into  capillaries  which  supply  the  tubules 
W^the  labyrinth  and  medullary  rays.  The  tubules  of  the  intermediate  zone  also  receive 
their  blood-supply  from  the  vasa  efFerentia  of  the  nearer  glomeruli. 

Veins  corresponding  to  the  intei'lobular  arteries  and  arterioUe  rectfe  collect  the  blood 
from  the  capillaries  surrounding  the  tubules,  and  unite  to  form  a  series  of  complete  arches 
across  the  bases  of  the  pyramids.  From  these  venous  arcades  vessels  arise,  which,  traversing 
the  intervals  between  the  pyramids,  reach  the  sinus  of  the  kidney,  where  they  unite  to 
form  the  tributaries  of  the  renal  vein. 

Nerves  of  the  Kidney. — The  nerves  of  the  kidney  accompany  the  branches  of  the 
arteries,  and  are  derived  from  the  renal  plexus. 


Variations. — A  marked  difference  in  the  size  of  the  two  kidneys  is  sometimes  observed,  a 
small  kidney  on  one  side  of  the  body  Ijeing  usually  coniiieiisated  for  by  a  large  kidney  on  the 
02)posite  side.    Gases  of  complete  absence  of  one  or  other  kidney  are  recorded. 

Traces  of  the  superficial  lobulation  of  the  kidney,  present  in  the  foetus  and  young  child,  are 
often  retained  in  the  adult. 

Horse-shoe  kidney  is  not  an  infrequent  aljnorinality.  In  these  cases  the  two  kidneys  are 
united  at  their  lo^  er  ends,  across  the  middle  line,  by  a  connecting  piece  of  kidney  substance. 
The  amount  of  fusion  l3et^^'een  the  two  kidneys  varies  iiiucli ;  it  is  sometimes  very  com- 
plete, wliile  in  other  cases  it  is  but  slight,  the  connexion  being  chiefly  composed  of  fibrous 
tissue. 

In  some  luaiimialian  animals,  such  as  the  l)car,  the  ox,  the  ])()rp(ii!<e,  etc.,  the  kidneys  are 
com]»osed  of  a  number  of  completely  isolated  lobes,  eacli  of  which  corresponds  to  one  pyramid 
and  its  surroimding  cortex  ;  wliile  in  others,  such  as  the  horse,  the  fusion  of  the  lobes  is  more 
complete  even  than  in  the  human  kidney,  and  a  single  mass  represents  the  united  pyramids. 


1088 


UEOGENITAL  SYSTEM. 


The  Duct  of  the  Kidney. 


P;iliilla 


The  duct  of  the  kidney  l)egius  above  in  a  thiu-walled  funnel-shaped  expansion 
placed  partly  within  and  partly  outside  tlie  sinus  of  the  kidney.    This  portion  of 

the  duct  receives  the  name  of 
pelvis  (pelvis  reualis).  Towards 
the  level  of  the  lower  end  of  the 
kidney  the  part  of  the  pelvis 
outside  the  sinus  duuinishes  in 
calil)re,  and  forms  a  tul)e  termed 
the  ureter  (Fig.  7o4). 

Pelvis  of  the  Kidney. — 
AVithin  the  sinus  of  the  kid- 
ney the  pelvis  lies  for  the  most 
part  behind  the  renal  vessels, 
and  is  formed  by  the  junction 
of  two  or  three  thin  -  walled 
tubes,  each  of  which  has  a 
number  of  Inanches.  These 
latter,  called  infundibula  or 
calyces  (calyces  renal  es),  are 
short,  and  increase  in  diameter 
as  they  approach  the  sinus  wall. 
Their  wide,  somewhat  funnel- 
like ends  enclose  the  renal 
papilla',  the  secretion  from 
which  they  receive  and  conduct 
to  the  pelvis.  The  calyces  are 
usually  aliout  twelve  in  number,  one  calyx  sometimes  surrounding  two  or  even 
three  papilhie.  The  portion  of  the  pelvis  that  lies  outside  the  kidney  has  in 
front  of  it,  in  addition  to  the  renal  vessels,  on  the  right  side  the  second  part  of 
the  duodenum,  and  on  the  left  side  a  part  of  the  pancreas  (Fig.  735). 

Ureter. — The  ureter  is  the  vessel  which  carries  the  urine  from  the  pelvis 
of  the  kidney  to  the  bladder.  It  is  a  pale-coloured  thick- walled  duct  with  a  small 
lumen.  While  in  situ  it  has  a  total  leno-th  of  about  ten  inches,  and  lies  throuohont 
its  whole  course  behind  the  peritoneum  in  the  sul)-peritoneal  tissue.  In  its  u])per 
part  the  ureter  lies  in  the  abdominal  cavity,  and  in  its  lower  part  in  the  pelvic 
cavity  (Figs.  726,  735,  and  736). 


Kiihitty  sinus 
Interlobar ) 
vessi^I  / 


Cortex 


liitermeiliate 
zone 


Fic.  734. — LoxGiTUDiNAi.  Section  of  the  Kidney,  oi'ening 
THE  Kidney  Sinus. 

The  pelvis  of  the  ureter  and  some  of  its  calyces  have  been  lai' 
open  as  they  lie  within  tlie  sinus. 


The  normal  ureter,  in  tlit 
to  fourteen  inches. 


Haccid  condition,  luea.sure.'*  after  it.s  removal  I'roni  tlie  body  eleven 


The  abdominal  portion  of  the  ureter  (pars  alidominalis),  about  five  or  five  and  a 
half  inches  in  length,  is  directed  downw"ards  and  slightly  inwards,  and  lies  upon 
the  psoas  muscle.  On  both  sides  of  the  body  the  ureter  is  crossed  very  obliquely 
by  the  spermatic,  or  ovarian,  vessels.  At  its  commencement  the  right  ureter  often 
lies  behind  the  descending  part  of  the  duodenum,  close  to  the  outer  side  of  the 
inferior  vena  cava,  and  as  it  pas.ses  downwards  it  is  crossed,  just  before  it  enters  the 
pelvic  cavity,  liy  the  root  of  the  mesentery.  The  left  ureter  is  crossed  by  the 
attachment  f)f  the  mesentery  of  the  pelvic  colon.  On  lioth  sides  the  geuito-crural 
nerve  passes  ol>liquely  outwards  and  downwards  behind  the  ureter  (Figs.  726  and  735). 

Crossing  the  common  iliac,  or  sometimes  the  external  iliac  artery,  the  ureter 
enters  the  pelvis. 

The  pelvic  portion  of  the  ureter  (])ars  pelviiia)  is  al>out  four  or  four  and  a  half 
inches  in  length,  and  passes  downwards  on  the  side  wall  of  the  pelvis  lieneatli  the 
])eritoneum,  descriliing  a  curve  which  is  convex  backwards  and  outwards  (Fig.  736). 
The  most  convex  portion  of  this  curve  lies  close  to  the  deepest  part  of  the  great  sciatic 
notch  (Figs.  755  and  777).  In  its  course  within  the  pelvis  the  ureter  lies  in  front 
of  the  internal  iliac  artery,  and  crosses  the  inner  aspect  of  the  obturator  nerve  and 
vessels  and  the  obliterated  hypogastric  artery.     Al)0ut  tlie  level  of  the  ischial 
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spiue  the  ureter  beuds  somewhat  iuwards  to  reach  the  bladder,  and  is  crossed  on  its 
inner  side  by  the  vas  deferens.  A  Kttle  further  on  it  comes  into  relationship  with 
the  upper  end  of  the  vesicula  seminalis,  in  front  of  which  it  lies  as  it  pierces 
the  bladder  wall.    The  ureter,  as  it  passes  iuwards  to  the  bladder,  is  placed  on 


Peritoneum  of  lesser  bag 
Phrenic  vessels 
Vena  cava 
Hepatic  vein 
Hepatic  artery 
I'urtal  vein  \ 
Fyloi-us 
Bile  duct 
Supnireniil  body 
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duodenal  artery 
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mesenteric  artery 
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Ci)iuiiion  iliac  veil 
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Fig.  735. — The  Posterior  Abdominal  Wall  after  Re.moval  of  the  Livek  and  the  gkeater  paut  of 
THE  Intestines  ;  showing  tlie  position  of  the  kidneys  and  the  course  of  the  ureters — (A.  Birniingham) 

an  anterior  and  deeper  plane  than  the  vas  deferens,  and  is  surrounded  by  a  dense 
plexus  of  veins,  continuous  with  the  vesical  and  prostatic  plexuses.  When  the 
ureters  reach  the  bladder  they  are  a  little  more  than'  two  inches  apart.  They 
pierce  the  l)ladder  wall  very  ol)liquely,  being  embedded  within  its  muscular 
tissue  for  nearly  three  quarters  of  an  inch  of  their  length.  Finally,  they 
open  into  the  bladder  by  two  small  slit-like  apertures  which  are  of  a  valvular 
nature,  and  thus  prevent  backward  passage  of  fluid  from  the  bladder.  When 
the  l)ladder  is  empty  these  openings  are  placed  at  about  one  inch  apart  but 
69 
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when  that  viscus  is  distended  they  are  often  two  inches,  or  more,  distant  from  one 
another. 

In  the  female,  the  ureter,  near  its  termination,  lies  to  tlie  outer  side  of  the 
cervix  uteri  and  upper  part  of  the  vagina.  It  is  accompanied  in  the  lower  part 
of  its  course  l)y  the  uterine  artery,  wliich  crosses  it  on  its  anterior  aspect  not  far 
from  its  termination.  Higher  up  it  lies  in  the  peritoneal  fold  which  forms  the 
posterior  and  lower  l)oundary  of  the  fossa  ovarica  (Fig.  770). 

Structure  of  the  Ureter. — The  wall  of  the  ureter  is  thick  and  of  a  whitish 
colour.  Within  the  outer  fibrous  coat  (tunica  adventitia)  is  a  muscular  coat 
(tunica  muscidaris)  of  unstriated  muscle  fibres.    This  latter  consists  of  a  layer  of 


Vesical  arlerj  First  sacral  vertebra 

External  iliac  vessels  I 


opHiiiiiH  of  ureter  into  bladder        /  ' 
rortioiis  of  vasadeferentia  cut  in  section 

Fk:.  736. — Mesial  Section  of  an  Adult  Male  Pklvls. 

The  coils  of  the  .snuiU  iute.stiue  which  lay  within  the  pelvis  have  been  lifted  out  in  ortler  to  give  a  view  of  tlie 
side  wall  of  the  pelvic  cavity.  The  ])eritoueuni  is  coloured  blue.  The  separation  of  the  bladder  from 
the  prostate  is  indicated  somewliat  diagraniniatically. 

circularly-disposed  fibres  enclosed  between  two  layers  of  longitudinal  fibres.  The 
inner,  or  mucous  coat  (tunica  mucosa),  which  usually  exhibits  a  number  of  longi- 
tudinally-disposed folds,  possesses  an  epithelium  resembling  that  of  the  bladder. 

Variations. — Tlie  ureter  is  sometimes  represented  by  two  tubes  in  its  u])per  portion.  In  rarer 
cases  it  is  double  tln-cmghout  its  whole  leugtli,  from  the  pelvis  of  the  kidney  to  the  bladtler. 

THE  BLADDER 

The  bladder  (vesica  urinaria)  is  a  hollow  viscus  into  which  the  ureters  conduct 
the  urine  secreted  by  the  kidneys.  It  is  placed  in  the  anterior  part  of  the  pelvic 
cavity,  and  lies  behind  the  symphysis  pulns.  The  bladder  is  situated  in  front  of 
the  rectum,  from  which  it  is  separated  i7i  the  male  by  the  seminal  vesicles  and  the 
terminal  portions  of  the  vasa  deferentia,  and  in  the  female  by  the  vagina  and 
uterus.  Its  wall  is  chiefly  composed  of  muscular  tissue,  but  the  thickness  of  the 
wall  and  tlie  size  of  the  cavity  depend  on  the  amount  of  fluid  contained  within 
the  (jrgan.  Tlie  opening  into  the  urethra,  or  canal  by  which  the  urine  leaves  the 
bladder,  is  placed  in  the  middle  line  of  the  under  part  of  the  bladder  wall,  not  far 
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from  the  openings  of  the  ureters,  but  on  a  lower  level.  The  size  and  shape  of  the 
bladder,  and  also  to  a  great  extent  its  relations,  vary  with  the  amount  of  disten- 
sion, or  contraction,  of  tlie  organ.  When  the  bladder  is  empty,  or  only  slightly 
distended,  it  lies  within  the  pelvic  cavity;  as  it  becomes  filled  with  urine  it  rises 
above  the  pubis,  and,  crossing  the  pelvic  l)rim,  enters  the  alxlominal  cavity.  These 


Fig.  737. — Mesial  Section  through  the  Male  Pelvis. 

Tilt!  bladder  contaiuti  but  a  small  amount  of  tiuid.  The  seiiaration  between  the  bladder  and  prostate  is  shown 
somewhat  diagrammatioally.  Drawn  from  a  preparation  in  the  Anatomical  Department,  Trinity  College, 
Dnblin. 


changes  affect  chieily  the  upper  part  of  the  liladder,  which  Ijecomes  altered  in 
shape  and  size,  and  acquires  new  connexions  and  relations ;  the  lower  portion 
varies  ljut  slightly  with  the  amount  of  distension  of  the  organ  (see  Figs.  737  and  738). 
The  position  occupied  by  the  bladder  depends,  to  a  certain  extent,  on  the  condi- 
tion of  the  rectum,  for  when  the  lower  part  of  the  rectum  is  distended,  the  bladder 
as  a  whole  is  thrust  somewhat  upwards  and  forwards.  The  upper  part  of  the 
bladder  is  covered  by  peritoneum,  which  is  refiected  on  to  it  from  the  anterior 
al)dominal  wall  in  front,  from  the  sides  of  the  pelvis  laterally,  and,  in  the  male, 
from  the  rectum  behind.  In  the  female  the  peritoneum  passes  from  the  anterior 
surface  of  the  uterus  on  to  the  bladder.  The  peritoneum  dips  down  posteriorly  for 
a  certain  distance  between  the  bladder  and  rectum  in  the  male,  forming  the 
recto-vesical  pouch  of  peritoneum ;  in  the  female  a  ■  somewhat  similar  pouch 
is  present  ))etween  the  bladder  and  the  uterus  (Fig.  744).  The  under  part 
of  the  bladder  which  lies  below  the  peritoneum  is  for  the  most  part  directed 
towards  the  pelvic  Moor.  In  the  middle  line  it  is  supporte'd  by  the  symphysis 
pubis  and  the  retro-pubic  pad  of  fat ;  further  back  in  the  male  it  rests  upon  the 
prostate  and  on  the  lower  part  of  the  rectum,  from  which  latter  it  is  separated  by 
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the  vesiculfe  seiuinales  and  the  terminal  parts  of  the  vasa  deferentia.  In  the 
female  it  rests  upon  the  anterior  wall  of  the  vagina.  Laterally  the  bladder  is  sup- 
ported by  the  levatores  aui  muscles,  and  further  from  the  middle  line  it  is  in  contact 
on  each  side  with  the  obturator  internus  ;  it  is  sepsirated  from  l)oth  of  these  muscles 
Ijy  a  layer  of  the  pelvic  fascia. 

The  opening  of  the  urethra,  or  internal  urethral  orifice  (orificium  urethne 
internum),  is  placed  in  or  near  the  part  of  the  l)ladder  wall  which  lies  lowest  in 
the  pelvic  cavity.  The  term  neck,  or  cervix,  of  the  l)ladder  is  often  applied  to 
this  region,  as  here  the  liladder  appears  as  if  it  were  suddenly  constricted  to 
form  the  urethra.    The  portion  of  the  liladder  wall  lieliind  tlie  urethral  orifice. 


Fig.  738.— Mesial  Section  of  the  Male  Pelvis. 
The  liladder  has  been  artificially  distended.    From  a  specinieu  in  the  Anatomical  Deiiartmeiit. 

Trinity  College,  Dulilin. 

which  is  directed  ?rta/e  towards  the  anterior  wall  of  tlie  rectum  (and  lies  below 

and  in  front  of  the  recto-vesical  pouch),  is  called  tlie  base  of  the  Itladder  (fundus 
vesicJB).  The  corresponding  xmrt  of  the  Uadder  in  the  female  rests  against  the 
anterior  wall  of  the  vagina.  The  term  apex,  or  summit,  of  the  1)ladder  (vertex 
vesica)  is  api)lied  to  the  portion  which  lies  nearest  to  the  upper  border  of  the 
symphysis  when  the  organ  is  empty,  or  but  slightly  filled.  The  apex  rises  high 
above  the  pubis  into  the  abdominal  cavity  when  the  Idadder  is  distended.  Con- 
nected with  the  apex  of  the  liladder  is  a  fibrous  cord  (ligamentum  umbilicale 
medium)  which  passes  upwards,  in  the  middle  line,  on  the  posterior,  aspect  of  the 
anterior  abdominal  wall  to  the  umbilicus.  This  cord  represents  the  urachus,  or 
portion  of  the  allantois  which  lies  within  the  body  of  the  developing  embryo. 
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-During  the  various  changes  in  form  and 


The  part  of  the  bladder  which  connects  the  apex  witli  the  base,  a,nd  which  is  not 
sharply  marked  off  from  either,  is  called  the  body,  or  corpus  vesicae. 
Position  of  the  Urethral  Orifice. 

position  which  the  bladder  undergoes,  the  region  of  the  uretliral  orifice  remains 
almost  fixed  in  position.  When  the  l)ladder  is  verj'  much  distended  this  region 
merely  lies  at  a  slightly  lower  level  in  the  pelvis  than  it  does  when  the  organ  is 
empty ;  on  the  other  hand,  distension  of  the  lower  part  of  the  rectum  raises,  to 
some  extent,  the  level  of  the  urethral  orifice.  The  urethral  orifice  lies  immedi- 
ately above  the  prostate,  behind  and  slightly  below  the  level  of  the  upper  margin 
of  the  symphysis  pul)is,  and  about  two  to  two  and  a  half  inches  from  it.  It  can 
be  easily  readied  by  a  finger  introduced  into  the  1  ladder  through  the.  alxloniinal 
wall  above  the  symphysis  pubis.  It  is  usually  placed  half  an  inch  to  one  inch 
above  the  level  of  a  plane  passing  through  the  lower  margin  of  the  symphysis  and 
the  lower  end  of  tlie  sacrum,  but  in  some  cases  it  is  found  to  be  somewhat  lower. 
In  the  female  it  normally  occupies  a  lower  level  than  in  the  male.  Since  the 
position  of  the  internal  urethral  orifice  varies,  in  the  manner  above  described,  with 
the  condition  of  the  rectum  and  of  the  bladder  itself,  it  follows  that  it  lies  at  its 
lowest  limit  when  the  bladder  is  full  and  the  rectum  empty,  and  at  its  liighest 
level  when  the  bladder  is  empty  and  the  rectum  distended. 

Under  Aspect  of  the  Bladder. — The  lower  part  of  the  bladder,  whitli  is 
directed  towards  the  pelvic  floor,  changes,  as  we  have  seen,  but  sliglitly  with  the 
varying  amount  of  distension  of  the  bi;  -  ■  ;x- 

viscus.     When  the  organ  has  been  ^  '  * 

carefully  hardened  before  its  removal  '  ' 

from  the  body,  it  is  possible  to  map  out 
on  its  under  aspect  three  convex 
triangular  areas  which  may  be  distin- 
guished from  one  anotlier  by  the  direc- 
tions in  which  they  look.  The  three 
areas  approach  one  another  in  the 
region  of  the  urethral  orifice,  where, 
in  the  male,  a  portion  of  the  under 
aspect  of  the  liladder  wall  is  structur- 
ally continuous  with  the  upper  part 
of  the  prostate.  Behind  the  urethral 
orifice  is  a  triangular  district,  directed 
downwards  and  l  )ackwards,  and  related, 
iri^the  male,  to  the  seminal  vesicles 
and  the  terminal  portions  of  the  vasa 
deferentia  which,  together  with  the  recto -vesical  layer  of  the  pelvic  fascia, 
intervene  lietween  this  part  of  the  bladder  and  the  rectum.  This  triangular 
area  of  the  bladder  wall  is  known  as  the  base,  or  postero-inferior  surface  of  the 
bladder,  and  iyi  the  female  is  directed  against  the  anterior  wall  of  the  vagina. 
The  rest  of  the  under  aspect  of  the  liladder  is  formed  by  two  infero-lateral  areas, 
or  surfaces,  which  meet  in  the  middle  line  in  front  of  the  urethral  orifice,  and  are 
directed  for  the  most  part  downwards  and  outwards  (see  Fig.  739).  Each  of  these 
areas  extends  backwards  to  join  the  postero-inferior  surface,  or  base,  along  a 
rounded  border  which  lies  between  the  point  where  the  ureter  reaches  the  bladder 
and  the  urethral  orifice.  The  infero-lateral  part  of  the  bladder  wall  rests  against 
the  fascia  covering  the  levator  ani  and  oliturator  internus  muscles,  and,  nearer  the 
middle  line,  upon  the  puliis  and  retro-pul)ic  pad  of  fat. 

The  three  rounded  liorders  which  mark  off  the  three  triangular  areas  on  the 
under  aspect  of  the  bladder,  just  described,  extend  from  the  region  of  the  urethral 
orifice  to  the  bladder  apex,  and  to  the  points  where  the  ureters  reach  the  liladdt^r 
wall  (see  Fig.  739). 

Shape  and  Relations  of  the  Empty  Bladder. — When  th'e  l)ladder  is  empty, 
or  nearly  so,  it- has,  roughly  spealving,  tlie  shape  of  an  inverted  tetrahedron,  whose 
apex  corresponds  to  the  point  where  the  urethra  leaves  the  organ,  while  the  base 
of  the  tetrahedron  is  formed  by  the  superior  surface  of  the  bladder.    The  three 


-Lateral  border 

Infero-Iatcrsl 

area 

Area  continuous 
with  prostate 


Base  of  bladder 


Ureter 


Fk!.  739. — Under  Aspect  of  the  empty  Male  Bladder 
from  a  subject  in  which  the  viscera  liad  been  liav- 
flened  in  situ. 

The  prcstate  has  been  severeil  from  the  bladder,  and  the 
wliite  area  in  the  drawing  indicates  the  position 
wliere  the  two  structures  were  continuous. 
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Ureter 


to  the  Ijladder  a|)e,x  and  to  the  two 
(ladder  or  points  where  the  ureters  join  the  organ.  The  three 
surfaces,  which  lueet  interiorly  at  the 
urethral  orifice,  are  only  marked  off 
from  one  another  by  rounded  borders, 
ljut  as  long  as  the  organ  is  empty,  or 
nearly  so,  they  are  separated  by  dis- 
tinct ])orders  from  the  superior  sur- 
face. These  three  areas  have  l)een 
already  described  as  the  infero-lateral 
surfaces  and  the  ))ase  of  the  bladder. 
Their  relations  have  also  been  in- 
dicated (Figs.  and  740).  The 
superior  surface  of  the  empty  bladder 
looks  upwards  into  the  pelvic  cavity;  it 
is  convex  when  the  organ  is  contracted, 
concave  when  relaxed.  This  surface 
is  covered  by  peritoneum,  and  its  out- 
Fic.  740.-THE  Bladdek,  Prostate,  and  Seminal  line,  which  is  approximately  triangular. 
Vesicles,  viewed  fh()m  below.  is  determined  Ity  lateral  and  posterior 
Drawn  from  a  subject  in  which  tlie  viscera  were  hardened   borders  (Fig.  748).     The  lateral  borders 

specimen  as  figure  741,  A.  The  of   ^1,^   empty  bladder   are  sharply 

marked,  and  extend  from  the  bladder 
apex  to  the  lateral  angles  of  the  bladder,  or  points  where  the  ureters  join  the  organ. 
The  lateral  liorders  separate  the  superior  from  the  infero-lateral  portions  of  the 
under  aspect  of  the  bladder  wall  (Fig.  741,  A).  The  posterior  border  stretches  across 
between  the  lateral  angles  of  the  l)ladder,  and  separates  the  superior  from  the  basal 
surface  of  the  viscus.  The  superior  surface  is  related  in  the  male  to  coils  of  intestine  ; 
in  the  female  it  is  also  related  to  the  anterior  surface  of  the  uterus.  The  lateral 
border  of  the  empty  bladder  lies  against  the  pelvic  fascia  just  above,  or  at  the  level  of, 
the  upper  limit  of  the  levator  ani  muscle.  The  vas  deferens  crosses  the  side  wall  of 
the  pelvis  parallel  to  it,  Init  at  a  considerably  higher  level.    In  mesial  section  the 


Vas 
(l(?ferPiis 


Seminal  vesicle 


situ.  Same 
Idadder  contained  but  a  small  amount  of  tlnid. 


SHininal  ( 

vesicle 


Lateral  aspect 
of  prostate 


Infero-lateral 
area  of  lilaclder 


Urethra 


Fic.  741. — The  Blaudeu,  Pro.state,  and  Seminal  Vesicle,  viewed  from  the  Outer  Side. 

Drawn  from  specimens  in  whicli  the  viscera  were  hardened  before  remo\'al  from  the  body.  In  A  the  blailder 
contained  but  a  very  small  quantity  of  fluid  ;  in  B  the  quantity  was  somewliat  greater.  In  A  the 
peritoneum  is  shown  covering  the  upper  surface  of  the  bladder,  and  its  cut  edge  is  seen  wheie  it  is 
reflected  along  the  lateral  border  of  the  organ.  In  B  the  level  of  the  peritoneal  reflexion  is  indicated 
by  a  dotted  Hue. 

cavity  of  the  empty  and  relaxed  bladder  often  presents  the  appearance  of  a  Y-shaped 
chink,  the  stem  of  the  Y  being  represented  liy  the  urethra  as  it  leaves  the  organ, 
and  the  two  limbs  by  the  narrow  intervals  between  the  superior  surface  and  the 
under  parts  of  the  l)ladder  wall  which  lie  in  front  of  and  behind  the  urethral 
orifice.  This  relaxed  form  is  sometimes  described  as  the  diastolic  condition  of  the 
empty  bladder,  and  is  found  associateeV  with  a  bladder  wall  of  ))ut  little  thickness, 
and  a  concave  upper  surface.    The  condition  is  usually  the  result  of  an  escape  of 
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fluid  after  de.atli,  wheu  the  bladder  wall  has  lost  the  power  of  contracting.  It 
certainly  does  not  represent  a  normal  condition  of  the  organ  in  the  living. 
The  normal  empty  bladder  is  strongly  contracted,  and  its  wall  is  thick  and 
firm.  A  distinctly  Y-shaped  appearance  is  not  presented  by  its  cavity  in  mesial 
section,  l)ut  the  interior  of  the  organ  is  seen  as  a  simple  narrow  interval  continuous 
with  the  canal  of  the  urethra. 

Distended  Bladder. — As  the  l)ladder  fills  with  fluid  the  superior  wall  is 
raised  upwards  from  the  intero-lateral  and  basal  walls,  and,  at  the  same  time,  the 
borders  separating  the  suY)erior  from  the  other  surfaces  of  the  l)ladder  become  at 
first  more  rounded  and  then  oljliterated.  The  lateral  borders  of  the  l)ladder, 
becoming  in  this  manner  opened  out,  give  rise  to  so-called  lateral  surfaces  in  the 


Fig.  742. — The  Bladder,  and  the  Structures  traversed  by  the  Urethra  in  the  Male, 
viewed  from  the  outer  side.    The  bladder  has  been  artificially  distended. 

distended  organ.  These  surfaces,  however,  are  not  sharply  marked  oif  from  the 
infero-lateral  surfaces,  and  are  directly  continuous  with  the  superior  surface.  Dur- 
ing distension,  also,  the  angles  present  in  the  empty  condition  of  the  organ  become 
rounded  as  the  entire  bladder  wall  becomes  more  uniformly  convex.  In  mesial 
section  the  cavity  of  the  bladder  becomes  circular  or  oval  in  outline,  and. the  highest 
part  of  the  bladder,  when  much  distended,  lies  at  some  distance  above  the  pelvic 
brim.  The  highest  part  of  the  distended  bladder  does  not  correspond  to  the  attach- 
ment of  the  urachus  at  the  apex,  but  lies  liehind  this  poiilt  (Fig.  742).  As  the 
superior  wall  of  the  l)ladder  is  raised  up  it  carries  with  it  the  peritoneum,  and  thus 
the  reflexion  of  that  membrane,  from  the  anterior  abdominal  wall  on  to  the  apex  of 
the  l)ladder  comes  to  lie  one  and  a  half  inches,  or  even  higher,  above  the  upper  margin 
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of  the  symphysis  pu})is  (Fig.  738).  Thus  it  is  possible,  when  the  organ  is  distended, 
to  puncture,  or  open  into  the  bladder,  through  the  anterior  abdominal  wall  above 
the  symphysis  pubis,  without  at  the  same  time  opening  into  the  peritoneal  cavity. 
In  the  same  manner  the  line  of  reflexion  of  the  peritoneum,  from  tlie  side  wall  of 
the  pelvis  on  to  the  lateral  aspect  of  the  Itladder,  is  also  raised  higher,  and  may 
come  to  correspond,  in  part,  to  the  level  of  the  vas  deferens,  or  to  tliat  of  the 
ol)literated  hypogastric  artery  (Figs.  742  and  743).  On  the  other  hand,  the  level  of 
the  reflexion  of  the  peritoneum  from  tire  rectum  towards  the  basal  aspect  of  the 
1)ladder  does  not  appear  to  vary  much  witli  the  distension  or  contraction  of  the  organ 
(compare  Figs.  737  and  738),  and  thus  the  fossa  lietween  the  l)ladder  and  rectum 
becomes  relatively  very  deep  wlien  the  bladder  is  full.  The  l)ladder  in  normal 
distension  may  contain  as  miich  as  one  pint,  but  in  most  cases  the  Idadder  is 
emptied  when  its  contents  reach  from  six  to  ten  ounces.  Undfer  abnormal  or  patho- 
logical conditions  the  Itladder  capacity  may  be  much  increased. 

Varying  Relationships,  according  to  the  degree  of  Distension  of  the  Bladder. 
— When  the  1  (ladder  is  distended  the  oltliterated  hypogastric  artery  may  cross 
forwards  against  its  side  ;  when  it  is  empty  tlie  oliliterated  vessel  lies,  at  its  nearest 


Deef) 


Fio..  743. — View  looking  into  the  Pelvis  from  above  and  somewhat  behind. 
The  bladder  has  been  artifiuially  disteuded. 


point,  often  as  much  as  one  and  a  (piarter  inclies  above  the  lateral  border  of  the 
organ  (Figs.  736  and  742).  The  vas  deferens,  during  a  part  of  its  course,  is  in  contact 
with  the  side  wall  of  the  distended  bladder,  but  when  the  organ  is  empty  it  lies 
above  and  parallel  to  the  lateral  border,  only  coming  into  relationship  with  the 
liasal  surface  of  the  bladder  after  it  has  crossed  the  ureter.  The  side  wall  of  the 
distended  liladder  is  closely  related  to  the  obturator  vessels  and  nerves. 

Bladder  in  the  Female.  —  In  the  female  the  bladder  is  related  behind  to 
the  uterus  and  upper  part  of  the  vagina.  The  anterior  surface  of  the  uterus  in  its 
upper  part  is  separated  from  the  upper  surface  of  the  bladder  by  the  shallow  utero- 
vesical  pouch  of  peritoneum,  but  the  two  organs  are  nevertheless  normally  in 
apposition.  So  close  is  this  relationship  that  the  upper  surface  of  the  bladder  very 
often  shows  a  slight  concavity,  due  to  contact  with  the  convex  anterior  wall  of  the 
uterus.  The  lower  part  of  the  uterus  and  upper  part  of  the  vagina  are  not 
separated  l)y  peritoneum  from  the  basal  surface  of  the  bladder,  but  are  in  actual 
apposition  with  it  (Fig.  744).  Thus,  below  the  level  of  the  utero-vesical  pouch,  the 
female  bladder  is  related  in  much  the  same  manner  to  the  uterus  and  anterior  wall 
of  the  vagina  as  the  male  bladder  is  related  to  the  vesicuhie  seminales  and  vasa 
deferentia.  The  apex  of  the  bladder,  where  the  urachus  is  attached,  often  lies  on  a 
lower  level  than  in  the  male,  so  that  the  organ,  even  when  distended,  rises  less 
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freely  into  the  abdomen.     The  bladder  as  a  whole  is  placed  deeper  in  the  pelvis 


Cavity  of  ute  tis 


Cavity  of. 
bladder 
Labium  anterin.s 
(cervix  uteri) 
Symfihysis  pubis 


Urethra 


Labium  niinuf 


Labium  posterius 
(cervix  uteri) 

■Recto- vaginal 
reflexion  of 
peritoneum 


Vaginal  canal 


Anal  canal 
7~  J-  Spliincter  ani 


Ureter 


Vas  deferens 


Fia.  744. — Mesial  Section  of  the  Pelvis  in  an  Addlt  Female., 
The  cavity  of  the  uterus  is  indicated  diagrammatically.    From  a  specimen  in  the  Anatomical  Department, 

Trinity  College,  Dublin. 

than  in  the  male,  and  the  internal  urethral  oritiee  lies  just  above  or  just  lielow  a 
line  drawn  from  the  lower  margin  of 

the  symphysis  to  the  lower  end  of  the  es-.*  uracims 

sacrum  (p.  1093).  The  lower  level  of 
the  internal  urethral  orifice  is  prob- 
ably correlated  with  the  absence  of 
the  prostate  in  the  female.  The  female 
Ijladder  has  normally  a  smaller  capacity 
than  that  of  the  male. 

Bladder  in  the  Newly-born  Infant 
and  in  the  Child.  —  At  birth  the 
etapty  l)ladder  is  spindle  or  torpedo- 
shaped,  and  its  long  axis,  which  ex- 
tends from  the  point  of  attachment  of 
the  urachus  to  the  internal  urethral 
orifice,  is  directed  downwards  and  l^ack- 
wards  (Fig.  745).  The  lateral  and  pos- 
terior borders  seen  in  the  adult  organ 
cannot  Ije  recognised  at  birth.  In  the  fffitus  and  young  child  the  bladder 
occupies  relatively  a  much  higher  level  than  it  does  in  the  adult,  and,  even  when 


Pi-ostate 


Musculus  pubo-vesicalis 
Urethra 


Fig.  74.5. — The  Bladdeh  of  a  newly-born  Male 
Child,  viewed  from  the  outer  side. 
The  drawing  is  from  a  specimen  which  had  lieeu 
hardened  hi  situ. 
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empty,  it  extends  u])\vanls  into  the  alHlomiiial  cavity.  Its  anterior  aspect  is  in 
contact  witli  the  ])osterior  surface  of  the  anterior  abdominal  wall.  At  hirth  the 
peritoneum  forming  the  recto-vesieal  pouch  covers  the  whole  of  the  posterior  sur- 
face of  the  l)la(lder,  and  reaches  as  low  as  the  upper  limit  of  the  prostate.  The 
internal  urethral  orifice  is  placed  at  a  high  level,  and  sinks  gradually  after 
birth  (Fig.  74(j,  A).    In  the  newly-born  child  this  opening  lies  on  a  level  with  the 

upper  margin  ( )f  tlie 
symphysis  puliis, 
and  the  openings 
of  the  ureters  lie 
almost  on  a  level 
with  the  plane  of 
the  pelvic  brim. 
The  obliterated 
hypogastric  arteries 
are  more  intimately 
related  to  the 
bladder  in  the  fcetus 
and  child  than  in 
the  adult,  and  lie 
close  against  its 
sides  as  they  pass 
upwards  towards 
the  umbilicus 
(Fig.  757). 

Interior  of 
the  Bladder. — The 
mucous  memltrane 
lining  the  bladder 
is  but  loosely  con- 
nected to  the  mus- 
cular coat, and  when 
the  bladder  is  con- 
tracted the  mucous 
is  thrown 
number  of 
prominent  wrinkles 
or  folds  (Fig.  747). 
At  one  place  only 
the  mucous  mem- 
l)rane  is  firmly  con- 
nected to  the  sub- 
jacent muscular 
coat,  and  the  inner 
surface  of  this  part 
of  the  bladder  wall 
is  smooth  and  free 
from  wrinkles, 
a  triano'ular  surface 
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Fig.  746. — Mesial  Section  through  the  Pelvis  of  newly-born  Child. 

A,  Male,  and  B,  Female.    From  preparations  in  the  Anatomical  Department, 
Trinity  College,  Dublin. 


This  smooth  area,  called  tlie  trigonum  vesicae,  corresponds  to 
l)ehind  tlie  urethral  orifice  and  to  tlie  part  of  the  liladder  wall  whicli  immediately 
surrounds  the  opening.  The  base  of  the  triangle  is  formed  by  a  line  drawn 
lietween  the  openings  of  the  ureters  into  the  l)ladder,  and  the  apex  lies  at  the 
lieginning  of  the  urethra.  Just  behind  the  urethral  opening  the  bladder  wall 
bulges  slightly  into  the  cavity,  owing  to  the  presence  beneath  it  of  the  middle 
lobe  of  the  prostate.  When  well  marked,  as  it  often  is  in  old  people,  this  elevation 
is  termed  the  uvula  vesicae.  Stretching  across  between  the  openings  of  the  ureters 
there  is  usually  to  be  seen  a  smootli  curved  ridge,  which  is  due  to  the  presence  of 
a  bundle  of  transversely-disposed  muscle  fibres  within  this  part  of  the  bladder  wall, 
beneath  the  mucous  membrane.    The  lateral  portions  of  this  ridge  are  called  the 
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plicae  uretericse 

traverse!  the  lil 
minute  radially 


and  are  ])r()dueed  l)y 
ulder  wall  (Fiy.  747). 

lisposed   Inlds  wliich,  disappearing  into  the  urethra,  l)ecome 


the  terminal  parts  of  tlie  ureters  as  they 
Eound  the  urethral  oritice  are  a  numljer  of 


continuous  with  the  longitudinal 
folds  of  the 
of  the  first 
The  ureters 
wall  very 
the  miniite 


mucous  memhrane 
part  of  that  canal, 
pierce  the  1  tiadder 
oliliquely,  and  so 
opening  (orificiuni 
ureteris)  of  each  has  an  elliptical 
outline.  In  the  empty  1  (ladder 
the  urethral  orifice  and  the  open- 
ings of  the  two  ureters  lie  at 
the  angles  of  an  approximately 
equilateral  triangle,  wiiose  sides 
are  about  one  inch  in  length. 
When  the  bladder  is  distended, 
the  distance  between  the  open- 
ings may  be  increased  to  one  and 
a  half  inches  or  more. 

Peritoneal  Relations  and  Connexions 
seen  that  the  superior  surface  of  the  empty 


coat 


Ridge  coiiiifctiiig  ureters 


Fl(!.  747. 


View  of 


THE  INTERIOU  of  THE  Bl.ADDEH  IN  THE 
OF  THE  UhETHRAL  ORIFICE. 


of  the  Bladder. — We  have  already 
ladder  is  covered  by  peritoneum,  which 
leaves  it  along  the  lateral  border  on  each  side  to  reacih  the  pelvic  wall  about  the 
level  of  the  white  line  (arcus  tendineus)  of  the  pelvic  fascia.  To  this  peritoneal 
reflexion  the  term  lateral  false  (or  peritoneal)  ligament  is  usually  ap])lied.  The 
lateral  ligaments  of  o})posite  sides  are  continuous  in  front  at  the  bladder  apex,  in 
which  position  the  peritoneum  is  conducted  over  the  fibrous  cord  of  the  urachus  to 
reach  the  anterior  abdominal  wall,  forming  the  so-called  anterior  false  (or  peritoneal) 
ligament.  When  the  bladder  is  empty  the  level  of  this  anterior  reflexion  lies  just 
behind  or  just  l)elow  the  upper  margin  of  the  symjihysis  pubis.  When  the  bladder 
becomes  filled  the  level  of  the  peritoneal  reflexion  forming  the  anterior  false  ligament 
is  raised  upwards,  and  may  reach  a  point  two  inches  or  more  above  the  upper  margin 
of  the  symphysis  pubis.  Similarly,  the  line  along  which  the  lateral  peritoneal 
ligament  reaches  the  pelvic  wall  is  also  carried  upwards  in  distension  of  the  bladder, 
and  may  reach  the  level  of  the  vas  deferens  or  of  the  obliterated  hypogastric  artery. 

When  the  bladder  is  empty  the  peritoneum  is  carried  downwards  upon  the  side 
wall  of  the  pelvis  as  low  as  the  lateral  border  of  the  organ,  and  lines  a  groove  or 
depression  in  this  position  which  receives  the  name  of  paravesical  fossa.  As  the 
bladder  fills  the  peritoneum  is  raised  off  this  fossa,  and  certain  structures,  such  as 
the  obturator  vessels  and  nerves  and  the  vas  deferens,  which  lie  iu  the  floor  of  the 
fossa,  come  into  direct  relationship  with  the  side  wall  of  the  distended  bladder. 

Posteriorly  the  peritoneum  leaves  the  upper  surface  of  the  empty  l)ladder  at  its 
posterior  l:)order,  and  is  carried  backwards,  forming  a  kind  of  horizontal  shelf  or 
fold  for  a  distance  of  about  half-an-inch,  giving  at  the  same  time  a  partial  cover- 
ing to  the  vasa  deferentia  and  upper  ends  of  the  seminal  vesicles.  The  peritoneum 
then  suddenly  dips  downwards  to  reach  the  bottom  of  the  recto- vesical  pouch, 
where  it  is  reflected  on  to  the  anterior  surface  of  the  rectum  (Fig.  749).  As  a  rule, 
no  part  of  the  l)asal  surface  of  the  contracted  and  empty  Itladder  receives  a  cover- 
ing from  the  peritoneum,  since  tlie  seminal  vesicles  and  terminal  portions  of  the 
vasa  deferentia  intervene  as  they  lie  in  the  anterior  wall  of  the  recto-vesical  pouch. 
When  the  bladder  is  distended  the  posterior  border,  separating  tlie  upper  and  basal 
surfaces,  is  rounded  out,  and  the  peritoneum  forming  the  horizontal  shelf,  just 


described,  is  taken  up  (compare 


Figs. 


'36  and  738).    It  is  to  be  specially  noted 


that  the  level  of  the  peritoneal  reflexion,  forming  the  •bottom  of  the  recto-vesical 
pouch,  does  not  alter  to  any  considerable  extent  in  distension  of  the  1  (ladder 
(Figs.  737  and  738). 

An  exaniiiiation  of  mesial  section!?  of  tlie  pelvis  shows  the  great  danger  run  by  the  ampnlla3 
of  the  vasa  deferentia  in  the  operation  of  jiunctnring  the  bladder  through  the  anterior  wall  of  the 
rectum,  while  avoiding  at  the  same  time  injury  to  the  peritoneum. 
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The  term  posterior  false  (or  peritoneal)  ligaments  is  often  applied  to  the  some- 
what variable  crescentic  folds  of  peritoneum  which  bound  the  entrance  to  the 
recto-vesical  pouch  on  each  side,  and  which  often  l)ecome  continuous  across  the 
middle  line,  behind  the  posterior  l  )order  of  the  bladder  and  the  vasa  deferentia.  They 
represent  the  folds  of  Douglas  in  the  female,  and  are  to  be  looked  upon  as  eon- 

Uracliiis 


Vh:.  748. — View  lookin(;  into  the  Male  Pelvis  from  above  and  somewhat  behin.u. 

Kiom  a  specimen  in  which  the  bladder  was  firmly  coutracteil  and  contained  but  a  small  amount  of  fluid.  The 
paravesical  fossa  is  .seen  on  each  side  of  the  bladder.  The  deep  peritoneal  poucli  in  front  of  the  rectum 
is  bounded  by  marked  crescentic  fohls,  which  meet  together  some  distance  behind  the  posterioi- 
border  of  the  bladder. 

nexions  of  the  vasa  deferentia  rather  than  of  the  bladder.  Tlie  folds  are  seen  in 
Figs.  748  and  749. 

In  the  female  the  peritoneum  is  reflected  from  tho.  upper  surface  of  the  );)lHdder 
posteriorly  on  to  the  anterior  aspect  of  the  uterus. 

The  peritoneum  covering  the  upper  surface  of  the  empty  or  partly  distended  bladder 
often  exhibits  a  transversely -disposed,  fold  or  wrinkle,  to  which  the  term  plica  vesicalis 
transversa  has  been  applied.  This  fold,  when  well  developed,  can  be  traced  on  to  the 
side  wall  of  the  pelvis,  whei'e  it  traverses  the  fossa  pai'avesicalis,  and  in  some  cases  it  is 
found  to  cross  the  pelvic  brim  and  to  be  dii-ected  towards  the  internal  alidominal  ring 
(Figs.  748  and  749). 

Fixation  of  the  Bladder. — When  the  fibrous  cord  of  the  urachus  (ligamentum 
umbilicale  medium),  which  binds  the  bladder  apex  to  the  anterior  abdominal  wall 
and  the  peritoneal  folds,  already  described  as  the  false  ligaments,  are  severed,  the 
bladder  is  easily  moved  about,  except  in  its  lower  and  basal  parts.  The  lower  fixed 
part  is  chiefly  held  in  place  by  processes  of  the  pelvic  fascia,  continuous  with  those 
forming  the  ca.psule  of  the  prostate.     The  fascial  connexions  constitute  the  true 
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ligaments  of  the  bladder,  and  are  described  as  pubo-prostatic  or  anterior  ligaments, 
reacliing  the  bladder  from  tlie  pubis  in  front,  and  lateral  ligaments,  reaching  the 
bladder  from  the  fascial  lining  of  the  side  wall  of  the  pelvis. 

In  addition  to  the  urachns  and  the  peritoneal  and  true  ligaments  already 
mentioned,  the  bladder  is  supported  and  fixed  in  position,  in  the  region  of  its 

Vesical  artery  First  sacral  ^  ertebra 


Pig.  749. — Mesial  Section  of  the  Pelvis  in  an  Adult  Male. 

The  foils  of  snuill  intestine  which  hiy  within  tlie  jjelvis  have  been  lifted  out  in  order  to  give  a  view  of  the  side 
wall  of  the  pelvic  cavity.  The  peritoneum  is  coloured  blue.  The  separation  of  the  prostate  from  the 
bladder  is  indicated  somewhat  diagranimatioally. 


basal  surface,  by  the  dense  fibrous  and  unstriped  muscular  tissue  which  sur- 
rounds the  seminal  vesicles,  the  terminal  portions  of  tlie  vasa  deferentia,  and  the 
ureters. 

Laterally  the  stiauds  of  connective  tissue  aud  the  bundles  of  muscle  fibres  forming  this  sup- 
povt  pass  backwards  to  gain  attachment  to  the  fascia  in  connexion  ^\•itl^  the  rectum,  and  the 
front  of  the  sacrum.  Muscle  fibres  connected  with  the  bladder  wall  are  also  found  within  the 
pubo-prostatic  ligaments,  through  which  they  are  attached  to  the  pubis. 

Tn  the  female  the  l)asHl  part  of  the  bladder  wall  is  supported  and  held  in  place 
by  its  connexion  with  the  anterior  wall  of  the  vagina.  The  region  of  the  urethral 
orifice  is  the  most  firmly  fixed  part  of  the  1  (ladder  wall  in  both  sexes. 

Structure  of  the  Bladder.  -The  wall  of  the  bladder  from  without  inwards  is  com- 
posed of  a  serous,  a  muscular,  a  submucous,  and  a  mucoUs  coat.  The  serous  coat  (tunica 
serosa),  formed  by  peritoneum,  is  incomplete,  aud  covers  only  the  upper  aud  posterior 
parts  of  the  distended  bladder  (Fig.  742). 

The  muscular  coat  (tunica  muscularis)  is  composed  of-  three  imperfectly  separated 
strata,  called  external,  middle,  aud  internal.  The  external  stratum  (stratimi  externum), 
in  the  middle  line  of  the  organ,  is  made  up  of  longitudinally-directed  bundles  of  muscle 
fibres.  These  have  an  attachment  in  front  to  the  lower  part  of  thd  back  of  the  symphysis 
pubis,  where  they  constitute  the  musculus  pubo-vesicalis.  Further  from  the  middle  line 
(on  the  sides  of  the  bladder)  the  fibres  composing  the  external  stratum  run  more  obliquely, 
and  frequently  cross  each  other.    The  middle  stratum  (stratum  medium)  is  composed  of 
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muscle  fibres  which,  near  the  urethral  orifice,  ruu  circularly  iu  a  horizontal  direction. 
These  form  a  distinct  layer  over  the  base  of  the  bladder  and  iu  the  region  of  the  urethral 
orifice,  but  elsewhere  the  bundles  of  fibres  are  separated  from  one  another  by  considerable 
intervals,  and  are  directed  obliquely.  The  circular  fibres  in  the  region  of  the  urethral 
orifice  are  sometimes  described  as  forming  a  sphincter  vesicae.  The  inner  stratum 
(stratum  internum)  is  a  thin  layer  of  fibres  directed  for  the  most  part  longitudinally. 

The  submucous  coat  (tela  submucosa)  is  composed  of  areolar  tissue,  Init  contains 
numerous  fine  clastic  fibres. 

The  mucous  coat  (tunica  mucosa)  is  loosely  attached,  through  the  submucous  layei',  to 
the  subjacent  nuiscular  coat,  except  over  the  trigonum  vesica;.  Over  the  trigonum  it  is 
always  smooth  and  flat ;  elsewhere  it  is  thrown  into  folds  when  the  organ  is  empty.  The 
mucous  membrane  of  the  bladder  is  continuous  with  that  of  the  ureters  and  urethra.  The 
epithelium  covering  it  varies  much  in  appearance  in  different  conditions  of  the  organ,  and 
is  of  the  variety  known  as  transitional  stratified  epithelium. 

Vessels  and  Nerves  of  the  Bladder. — Tlie  bladder  receives  it.s  Ijlood  sujjply  on  each  side 
tVom  the  superior  and  inferior  vesical  arteries.  The  sujierior  vesical  artery  arises  from  the 
pervious  part  of  tlie  hypogastric  ai'tery,  and  the  inferior  vesical  from  the  internal  iliac.  The 
largest  veins  are  found  just  above  the  prostate,  and  iu  the  region  where  the  ureter  reaches  the 
Ijladder.  They  form  a  dense  plexus  which  poiu's  its  blood  into  tributaries  of  the  internal  iliac 
vein,  and  comnuniicates  below  witli  the  prostatic  plexus.  The  lymphatics  from  the  Ijladder  join 
the  iliac  group  of  glands. 

The  nerve  suppl}'  of  the  bladder  is  derived  on  each  side  from  the  vesical  plexus,  the  fibres  of 
which  come  from  two  sources,  iiamely  (1)  from  the  upper  lumbar  nerves  through  the  hy])ogastric 
plexus,  and  (2)  from  the  third  and  fourth  sacral  nerves.  The  fibres  from  the  latter  souri'es 
join  the  vesical  plexus  directly. 

THE  URETHRA. 

The  urethra  is  the  channel  which  serves  to  convey  tlie  urine  from  the  bliulder 
to  the  exterior.  In  the  male  it  consists  of  two  portions,  a  proximal  part,  less  than 
one  inch  iu  length,  extending  from  the  bladder  to  the  points  where  the  ducts  of 
the  reproductive  glands  join  the  canal,  and  a  much  longer  distal  portion  whicli 
serves  as  a  common  passage  for  the  secretion  of  the  kidneys  and  for  the  generative 
products.  An  account  of  the  male  urethra  follows  the  description  of  the  male 
reproductive  glands  and  passages  (see  p.  1119).  In  the  female  the  uretlira  is  more 
simple  in  its  arrangement,  and  represents  only  the  proximal  part  of  the  male 
uretlira.  It  is  a  short  passage  leatling  from  the  bladder  to  the  external  urethral 
orifice — an  aperture  placed  within  the  urogenital  cleft  immediately  above  and  in 
front  of  the  opening  of  the  vagiiui. 

Female  Urethra. — The  female  urethra  (urethra  niuliebris)  is  a  canal  of  one 
to  one  and  a  half  inches  in  length,  which  follows  a  slightly  curved  direction  down- 
wards and  forwards,  l)elow  aiul  behind  the  lower  Ijorder  of  the  symphysis  pubis.  As 
it  leaves  the  pelvis  the  urethra  pierces  the  triangular  ligament,  and  the  part  of  the 
passage  which  lies  between  the  deep  and  superficial  layers  of  this  ligament  is  sur- 
rounded by  the  fibres  of  the  compressor  urethrcB  muscle.  Except  during  the  passage 
of  fluid  tlie  canal  is  closed  by  the  apposition  of  its  anterior  and  pt)Sterior  walls. 
The  external  orifice  (orificium  urethra;  externum)  is  placed  between  the  labia 
minora,  immediately  iu  front  of  the  opening  of  the  vagina,  and  lies  about  one  inch 
below  and  behind  the  clitoris  (Fig.  778).  The  opening  is  slit-like,  and  is  bounded  by 
slightly  marked  lateral  lips.  The  posterior  wall  of  the  uretlira,  except  in  its  upper 
part,  is  intimately  connected  with  the  anterior  wall  of  the  vagina.  The  mucotis 
lining  of  the  canal  is  raised  into  a  number  of  slight!}'  marked  longitudinal  folds,  one 
of  which,  more  distinct  tlian  the  others,  and  placed  upon  the  ])()Sterior  wall  of  the 
passage,  receives  the  name  of  crista  urethralis. 

Structure. — The  muscular  coat  of  the  urethra  (tunica  nmscularis)  is  continuous  above 
with  that  of  the  bladder,  and  composed  of  layers  of  circularly  and  longitudinally  disposed 
muscle  fibres.  Within  the  nuiscular  coat  the  wall  of  the  urethra  is  very  vascular,  and  the 
canal  itself  is  lined  by  a  pale  mucous  membrane  which  is  thrown  into  longitudinally- 
directed  folds,  one  of  which  is  the  crista  urethralis  mentioned  above.  The  epithelium  of 
the  canal,  in  its  upper  part,  is  of  the  transitional  variety,  like  that  of  the  l)ladder ;  in  its 
lower  part,  however,  it  becomes  scaly.    Numerous  mucous  glands  (glandulsc  urethrales) 
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open  into  the  urethral  canal.  One  group  of  these  mucous  glands  possesses  a  mniute 
common  duct  (ductus  paraurethralis),  which  opens  into  the  urogenital  cleft  by  the  side  of 
the  urethral  orifice.    The  vascular  layer  which  lies  between  the  muscular  coat  and  the 


Fig.  750. — Mesial  Section  of  the  Female  Pelvis. 
The  cavity  of  the  uterus  is  shown  somewhat  diagrammatically.    Fvoni  a  specimen  in  tlie 
Anatomical  Department,  Trinity  College,  Dublin. 

mucous  membrane  contains  elastic  fibres,  and  in  appearance  resembles  erectile  tissue. 
Striped  muscle  fibres  are  also  found  in  connexion  with  the  female  urethra,  and  are 
especially  plentiful  in  the  lower  part  of  the  anterior  wall  of  the  passage. 


THE  MALE  REPRODUCTIVE  ORGANS. 

We  have  here  to  describe  (1)  the  testes  or  essential  reproductive  glands  of  the 
male,  together  with  their  (2)  coverings  and  (3)  ducts,  (4)  the  prostate,  (5)  Cowper's 
glands,  (6)  the  external  genital  organs,  and  (7)  the  male  urethra. 

The  reproductive  glands  of  the  male,  or  testes,  are  a  pair  of  nearly  symmetrical 
oval-shaped  bodies  situated  in  the  scrotum.  The  duct  of  each  giaud,^  at  first 
much  twisted  and  intertwined,  forms  a  structure  known-  as  the  epididymis,  which 
is  applied  against  the  posterior  and  outer  part  of  the  testis.  From  the  epi- 
didymis the  excretory  duct  or  vas  deferens  passes  upwards  towards  the  lower  part 
of  the  anterior  abdominal  wall,  which  it  pierces  very  obliquely,  to  enter  the 
alxlominal  cavity.  Here  each  vas  deferens  is  covered  hj  peritoneum,  and,  crossing 
the  pelvic  brim,  enters  the  pelvis.    The  vas  now  runs  on  the  side  wall  of  the 
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pelvis  towards  the  base  of  the  bladder,  where  it  comes  into  relation  with  a 
branched  tubular  structure  termed  the  vesicula  seminalis.  Joined  by  the  duct  of 
the  vesicula  seminalis^  the  vas  deferens  forms  a  short  canal  called  the  common 
ejaculatory  duct,  which  teiiuinates  l)y  opening  into  the  prostatic  part  of  the  urethra. 
The  prostate,  a  partly  glandular,  partly  muscular  structure,  surrounding  the  first 
part  of  the  urethra,  and  also  a  pair  of  small  glandular  bodies  called  Cowper's  glands, 
are  accessory  organs  connected  with  the  male  reproductive  system.  The  ducts  of 
Cow]^^)er's  glands  and  those  of  the  prostate,  like  the  common  ejaculatory  ducts,  open 
into  the  urethra,  which  thus  serves  not  only  as  a  passage  for  urine,  l)ut  also  for  the 
generative  products.    The  external  genitals  are  the  penis  and  scrotum. 


THE  TESTIS. 

The  male  reproductive  glands  or  testes  are  a  pair  of  somewhat  oval,  slightly 
flattened  l)odies  of  a  whitish  colour,  measurino-  a))out  an  inch  and  a  half  in  lenwth, 
one  inch  from  before  backwards,  and  rather  less  in  thickness.  Each  testis  or  testicle 
is  placed  within  the  cavity  of  the  scrotum  in  such  a  manner  that  its  long  axis  is 
directed  upwards,  slightly  forwards,  and  outwards.  The  left  testis  occupies  a  some- 
what lower  level  than  the  right.  The  testis  (Fig.  751)  has  two  somewhat  flattened 
surfaces,  one  of  which,  called  the  outer  surface  (facies  lateralis),  looks  outwards  and 
l)ackwards  ;  while  the  other,  or  in7ier  surface  (facies  medialis),  looks  inwards  and  for- 
wards. These  two  surfaces  are  se})arated  by  two  rounded  borders.  Of  these  the 
anterior  border  (margo  anterior)  is  the  more  convex,  and  is  free,  while  the  posterior 
border  (margo  posterior)  is  less  rounded,  and  is  the  one  by  which  the  organ  is  sus- 
pended within  the  scrotum.  To  the  posterior  border  is  attached  a  structure  called 
the  epididymis,  ami  also  the  lowest  portion  of  the  spermatic  cord.    Each  border  ends 


Frc.  751. 

A.  The  right  testis  and  epididynii.s,  seen  withiu  tlie  tunica  vaginalis,  which  has  been  opened  ny. 

B.  The  right  testis  and  epididymis  seen  from  behind,  alter  complete  removal  of  the  parietal  iiortiou  of  the 

tuniua  vaginalis. 

C.  Diagram  to  illustrate  the  structure  of  the  testis  and  epi<lidymis. 
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I.  v.  Tunica  vaginalis. 

/.«'.  Cut  edge  of  tunica  vaginalis. 

v.d.  Vas  deferens. 

■o.e.  Vas  efferens. 

v.r.  Tubuli  recti. 


above  in  the  upper  and  l)elow  in  the  lower  extremity  of  the  testis  (extremitas 
superior  et  extremitas  inferior).  Owing  to  the  obliquity  of  the  long  axis  of  the 
gland,  the  upper  extremity  of  the  testis  lies  on  an  anterior  and  external  plane  to 
the  lower  one. 

Epididymis.  —  In  connexion  with  the  testis  is  the  epididymis,  which  is 
composed  of  the  first  much  convoluted  portion  of  the  duct  of  the  gland.  The 
epididymis  is  a  somewhat-  crescentic  structure,  curved  round  the  posterior  border, 
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and  overlapping,  to  some  extent,  the  posterior  part  of  the  onter  surface  of  the  testis. 
The  upper,  somewhat  swollen  part  of  the  epididymis,  is  called  the  globus  major 
(caput  epididymidis),  and  overhangs  the  upper  end  of  the  testis,  to  which  it  is 
directly  connected  hj  numerous  emerging  ducts,  by  connective  tissue,  and  l)y  the 
serous  covering  of  the  organ.  The  lower  and  smaller  end  is  termed  globus  minor 
(cauda  epididymidis),  and  is  attached  by  loose  areolar  tissue  and  by  the  serous 
covering  to  the  lower  end  of  the  testis.  The  intermediate  part  or  body  (corpus 
epididymidis)  is  apphed  against,  but  is  separated  from,  the  posterior  part  of  the 
outer  surface  of  the  testis  by  an  involution  of  the  serous  covering  of  the  organ, 
which  forms  an  intervening  pocket  termed  the  digital  fossa. 

Attached  to  the  globus  major,  or  to  the  adjoining  part  of  the  upper  extremity  of  the 
testis,  there  are  usually  one  or  two  minute  pedunculated  bodies,  called  hydatids  of  the 
epididymis  or  of  the  testis  (appendices  testis),  which  have  a  developmental  interest. 
Above  the  globus  major,  and  in  front  of  the  lower  part  of  the  spermatic  cord,  there  is  also 
sometimes  a  small  body  present,  called  the  organ  of  Giraldes  or  paradidymis.  This  is 
rarely  seen  in  the  adult. 

Tunica  Vaginalis. — The  cavity  within  which  the  testis  and  its  epididymis 
are  placed  is  lined  by  a  smooth  serous  membrane — the  tunica  vaginalis — which 
resembles  in  appearance  and  structure  the  peritoneum  from  which  it  is  originally 
derived.  The  cavity  is  considerably  larger  than  the  contained  structures,  and 
0  extends  not  only  down  to  a  lower  level  than  the  testis,  but  also  reaches  upwards  to 
a  higher  level  than  the  gland.  The  sac  or  cavity  tapers  as  it  is  traced  upwards, 
and  above  the  level  of  the  testis  the  spermatic  cord  bulges  forwards  into  its 
posterior  part.  The  tunica  vaginalis  not  only  lines  the  cavity  for  the  testis,. but  is 
reflected  from  the  posterior  wall  of  the  scrotal  chamber  over  the  testis  and  epididymis, 
giving  a  covering  to  each.  The  part  of  the  membrane  lining  the  cavity  is  called 
the  parietal  portion  (lamina  parietalis)  of  the  tunica  vaginalis,  while  the  part 
clothing  the  testis  and  epididymis  is  the  visceral  portion  (lamina  visceralis). 
Between  the  outer  surface  of  the  testis  and  the  body  of  the  epididymis,  the 
visceral  part  of  the  tunica  vaginalis  dips  in  and  lines  an  interval  called  the  digital 
fossa  (sinus  epididymidis).  On  the  other  hand,  the  tunica  vaginalis  is  absent  where 
the  globus  major  and  globus  minor  of  the .  epididymis  are  adherent  to  the  testis, 
and  similarly  the  serous  covering  is  incomplete  posteriorly,  where  the  various 
structures  forming  the  spermatic  cord  enter  or  leave  the  testis  and  epididymis. 
From  the  lower  part  of  the  testis  or  epididymis  a  small  crescentic  fold  of  the  tunica 
vaginalis  passes  downwards  to  the  bottom  of  the  sac. 

Structure  of  the  Testis  and  Epididymis. — Beneath  the  serous  tunica  vaginalis 
the  testis  is  invested  by  an  external  coat,  composed  of  dense  white  inelastic 
fibrous  tissue  called  the  tunica  albuginea,  from  the  deep  surface  of  which  a  number 
of  slender  fi1)rous  bands  or  septa  dip  into  the  gland.  These — the  septula  testis — 
imperfectly  divide  the  organ  into  a  number  of  parts  called  lobes  or  lobules,  (lobuli 
testis.  Fig.  751).  All  the  septa  end  posteriorly  in  a  mass  of  fibrous  tissue  which  is 
directly  continuous  with  the  tunica  albuginea,  and  which  projects  forwards  into 
the  testis  along  its  posterior  border.  This  structure  receives  the  name  of  mediastinum 
testis,  or  corpus  Highmori.  The  mediastinum  is  traversed  by  an  exceedingly  com- 
plicated network  of  fine  canals,  into  which  the  minute  tubules  which  compose  tlie 
substance  proper  of  the  testis  open.  The  mediastinum  is  also  pierced  by  the 
arteries,  veins,  and  lymphatics  of  the  testis.  These  vessels  enter  the  posterior 
border  of  the  organ,  and  traversing  the  mediastinum,  spread  out  on  the  fibrous  septa 
which  radiate  towards  all  parts  of  the  deep  surface  of  the  tunica  albuginea.  In 
this  way  a  delicate  network  of  vessels  (tunica  vasculosa)  is  formed  on  the  deep 
surface  of  the  tunica  albuginea  and  on  the  sides  of  the  septa. 

The  testis  is  composed  of  enormous  numbers  of  much  convoluted  seminiferous 
tubules  (tubuli  seminiferi  contorti),  which  fill  up  the  intervals  between  the  septa. 
These  minute  tulDules  look  like  fine  threads  to  the  unaided  eye,  and  are  but 
loosely  connected  together.  Usually  but  three  or  four  are  fonnd  in  each  lobule  of 
the  gland,  and  the  total  number  of  tubules  in  the  testis  has  been  estimated  at 
about  600.  The  seminiferous  tubules,  after  a  course  of  about  two  feet  in  length, 
pass  towards  the  mediastinum  testis,  and  unite,  at  acute  angles,  to  form  a  smaller 
70 
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luiniber  of  slender  tul)es  which  run  a  straight  course.  These  latter  are  called 
tubuli  recti,  and  open  into  the  complicated  canal  network  of  the  mediastinum,  which 
has  received  tlie  name  rete  testis. 

Microscopic  sections  show  that  the  walls  of  the  seminiferous  tubules  are  composed  of 
a  firm  basement  membrane  and  of  an  epithelial  lining,  formed  of  several  layers  of  cells. 
Certain  cells  of  this  epithelium  are  constantly  undergoing  transformation  into  spermatozoa, 
and  the  appearance  of  a  tul)ule  in  section  varies  much,  according  to  the  greater  or  less 
activity  of  its  epithelial  cells. 

The  secretion  of  the  seminiferous  tubules  is  carried  through  the  tubuli  recti 
into  the  rete  testis,  and  leaves  the  latter,  to  reach  the  canal  of  the  epididj-mis, 
through  from  fifteen  to  twenty  minute  tul)ules  called  vasa  eflferentia  (ductuli 
efferentes  testis).  These  latter  tubules  pierce  the  tunica  albuginea  and  enter  the 
globus  major,  which  is  in  direct  contact  with  the  upper  end  of  the  testis.  Each 
vas  efferens  is  at  first  straight,  but  soon  becomes  much  convoluted,  and  forms  a  little 
conical  mass  called  a  conus  vasculosus.  Witliin  the  globiis  major  the  littje  twisted 
canals  finally  open  into  the  single  much  convoluted  tube  which  constitutes  the 


Fig.  752. 

A.  The  right  testis  and  epididymis,  seen  within  the  tunica  vaginalis,  which  ha.s  been  opened  np. 

B.  The  riglit  testis  and  epididymis  seen  from  behind,  after  complete  removal  of  tlie  parietal  portion  of  the 

tunica  vaginalis. 

C.  Diagram  to  illustrate  the  .structure  of  tlie  testis  and  epididymis. 

e.v.    Coni  vasculosi.  r. v.  Rete  testis.  I.v.  Tunica  vaginalis. 

(!.      Epididymis.  s.     Septula  testis.  Cut  edge  of  tunica  vaginalis. 

.(j.m.  Globus  major.  s.r.  Spermatic  cord.  r.d.  Vas  deferens. 

ij.m'.  Globus  minor.  s.t.  Seminiferous  tubule.  v.e.  Vas  efferens. 

)i.      Hydatids.  t.     Testis.  v.r.  Tubuli  recti. 

chief  bulk  of  the  epididymis,  and  is  called  the  canal  of  the  epididymis  (ductus 
epididymidis).  This  canal,  which  is  not  less  than  19  or  20  feet  in  length,  may  be 
said  to  begin  in  the  globus  major,  and  to  end,  after  an  extraordinarily  tortuous 
coiirse,  at  the  globus  minor  by  becoming  the  vas  deferens  (ductus  deferens,  Eig.  752). 

In  most  cases  one  or  more  slender  convoluted  diverticula  from  the  canal  of  tlie 
epididymis  may  be  found  near  its  lower  end.  These  receive  the  name  of  vasa  aberrantia 
(ductuh  aberrantes),  and  one  of  them  which  is  very  constantly  present  often  measures  a 
foot  or  more  in  length. 

Minute  Structure. — The  canal  of  the  epididymis  and  the  vasa  efferentia  are  lined 
by  a  cibated  epithelium,  the  cilia  of  which  maintain  a  constant  current  towards  the  vas 
deferens.  The  canal  of  the  epididymis  possesses  a  muscular  coat  composed  of  an  inner 
sti'atinn  of  transversely  and  an  outer  stratum  of  longitudinally  directed  fibres.  The  wall, 
at  first  tlun,  becomes  much  thicker  as  the  canal  approaches  the  vas  deferens. 

Vessels  and  Nerves  of  the  Testis. — The  testis  is  supplied  by  the  spermatic  artery,  a  branch 
of  the  aorta.    Tlii.s  slender  vessel,  after  a  long  course,  reaches  the  jiosterior  border  of  the  testis, 
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Avliere  it  breaks  uji  into  ])rauclie.s  which  enter  the  niediastiiiuiu  testi.s,  and  are  distributed  along 
the  septa  and  on  tlie  deep  surface  of  the  tunica  albuginea.  Tlie  veins  issuing  from  tlie  posterior 
border  of  the  testis  form  a  dense  plexus,  called  the  plexus  pampiniformis,  which  tlnally  pours  its 
blood  through  the  spermatic  vein,  on  the  right  side,  into  the  inferior  vena  cava ;  on  the  left  side, 
into  the  left  renal  vein.  The  nerves  for  the  testis  accompany  the  spermatic  artery,  and  are  derived 
from  the  aortic  and  renal  plexuses.  TJie  arteries  and  nerves  of  the  testis  communicate  with 
those  on  the  lower  part  of  tlie  vas  deferens,  namely,  with  the  artery  of  the  vas  and  with  twigs 
from  the  liypogastric  plexus.  The  lymphatic  vessels  of  the  testis  pass  upwards  in  the  spermatic 
cord,  and  end  in  the  lumbar  lymphatic  glands. 

THE  VAS  DEFERENS. 

The  vas  deferens  (ductus  deferens)  is  the  direct  continuation  of  the  canal  of  the 
epididymis.  Beginning  at  the  lower  extremity  of  the  epididymis,  it  ends,  after  a 
course  of  nearly  18  inches,  by  opening  as  the  common  ejaculatory  duct  into  the 
prostatic  or  first  part  of  the  urethra.  The  duct  in  parts  of  its  course  is  somewhat 
convoluted,  and  the  actual  distance  traversed  by  it  is  not  more  than  12  inches. 
Placed  in  the  first  instance  outside  the  abdominal  cavity,  the  vas  deferens  ascends 
within  tlie  scrotum  towards  tlie  lower  part  of  the  anterior  abdominal  wall,  which  it 
reaches  not  far  from  the  middle  line.  During  this  part  of  its  course  the  duct, 
together  with  the  vessels  and  nerves  of  the  testis,  is  surrounded  l)y  a  number  of 
loose  coverings  derived  from  certain  layers  of  the  abdominal  wall,  and  the  cord-like 
structure  so  formed  is  termed  the  spermatic  cord.  The  vas  deferens,  together  with 
the  accompanying  vessels  and  nerves,  now  passes  through  the  abdominal  wall  in  an 
oblique  passage,  to  which  the  name  inguinal  canal  is  applied.  Within  the  abdomen 
the  vas  lies  immediately  beneath  the  peritoneum,  and  soon  crossing  over  the  pelvic 
brim,  it  enters  the  pelvis,  on  the  side  wall  of  which  it  proceeds  backwards  towards 
the  base  of  the  bladder.  Here,  near  the  middle  line,  the  vas  deferens  is  joined  by 
the  duct  of  the  corresponding  vesicula  seminalis,  and  the  common  ejaculatory  duct, 
thus  formed,  having  traversed  the  prostate,  opens  into  the  urethra. 

At  first  the  vas  deferens,  like  the  canal  from  which  it  takes  its  origin,  is  very 
tortuous,  but  soon  increasing  in  thickness,  the  duct  becomes  less  twisted,  and  passes 
upwards  along  the  inner  side  of  the  epididymis  and  behind  the  testis  to  enter  the 
spermatic  cord  (Fig.  752).  Its  course  is  now  almost  vertically  upwards  towards 
the  spine  of  the  pubis,  near  which,  crossing  the  inner  part  of  Poupart's  ligament, 
the  vas  enters  the  inguinal  canal  by  the  external  abdominal  ring.  Of  the  structures 
composing  the  spermatic  cord  the  vas  is  the  most  posterior,  and  it  can  be  readily 
distinguished,  even  in  the  undissected  subject,  by  its  hard  firm  feel  when  it  is  taken 
between  the  finger  and  thumb.  In  the  inguinal  canal  the  vas  is  directed  outwards, 
upwards,  and  a  little  backwards  to  the  internal  abdominal  ring,  wnere,  at  a  point 
half-an-inch  above  Poupart's  ligament,  and  midway  between  the  symphysis  pubis 
and  the  anterior  superior  iliac  spine,  it  enters-the  abdomen.  The  distance  between 
the  point  where  the  cord  enters  the  inguinal  canal  to  the  point  where  it  leaves  it 
to  enter  the  abdomen  is  about  one  and  a  half  inches.  While  passing  from  the 
external  to  the  internal  abdominal  ring  the  vas  deferens,  together  with  the  other 
structures  of  the  spermatic  cord,  rests  upon  the  upper  grooved  surface  of  Poupart's 
ligament,  and  is  placed  behind  the  aponevtrosis  of  the  external  oblique  and  some  of 
the  lower  fibres  of  the  internal  oblique  muscle.  From  before  backwards  the  vas 
rests,  in  the  first  instance,  upon  the  conjoined  tendon  of  the  internal  oblique  and 
transversalis  muscles,  and  further  outwards  upon  the  transversalis  fascia.  Above  the 
cord  are  some  arching  fibres  of  the  internal  oblique  muscle,  which  enter  the  conjoined 
"  tendon.  As  the  vas  deferens  leaves  the  inguinal  canal  by  the  internal  abdominal 
ring,  it  turns  round  the  deep  epigastric  artery  on  its  outer  and  posterior  aspect. 
Completely  changing  the  direction  of  its  course,  the  duct  now  runs  for  a  short 
distance  backwards,  inwards,  and  upwards,  beneath  the  peritoneum  to  a  point  one  and 
a  half  to  two  inches  from  the  spine  of  the  pubis,  where  it  crosses  the  ilio-pectineal 
line  and  enters  the  pelvis.  In  this  part  of  its  course  the  duct  usually  at  first  lies  in 
front  of  the  external  iliac  vessels,  and  then  in  the  floor  of  a^  little  triangular  fossa 
between  the  vessels  and  tlie  pelvic  brim.  On  the  side  wall  of  the  pelvis  the  vas  is 
continued  backwards,  and  a  little  downwards  and  inwards,  in  the  direction  of  the 
ischial  spine,  and  lies  immediately  beneath  the  peritoneum,  through  which  it  can 
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usually  be  seen  shining.  In  the  pelvic  part  of  its  c(nirse  the  vas  deferens  crosses 
on  the  inner  side  of  (1)  the  obliterated  liypogastric  artery,  (2)  the  obturator  nerve 
and  vessels,  (3)  the  vesical  vessels,  and  (4)  the  ureter  (Fig.  753). 


Vpfiical  artery 
E.xtHrnal  iliac  vejist  Is  > 
( >Iitunitor  nervi; 
Oliliti'rateil  liyi)o.;a.strio 
artery 
Vas  <leferniis 


First  sacial  verti'lira 


Position  of  intpviial  iliac 
arterv. 


J-'rostate 
Opening  of  ureter  into  bladder 
Portions  of  vasadeferentia  cMit  in  section 


Rectum 


Uretei' 


Vesicnla  .  'SV 
seminalis  "^^^ 


lectnni 


Internal  nrelhral  orilice 
Trigoimni  vesicie 

Ureter 


"Vas  deferen; 


-  Fig.  753. — Mesial  Section  of  an  Addlt  Male  Pelvis. 

The  coils  of  tlie  small  intestine  wliicli  lay  within  the  jielvis  liaye  been  lifted  ont  in  order  to  give  a  view  of  the 
side  \vall  of  tlie  jielvic  cavit)".  The  ])eritonenra  is  coloured  bine.  The  separation  of  the  bladder  from 
the  prostate  is  indicated  somewhat  diagraniniatically. 

Beyond  the  ureter  the  vas  takes  a  somewhat  sudden  l^end,  and  passes  down- 
wards and  inwards  towards  tlie  middle  line,  l)eneath  the  peritoneum  of  the  pelvic 

floor.  Reaching  the  interval 
between  the  base  of  the 
bladder  in  front  and  the 
rectum  behind,  the  vasa  de- 
ferentia  of  opposite  sides 
occupy  the  angle  formed 
between  the  vesiculge  semi- 
nales  (Fig.  755).  As  they 
approach  one  another  each 
vas  becomes  somewhat  tor- 
tuous, sacculated,  and  dilated, 
and  assumes  a  general  re- 
semblance in  strv;cture  to  a 
portion  of  the  vesicula  semi- 
nalis. To  this  dilated  part 
of  the  vas  deferens  the  term 
Fig.  754.  —  Horizontal  Skctidn  through  the  Rectum  and  ampulla  (ampulla  ductuS  de- 
Bladder  at  the  Level  at  which  the  Ureters  pierce  the  fy^-entis)  is  applied  As  it 
Bladder  "Wall.  ,  •      '  j  M-i  t 

turns  inwards  the  vas  lies  a 

From  a  specimen  in  the  Museum,  Trinity  College,  Dubbn.  ^j^^^.^    distance    behind  the 

ureter,  and  immediately  in  front  of  the  edge  of  the  peritoneal  fold  sometimes 
known  as  tlie  posterior  false  ligament  of  the  bladder.    Just  above  the  base  of 
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the  prostate  the  vas  deferens  becomes  once  more  a  narrow  canal,  and  is  joined  by 
the  duct  of  the  corresponding  seminal  vesicle  to  form  the  common  ejaculatory 
duct,  which,  after  a  short  course  downwards  and  forwards  through  the  prostate, 
opens  into  the  urethra. 

In  some  cases  the  vas  deferens  crosses  the  obliterated  hypogastric  artery  before  it  enters  the 
pelvic  cavity  ;  it  normally  does  so  in  the  fcetiis. 

Common  Ejaculatory  Duct  (ductus  ejaculatorius). — This  duct,  formed  by  the 
union  of  the  vas  deferens  with  the  duct  of  the  corresponding  seminal  vesicle,  is  less 
than  one  inch  in  length,  and  lies  very  close  to  its  fellow  of  the  opposite  side  as  it  passes 


Posterior  superior 
iliac  spine 


Ureter 
Jreat  sciatic  notch 
Vas  deferens- 
Spine  of  ischium 
Vas  deferens 

Seminal  vpsu-lc 
Bladder  wall 


Levator  am 
Prostate 
Iscliio-rectal  fossa 
Tuberosity  of  ) 
ischium  f 


Gluteus 
maximus 


Posterior  superior 
iliac  spine 


Cut  end  of  rectum 

 Apex  of  sacrum 

 Great  sciatic  notch 

 Ureter 

—Peritoneum 
-Spine  of  ischium 
Bladder  wall 

Seminal  vesicle 
Ampulla  of  vas  deferens 
)  Cut  end  of  great  sacro- 
i  sciatic  ligament 
Common  ejaculatory  duct 

Levator  ani 
 Tuberosity  of  ischium 

Ischio-rectal  fossa 

Cut  end  of  rectum 

External  sphincter  ani 

—Gluteus  maxhnus 


Fig.  755. — View  of  the  Base  of  the  Bladdek,  Prostate,  Seminal  Vesicles,  and  Vasa 

Deferentia  froji  behind. 

The  coccyx  aud  sacro-sciatic  ligaments,  togetlier  with  the  muscles  attached  to  them,  have  been  removed.  The 
levatores  ani  have  been  separated  along  the  median  raphe,  and  drawn  outwards.  A  considerable 
portion  of  the  rectum  and  the  upper  part  of  the  right  seminal  vesicle  have  been  taken  away.  The  recto- 
vesical pouch  of  peritoneum  is  coloured  blue. 

through  the  prostate  behind  its  mesial  lol  )e.  The  ducts  open  by  slit-like  apertures  into 
the  first  part  of  the  urethra  on  each  side  of  the  sinus  pocularis  (utriculus  prostaticus). 

Seminal  Vesicles. — The  vesiculae  seminales,  or  seminal  vesicles,  are  a  pair 
of  hollow  sacculated  structures  placed  in  front  of  the  rectum  and  behind  the 
bladder  (Fig.  755).  Each  vesicula  seminalis  is  usually  aljout  two  inches  in  length, 
and  has  its  long  axis  directed  downwards,  inwards,  and  somewhat  forwards. 
The  upper  extremity  of  the  vesicle,  which  is  partly  covered  by  peritoneum*  is  large 
and  rounded,  and  lies  at  a  considerable  distance  from  the  middle  line,  liehind  the 
lower  end  of  the  ureter.    The  vesicle  tapers  towards  its  lower  end,  which  is  placetl 
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close  to  the  middle  line  aud  immediately  above  the  prostate.  Inferioily,  the 
vesicle  l)ecomes  constricted  to  form  a  short  duct  (ductus  excretorius),  which  joins 
the  outer  side  of  the  corresponding  vas  deferens  at  an  acute  angle  to  form  the 
common  ejaculatory  duct.  The  inner  side  of  each  vesicle  is  related  to  the  vas 
deferens,  and  the  outer  side,  when  the  bladder  is  empty,  lies  close  to  the  sloping 
pelvic  floor.  The  seminal  vesicle  often  assumes  a  more  vertical  position  wlien 
the  bladder  is  distended,  a  more  horizontal  one  when  the  l)ladder  is  empty.  Its 
upper  end  is  sometimes  found  to  be  curved  backwards  against  the  side  of  the 
rectum.  The  seminal  vesicles  are  in  some  cases  much  smaller  than  usual,  and  may 
be  even  less  than  one  inch  in  length.    They  are  often  unsymmetrical. 

The  seminal  vesicles  are  more  intimately  related  to  the  wall  of  the  l)ladder  than 
to  that  of  the  rectum — their  upper  ends  are  separated  from  the  rectum  Ijy  a  portion 
of  the  recto-vesical  pouch  of  peritoneum,  while  lower  down  the  septum  of  fascia 
which  intervenes  between  the  vesiculce  seminales  and  the  rectum  is  denser  than 
that  which  separates  them  from  the  bladder.  The  vesicula  seminalis  is  in  reality 
a  tul)e  bent  in  a  tortuous  manner  on  itself,  and  if  the  dense  connective  tissue  which 
envelops  it  be  taken  away,  the  length  of  the  tube  when  untwisted  may  be  found  to 
be  as  much  as  five  inches.  The  tube  is  closed  above,  and  a  number  of  short  tortuous 
branches  come  off  it  at  different  levels.  The  development  of  the  vesiculse  seminales 
shows  that  they  are  to  be  looked  upon  as  diverticula  of  the  vasa  deferentia,  from 
which  they  originally  arise  as  small  pouches. 


Fig.  756. — The  Bl.\dder,  Prostate,  and  Seminal  Vesicle  viewed  from  the  Side. 
Drawn  from  specimens  hardened  in  situ. 
In  A  the  bladder  contained  l)ut  a  small  amount  of  fluid  ;  in  B  the  quantity  was  .somewhat  greater. 

The  dense  tissue  in  wliicli  the  seminal  vesicles  are  embedded  contains  much  unstriped  muscle, 
which,  sweeping  round  in  the  side  wall  of  the  recto-vesical  pouch,  gains  an  attachment  to  the 
fascia  in  front  of  the  sacrum.  Tlie  large  veins  coming  from  the  prostatic  and  vesical  plexuses  are 
closely  related  to  the  seminal  vesicles. 

Structure  of  the  Vas  Deferens  and  Vesicula  Seminalis. — Except  near  its 
termination,  where  it  is  dilated  to  form  the  ampulla,  tlie  vas  deferens  is  a  thick- 
walled  tube  with  relatively  a  very  small  lumen.  The  hard  cord-like  sensation  which 
the  vas  deferens  conveys  to  the  touch  is  due  to  the  thickness  and  toughness  of  its 
wall,  which  is  composed  of  three  layers — an  outer  fibrous  (tunica  adventitia),  an 
intermediate  muscular  (tunica  muscularis),  and  an  inner  mucous  coat  (tunica  mucosa). 
The  thickness  of  the  wall  is  due  to  the  great  development  of  the  middle  or  muscular 
coat,  which  is  composed  of  an  inner  layer  of  circularly  and  an  outer  layer  of 
longitudinally  directed  unstriped  muscular  fibres.  Near  the  beginning  of  the  vas 
there  is  an  inner  longitudinal  layer  also.  The  mucous  membrane  of  the  vas 
exhibits  a  few  longitudinal  folds.  The  ampulla,  or  terminal  part,  possesses  much 
thinner  waUs,  and,  as  the  surface  of  its  mucous  membrane  has  a  number  of  ridges 
separating  depressed  areas,  the  lining  of  the  tube  presents  a  pitted  or  honey- 
combed appearance.  The  wall  of  the  vesicula  seminalis  resembles  that  of  the 
ampulla  in  l)eing  thin,  and  in  having  a  mucous  lining  with  uneven  honeycomb-liko 
ridges  and  depressions.  In  the  wall  of  the  seminal  vesicle  the  same  coats  are  to 
be  recognised  as  in  the  vas,  but  the  muscular  stratum  is  much  thinner. 
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Vessels  and  Nerves  of  the  Vas  and  Vesicula  Seminalis. — The  \  as  receives  its  arterial 
supply  from  tlie  superior  or  inferior  vesical  arteries.  The  artery  to  the  vas  acconipanies  that 
structure,  supplying  it  as  far  as  the  testis,  where  it  ends  by  anastomosing  with  branches  of  the 
spermatic  artery.  The  vesicula  seminalis  is  supplied  Ijy  the  inferior  vesical  artery.  The  nerves 
of  the  vas  and  vesicula  seminalis  are  derived  from  the  hypogastric  plexu.s. 


Descent  of  the  Testis. 


The  peculiar  course  pursued  by  the  vas  deferens  in  the  adult,  and  the  manner  in  which 
it  is  related  to  the  anterior  abdominal  wall,  are  rendered  clear  by  a  study  of  the  arrange- 
ment of  the  parts  that  obtains  in  the  foetus.  The  testes  until  nearly  the  end  of  intra- 
uterine life  are  placed  in  the  abdominal  cavity.  Lying  at  first  on  the  posterior  wall 
of  the  abdomen,  in  the  neighbourhood  of  the  kidney,  the  testis  is  held  in  place  by 
a  fold  of  peritoneum,  which  forms  for  it  a  mesentery  called  the  mesorchium.  As  growth 
goes  on  the  testis  is  found  to  occupy  a  lower  level  in  the  abdominal  cavity,  and  in 
the  seventh  month  it  lies  near  the  internal  abdominal  ring.  Meanwhile  a  blind  pouch 
or  diverticulum  of  the  peritoneal  membrane,  termed  the  processus  vaginalis,  has  grown 
downwards  and  inwards 


Hypogastric  artery 


Testis 


Epidiflymis 


ij-pGuberuaeuluiii 


Mesorchium 


Vas  deferens 


Rectum 


through    the    anterior  ,  ^ 

abdominal  wall  towards  the  abdouiinai  ring- 
scrotum,  deriving  as  it  goes 
a  covering  from  each  of  the 
layers  of  the  abdominal  wall 
through  which  it  passes. 
The  testis  with  its  mesor- 
chium enters  the  diverti- 
culum of  the  abdominal 
cavity,  and  in  this  manner 
reaches  the  scrotum.  At  a 
later  stage,  the  connexion 
between  tlie  part  of  the 
processus  vaginalis  that  lies 
in  the  scrotum  and  the 
peritoneal    lining    of  the 

abdomen  becomes  lost  by        _  _  „  ^ 

,  .       .   ,  \  Fig.  757. — View  looking  from  above  into  the  Pelvis  and  Lower 

the  obliteration  or  tne  upper  p^^^^^  ^^^^  Abdominal  Cavity  in  a  FiETUs  of  about  the 
part  of  the  pouch.    Thus        Seventh  Month. 

the  part  of  the  processus  (,^^g  jgj-j.  ^-^^^^  whicli  represents  a  slightly  more  advanced  condition  than 
vaginalis    that    persists   in  the  right,  the  testis  has  entered  the  inguinal  canal  ;  on  the  right  side 

the   scrotum    becomes    the  the  testis  is  still  within  the  abdominal  cavity, 

parietal  portion  of  the 

tunica  vaginalis ;  while  the  visceral  part  of  that  membrane  is  the  primitive  peritoneal 
covering  of  the  testis  and  epididymis  (Figs.  757  and  758). 

Often  a  small  fibrous  band — the  ligamentum  vaginale— may  be  found  in  the  adult 
passing  through  the  inguinal  canal  and  joining  the  peritoneum  superiorly  in  the  region  of 

the  internal  abdominal  ring.  Sometimes 
the  ligament  is  connected  below  with  the 
tunica  vaginalis,  but  more  often  it  does 
not  reach  so  far  downwards. 

When  present  it  represents  the  obliter- 
ated portion  of  the  processus  vaginalis 
(rudimentum    processus    vaginalis).  In 
other  rare  cases  the  processus  vaginalis 
may  persist  after  birth  as  a  channel  freely 
Fig.  758. -Diagram  to  illustrate  the  descent  of  the  open  to  the  abdominal  cavity  above,  or 
testis  and  the  manner  in  which  the  tunica  vaginalis  the  passage,  becoming  closed  at  intervals, 
is  derived.  niay  give  rise  to  one  or  more  cysts  within 

a.c.  Abdominal  cavity.  s.  Scrotum.  the  Coverings  of  the  spemiatic  cord. 

7). f.  Processus  vaginalis.  t. c.  Tunica  vaginalis.  t,  .7^.  ,  i.i    i  1  j. 

t.    Testis.  X.  Ligamentum  vaginale.        It  sometimes  happens  that  the  descent 

of  the  testis  is  arrested,  and  then,  either 
failing  to  enter  the  processus  vaginalis,  the  testis  remains  within  the  abdominal  cavity  ; 
or  entering  the  processus  vaginalis,  it  fails  to  reach  the  scrotum,  and  lies  in  the  inguinal 
caml.    The  term  cryptorciiism  is  frequently  applied  to  such  cases. 

In  connexion  with  the  descent  of  the  testis  a  remarkable  cord-like  structure — the 
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gubernaculum  testis — must  be  mentioned.  The  guberuaculum  iu  its  earliest  condition  is 
represented  by  a  peritoneal  fold  stretching  downwards  from  the  caudal  end  of  the  ridge 
which  higher  up  gives  origin  to  the  testis.  At  a  later  stage  this  fold  is  relatively  much 
shorter,  and  is  found  to  contain  between  its  layers  fibrous  and  muscular  tissue.  The 
gubernaculum,  when  it  is  at  its  greatest  development  (about  the  sixth  month),  is  rounded 
and  cord-like,  and  is  attached  above  to  the  lower  end  of  the  testis,  while  inferiorly  it  is 
fixed  near  the  inguinal  region.  The  muscular  fibres  which  it  contains  are  derived  by  an 
ingrowth  from  the  muscles  of  the  inguinal  part  of  the  anterior  abdominal  wall.  As  the 
testis  enters  the  processus  vaginalis  the  gubernaculum  atrophies,  but  its  muscular  fibres 

.are  supposed  to  give 
origin,  in  part  at  least, 
to  the  cremaster 
muscle  of  the  adult. 
The  connective  tissue 
and  smooth  muscle 
fibres,  which  connect 
the  testis  with  the 
lowest  part  of  the 
scrotum  in  the  adult, 
are  also  derived  from 
the  gubernaculum.  It 
is  considered  by  some 
anatomists  that  the 
movement  downwards 
of  the  testis  may  be 
partly  due  to  the 
shrinking  of  the 
gubernaculum  as  i-t 
atrophies  (Fig.  757).' 

In  some  mammals, 
such  as  the  elephant, 
the  testes  remain  per- 
manently within  the 
abdominal  cavity; 

while  in  others,  such  as  the  rabbit  and  the  hedgehog,  the  peritoneal  pouches  i-ema'in 
widely  open  throughout  life,  and  the  testes  are  periodically  withdrawn  into  the  abdomen. 


( )l)li(i\iii.s  extpi  niis 

<  Ibliiiuus  internus 

llio-liypogastric  nerve 

llio-inguinal  nerve 

Cremaster 
Aponeurosis 
ol)lii|Uus  exteruMs  (<• 

Saplienous  open ; 


Genito-crural  m  i  \ 
Internal  saphenous  vein  — 


.Ajjoneurosis  of 
obliquus 
extei'iins  (cut) 
Twelfth  tiioracic 
nerve 


Triaiinular  laseia 

Si>erinatie  coril 
Suspensory  liga- 
ment of  penis 

liitercoluinnar 
fascia 

Uartos  muscle 


Jl>9. — The  Ghoin.    The  structures  seen  on  removal  of  part  ol'  tli 
obliquus  exteriius  (A.  M.  Patersou). 


The  Spermatic  Cord. 

The  testis  in  its  course  downwards  through  the  abdominal  wall  into  tlie 
scrotum  takes  with  it  its  duct  (vas  deferens),  its  vessels,  and  its  nerves  of  supply. 
All  these  lie  together  in  the  inguinal  canal  as  they  traverse  the  abdominal 
wall,  and  when  they  leave  the  canal  by  the  external  abdominal  ring  they 
extend  downwards  to  the  posterior  Ijorder  of  the  testis.  The  vas  deferens,  the 
spermatic  vessels,  and  the  nerves  and  lymphatics  of  the  testis,  loosely  connected 
together,  form  the  spermatic  cord  (funiculus  spermaticus).  '  At  the  internal 
abdominal  ring  the  constituent  parts  of  the  cord  disperse  and  separate  from  each 
other.  The  cord  may  therefore  be  considered  to  extend  from  the  internal 
abdominal  ring  to  the  posterior  border  of  the  testis.  The  structures  whicli 
form  the  cord  are  enclosed  within  a  number  of  coverings  derived  from  the 
layers  of  the  anterior  abdominal  wall.  When  the  constituents  of  the  cord  reach 
the  posterior  border  of  the  testis,  the  coverings  surround  the  tunica  vaginalis  and 
its  enclosed  testis,  and  so  form  a  part  of  the  wall  of  the  scrotum.  The  coverings 
of  the  cord  derived  from  the  abdominal  wall  are  three  in  number,  and  are  named 
intercolumnar  fascia,  cremasteric  fascia,  and  infundil)uliform  fo,scia.  The  inter- 
columnar  fascia  is  the  most  superficial  of  tlie  three  coverings,  and  is  derived  from 
the  aponeurosis  of  the  external  olilique  muscle,  with  which  it  is  continuous  round 
the  margins  of  the  external  alidominal  ring.  The  cremasteric  fascia  consists  partly 
of  muscular  libres  derived  from  the  lower  part  of  the  internal  oblique  muscle,  and 
partly  of  delicate  connective  tissue.  The  muscular  fibres  pass  down  over  the  cord, 
and  form  a  series  of  loops  round  the  testis  and  tunica  vaginalis.  The  infumdi- 
■buliform  fascia  is  derived  from  the  fascia  transversalis  nf  the  abdomen.    It  passes 
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downwards  over  the  cord  and  encloses  its  various  structures,  togetlier  with  a 
certain  amount  of  areolar  tissue  derived  from  the  sub-peritoneal  tissue  of  the 
abdominal  wall  (Figs.  759  and  760). 


Oliliquus  extenuis 

Obliquus  intemus 

Obliquus  internus  (cut)- 
Deep  circumflex  iliac  artery 

Internal  abdominal  ring  and 
infimdibuliforn;  fascia 

Creniaster  muscb'  — 

Obliquus  exteriiu: 

Spermatic  cord  passin;: 
through  cremaster  musclr 


-Obliqiuis  extenius 

Dbliciuu.s  interims  (cut) 

•aiisversalis  muscle 

Over  deep  epigastric  artery 
Fascia  transversalis 
Deep  epigastric  artery 
Conjoint  tendon 

(  her  outer  border  of  rectus  abdominis 

iiatic  cord 
1 1  iaugular  fascia 


Fig.  760. — The  Groin.    The  structures  seen  on  reliexiou  of  part  of  the  obliquus  internus  (A.  M.  Paterson). 

Ill  addition  to  tlie  .structures  enumerated  above,  the  artery  to  the  vas,  the  cremasteric  artery, 
and  the  genital  branch  of  the  genito-crural  nerve,  acconiiiany  the  structures  forming  the  s]i(;r- 
inatic  cord. 

The  Scrotum. 

The  scrotum,  in  which  the  testes  are  placed,  varies  much  in  appearance  in 
different  subjects,  and  even  in  the  same  individual,  at  different  times.  As  the 
result  of  cold  or  of  exercise,  the  wall  of  the  scrotum  becomes  contracted  and  firm, 
and  the  skin  covering  it  wrinkled ;  at  other  times  the  wall  may  be  relaxed  and 
flaccid,  the  scrotum  then  assuming  the  appearance  of  a  pendulous  bag.  The  left 
side  of  the  scrotum  reaches  to  a  lower  level  than  the  right,  in  correspondence  with 
the  lower  level  of  the  testis  on  that  side  of  the  body.  The  skin  covering  the 
scrotum  is  of  a  darker  colour  than  the  general  skin  of  the  body,  and  is  covered  by 
hair.  The  difference  in  the  appearance  of  the  scrotum  at  different  times  is  due 
\  to  the  amount  of  contraction  or  relaxation  of  a  layer  of  muscular  fibres  placed  in 
the  superficial  fascia.  When  this  muscular  layer  is  contracted,  the  skin  is  thrown 
into  folds  or  wrinkles  called  rugse ;  when  it  is  relaxed,  the  skin  becomes  more 
smooth  and  even.  This  muscular  tissue  is  called  the  dartos  muscle.  The  scrotum 
is  marked  in  the  middle  line  by  a  median  raphe  (raphe  scroti),  which  is  continued 
backwards  towards  the  anus,  and  forwards  on  to  the  under,  or  urethral,  surface  of 
the  penis.  The  interior  of  the  scrotum  is  divided  into  two  cavities,  one  for  each 
testis,  by  an  incomplete  septum  (septum  scroti),  which  is  in  part  continuous  with 
deeper  layers  of  the  dartos  tissue.  The  wall  of  each  of  these  cavities  is  formed  by 
the  corresponding  tunica  vaginalis,  infuudibuliform  fa,scia,  cremasteric  fascia,  and 
intercolumnar  fascia,  while  the  skin,  the  superficial  fascia,  and  dartos  muscle  form 
coverings  which  are  common  to  the  whole  scrotum,  and  enclose  both  cavities.  In 
the  superficial  fascia  of  the  scrotum  there  is  an  entire  absence  of  fat. 

The  scrotum  in  the  foetus  contains  no  cavity,  but,  like  the  labia  niajora  in  the  female,  it  is 
composed  entirely  of  Avascular  connective  tissue. 

Vessels  and  Nerves  of  the  Scrotum. — Tlie  scrotum  receives  its  vascular  supply  from  tlie 
superficial  perineal  branches  of  the  internal  pudic  arteries  which  reach  its  posterior  surface,  and 
from  the  external  pudic  branches  of  the  femoral  artery  which  reach  its  upper  and  anterior  part. 
The  nerves  of  the  scrotum  are  derived  froui  tlie  superficial  perineal  branches  of  the  internal 
pudic,  from  the  perineal  branch  of  the  small  sciatic,  and  froui  the  ilio-inguinal  nerve.  The 
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branches  from  the  internal  inidic  and  sciatic  nerves  reach  the  scrotum  from  behind,  wliile  the 
ilio-inguinal  su^jplies  its  upper  and  anterior  part. 

THE  PENIS. 

The  penis  is  composed  chiefly  of  erectile  tissue,  aud  is  traversed  by  the  canal 
of  the  urethra.  The  surface  nearest  to  which  the  canal  of  the  urethra  lies  is 
called  the  under  or  urethral  surface  (facies  urethralis) ;  the  opposite  and  more 
extensive  aspect  is  the  dorsum  penis.  The  erectile  tissue  is  for  the  most  part 
disposed  in  three  longitudinal  cohmms,  which  in  the  body  of  the  organ  are  placed 
side  by  side,  while  at  the  root  of  the  penis  they  separate  from  one  another,  and 
become  attached  to  the  triangular  ligament  and  pubic  arch.  Two  of  these  masses 
of  erectile  tissue,  placed  one  on  each  side  of  the  middle  line,  and  forming  the 
dorsum  and  sides  of  the  penis,  are  called  the  corpora  cavernosa  (corpora  cavernosa 


Corpus  ca\"ernosuiii- 
Corpus  spongiosum 

Crus  ireiiis- 

ISulbus  uretbr;i  - 

Tuber  iscliii- 


Fii:.  761. — Dissection  to  illustrate  the  Component  Pahts  op  the  Penis. 

On  the  right  .side  of  the  figure  the  muscles  of  the  thigh  have  been  reflected  down  to  the  plane  of  the  obturator 
e.xternus.    The  letters  TL  are  placed  upon  tlie  trianguhir  ligament. 

penis),  while  the  third,  which  is  called  the  corpus  spongiosum  (corpus  cavernosum 
urethrte),  is  situated  mesially  near  the  urethral  surface.  The  corpus  spongiosum  is 
the  part  of  the  penis  which  is  traversed  by  the  urethra,  and  it  is  considerably 
smaller  than  the  corpora  cavernosa  which  form  the  chief  bulk  of  the  organ. 

In  the  body  of  the  penis  (corpus  penis)  each  corpus  cavernosum  is  placed  close 
to  the  mesial  plane,  aud  presents  a  rounded  surface,  except  where  it  is  flattened 
and  in  contact  with  its  fellow  of  the  opposite  side.  The  corpora  cavernosa  are 
separated  on  the  anterior  (dorsal)  surface  by  a  shallow  groove,  and  on  the  posterior 
(urethral)  aspect  by  a  deeper  and  wider  furrow,  in  which  lies  the  corpus  spongiosum 
(Fig.  762).  Towards  the  distal  end  of  the  penis  the  corpus  spongiosum  becomes 
expanded,  and,  spreading  towards  the  dorsal  surface  of  the  organ,  forms  a  kind  of 
conical  cap  which  covers  over  tlie  blunt  rouuded  terminations  of  the  corpora 
cavernosa.  The  terminal  expansion  of  the  corpus  spongiosum  is  termed  the  glans 
penis,  and  is  traversed  by  the  urethra.  The  prominent  margin  of  the  glans,  called 
the  corona  glandis,  projects  dorsally  and  laterally  beyond  the  extremities  of  the 
corpora  cavernosa.  The  slit-like  opening  at  the  summit  of  the  glans,  where  the 
urethra  terminates,  is  termed  the  meatus  urinarius,  or  external  urethral  ovitice. 
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Each  corpus  cavernosuni  ends  in  a  blunt  conical  extremity,  the  apex  of  which  is 
received  into  a  hollow  in  "the  Imse  of  the  glans.  The  skin  covering  the  body  of  the 
penis  is  thin,  delicate,  and  freely  movable,  and,  except  near  the  root  of  the  organ, 
is  free  from  hairs.  On  the  urethral  aspect  of  the  penis  the  skin  is  marked  by  a 
median  raphe,  continuous  with  the  raphe  of  the  scrotum.  Eeaching  the  base  of 
the  glans,  the  skin  forms  a  free  fold  called  the  prepuce  (prseputium),  which  overlaps 
the  glans  to  a  variable  extent.  From  the  deep  surface  of  the  prepuce  the  skin  is 
reflected  on  to  the  terminal  part  of  the  penis,  just  above  the  level  of  the  corona 
glandis,  and  is  continued  over  the  entire  glans  to  the  meatus  urinarius.  A  small 
fold,  the  frenulum  prseputii,  passes  to  the  deep  surface  of  the  prepuce  from  a  point 
just  below  the  meatus  urinarius.  The  skin  covering  the  glans  is  hrmly  attached 
to  the  underlying  erectile  tissue,  and  here,  as  well  as  on  the  deep  surface  of  the 
prepuce,  it  presents  some  resemblance  to  mucous  membrane. 

Minute  sebaceous  glands  (glandulte  prseputiales)  are  found  on  the  glaus  and  inner 
surface  of  the  prepuce ;  the  secretion  from  these  helps  to  form  the  smegma  prseputii, 
which  tends  to  collect  in  the  groove  between  the  glans  and  the  prepuce. 

At  the  root  of  the  penis  (radix  penis)  the  three  component  parts  of  the  organ 
separate  from  one  another  (Fig.  761).  The  corpora  cavernosa,  diverging  from  each 
other  laterally,  at  first  become  somewhat  swollen,  and  then  gradually  tapering  off, 
gain  a  fibrous  attachment  to  the  inner  part  of  the  pubic  arch.  These  diverging 
parts  of  the  corpora  cavernosa  are  called  the  crura  penis,  and  each  is  covered  by  the 
corresponding  ischio-cavernosus  muscle.  The  corpus  spongiosum  lying  between 
the  crura  becomes  enlarged,  and  forms  a  somewhat  spherical  mass  which  receives 
the  name  bulb  of  the  urethra  (bulbus  urethrse).  The  bulb  varies  much  in  size 
in  different  individuals,  and  is  attached  to  the  under  surface  of  the  triangular 
ligament,  against  which  it  rests.  The  posterior  part  and  under  surface  of  the 
bulb  usually  show  a  median  notch  or  groove,  which  is  an  indication  that  the  ljulb 
is  originally  composed  of  two  symmetrical  portions,  fused  in  the  middle  line. 
These  two  portions  are  termed  the  hemispheria  bulbi  urethrse,  and  are  best  seen  in 
subjects  whose  tissues  have  been  hardened  by  intra-vascular  injections.  Covering 
the  superficial  surface  of  the  bulb  is  the  bulbo-cavernosus  muscle.  The  canal  of 
the  urethra,  piercing  the  triangular  ligament,  enters  the  bulb  a  short  distance  in 
front  of  its  posterior  extremity  (Fig.  765). 

A  somewhat  triangular  band  of  strong  fibrous  tissue,  called  the  suspensory 
ligament  of  the  penis,  is 
attached  to  the  front  of 
the  symphysis  pubis,  and 
extends  to  the  fibrous  cap- 
sule of  the  penis,  with 
which  it  becomes  con- 
tinuous (Fig.  759). 

Structure  of  the 
Penis. — Each  corpus  caver- 
nosum  penis  is  encloaed  by 
a  dense  fibrous  coat  or  tunica 
albuginea  (tunica  albuginea 
corporum  cavernosorum), 
which,  fusing  with  the  corre- 
sponding coat  of  tlie  opposite 
side,  forms  a  mesial  septum 
(septum  penis).  The  septum  is  very  incomplete,  especially  near  the  tei-minal  part  of  the 
penis,  where  it  is  interrupted  by  a  number  of  nearly  parallel  slit-like  perforations,  hence 
the  term  septum  pectiniforme  is  often  applied  to  it.  Through  these  openings  the  erectile 
tissue  of  the  corpora  cavernosa  of  opjjosite  sides  is  continuous. 

The  fibrous  coat  contains  many  elastic  fibres,  and  may  be  divided  into  an  outer  layer 
of  longitudinally  directed  fibres  and  an  inner  layer  of  circular  fibres,  some  of  which  latter 
are  continued  into  the  septum.  Numerous  fibrous  strands,  called  trabeculae  (trabeculae 
corporum  cavernosorum),  proceed  from  tlie  deep  surface  of  the  tunica  albuginea,  and 
stretching  across  tlie  interior  of  the  corpus  cavernosum,  form  a  fine  sponge-like  framework 


Fig.  762. — A  Longitudinal  Section  of  the  Terminal  Poktion  of 
THE  Penis,  and  a  Tkansverse  Section  thuouuh  the  Body  of 
the  Organ. 

d.  Glans  peuis.  </.  Dorsal  veiu. 

e.  Fossa  uavieularis.  h.  Dorsal  artery. 

f.  Part  of  septum  pectiniforme.  i.  Dorsal  uerve. 


a.  Corpus  caveruosum. 
h.  Corpus  spongiosum. 
c.  Urethral  canal. 


lUG 


UROGENITAL  SYSTEM. 


whose  interspaces  communicate  freely  with  one  another,  and  are  filled  with  blood. 
These  blood-containing  spaces  lead  directly  into  the  veins  of  the  penis,  and  like  the  veins 
have  a  lining  of  flat  endothelial  cells.  The  size  of  the  penis  varies  with  the  amount  of 
blood  in  this  cavernous  tissue.  The  structure  of  the  corpus  spongiosum  resembles  that 
of  the  corpora  cavernosa,  but  the  fibrous  coat  is  much  thinner,  and  the  trabeculfe  are 
finer.  Smooth  muscle  fibres  surround  the  urethra  as  it  traverses  the  corpus  spongiosum 
(Fig.  762). 

In  some  iiiainiuals,  such  as  the  walrus,  dog,  bear,  baboon,  etc.,  a  bone  called  the  OS  penis  is 
developed  in  the  se2)tuiii  which  intervenes  between  the  corpora  cavernosa. 

Vessels  and  Nerves  of  the  Penis. — The  penis  receives  its  arterial  supply  from  branches  of 
the  internal  pudic  artery.  The  erectile  tissue  of  the  corpora  cavernosa  is  supplied  chiefly  by  the 
deep  arteries  of  the  penis,  while  that  of  the  c()rj)us  spongiosum  receives  its  arterial  supply  from 
the  artery  to  the  bulb.  Brandies  of  the  dorsal  artery  of  the  penis  piercing  the  fibrous  coat  of 
the  corpora  cavernosa  furnish  additional  twigs  to  the  erectile  tissue  of  these  structures.  The 
glans  receives  its  chief  blood  sujjply  from  branches  of  the  dorsal  artery.  Tlie  small  branches  of 
these  arteries  run  in  the  trabecula;  of  the  erectile  tissue,  and  the  capillaries,  into  which  they 
lead,  oj)en  directly  into  the  cavernous  venous  spaces.  As  they  lie  in  the  finer  trabecula;,  the 
smaller  branches  often  present  a  pecidiar  twisted  appearance,  and  hence  the  name  helicine 
arteries  (arterite  helicina;)  is  sometimes  applied  to  them. 

The  veins  with  which  the  cavernous  spaces  communicate  carry  the  blood,  for  the  most  part, 
either  directly  into  the  prostatic  plexus,  or  into  the  dorsal  vein,  and  so  to  the  prostatic  plexus. 
The  dorsal  vein  of  the  penis  Ijegins  iu  tributaries  from  the  glans  and  lu'epucL*,  and  lies  in  the 
groove  between  the  corpora  cavernosa  as  it  ascends  to  pass  beneath  the  sub-pubic  ligament  and 
join  the  pi'ostatic  plexus.  On  each  side  of  it  lies  the  dorsal  artery,  and  still  further  from  the 
middle  line  the  dorsal  nerve  (Fig.  762). 

The  nerve-supply  of  the  f)enis  is  derived  from  the  internal  ]nidic  nerve  and  from  the  hypo- 
gastric plexus  The  branches  of  the  internal  pudic  are  the  dorsal  nerve  of  the  penis,  and 
branches  from  the  superficial  perineal  nerves.  Tlie.se  supply  the  cutaneous  structures  of  the 
penis,  while  the  sympathetic  filaments  from  the  hypogastric  plexus,  wdiich  reach  the  penis 
through  the  prostatic  plexus,  end  in  the  erectile  tissue. 

THE  PROSTATE. 

The  prostate  (prostata)  is  a  partly  glandular,  partly  muscular  organ  of  a  dark 
brown-red  colour  which  surrounds  the  beginning  of  the  urethra  in  the  male.  It 
lies  within  the  pelvis,  and  is  enclosed  by  a  dense  capsule  derived  from  the  pelvic 
fascia.  The  common  ejaculatory  ducts  traverse  the  prostate  in  their  course  down- 
wards and  forwards  to  join  the  urethra  as  it  descends  through  the  gland  (Fig. 
755).  The  size  of  the  prostate  varies  considerably  in  different  individuals,  Init 
its  transverse  or  longest  diameter  is  usually  from  one  and  a  quarter  to  one  and  a 
half  inches,  its  antero-posterior  diameter  about  three  quarters  of  an  inch,  and  its 
vertical  diameter  about  one  and  a  quarter  inches.     Superficially  the  prostate  is 


A  B 

Fig.  763. — Bladdeh,  Phostate,  and  Seminal  Vesicles  viewed  kkom  the  Outer  Side. 
Drawn  from  .specimens  hardened  in  situ. 


separated  from  the  bladder  by  deep  wide  lateral  grooves  directed  downwards  and 
forwards,  and  by  a  narrow  posterior  groove  which  is  horizontal. 

In  connexion  with  the  prostate  we  describe  an  apex  whicli  is  directed  down- 
wards, a  base  looking  upwards,  a  posterior,  and  two  lateral  surfaces.  The  general 
outline  of  the  organ  has  ])een  often  compared  with  that  of  a  Spanish  chestnut. 
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The  uj)per  surface,  or  base  of  the  prostate  (basis  prostata;),  is  directed  upwards 
agaiust  the  under  aspect  of  the  bladder,  in  the  neighbourhood  of  its  urethral  open- 
ing. The  greater  part  of  this  surface  is  structurally  continuous  with  the  bladder 
wall,  the  separation  of  the  two  organs  being  purely  artificial.  A  narrow  portion 
of  the  superior  surface  is,  however,  free  on  each  side,  and  forms  the  lowfer  limit  of 
the  deep  groove  which  marks  the  separation  of  the  bladder  and  prostate  (Fig. 
763).  The  lateral  surface  of  the  prostate  is  convex  and  prominent,  especially  in 
its  posterior  and  upper  portion,  and  rests  against  the  fascia  covering  the  levator 
ani  muscle.  The  lateral  surfaces  are  directed  for  the  most  part  outwards,  down- 
wards, and  somewhat  forwards,  and  meet  together  in  front  in  a  rounded  anterior 
border,  often  called  the  "anterior  surface"  (facies  anterior)  of  the  prostate. 
Posteriorly  the  prostate  presents  a  flattened  triangular  area,  directed  backwards  and 
downwards  against  the  anterior  wall  of  the  rectum,  from  which  it  is  separated  by  a 
layer  of  the  pelvic  fascia.  This  flattened  posterior  surface  (facies  posterior)  is 
separated  on  each  side  from  the  lateral  surface  V)y  a  rounded  border  which,  begin- 
ning above  at  the  prominent  lateral  part  of  the  prostate,  ends  below  at  the  apex 
of  the  organ.  The  apex  of  the  prostate  (apex  prostata?)  points  downwards,  and  is 
in  relation  to  the  deep  or  superior 
layer  of  the  triangular  ligament.  From 
the  apex  the  rounded  anterior  border, 
which  separates  the  lateral  surfaces, 
passes  upwards  in  the  middle  line 
behind  the  symphysis  pubis  and  retro- 
pubic pad  of  fat.  This  border  is  inter- 
rupted in  its  lower  part  by  the  passage 
of  the  urethra. 

The  urethra  enters  the  prostate  at 
a  point  near  the  middle  of  its  upper 
surface,  and  leaves  it  at  a  point  situated 
on  its  anterior  border,  just  above  and 
in  front  of  the  apex.  As  it  descends, 
the  urethra  describes  a  curve  which 
is  concave  forwards,  and  in  mesial 
section  it  is  seen  to  lie  nearer  to  the 
posterior  surface  than  to  the  anterior 
border  of  the  gland. 

The  common  ejaculatory  ducts,  en- 
tering the  prostate  at  the  border  which 
separates  the  base  from  the  posterior  surface,  run  downwards,  inwards,  and  forwards, 
to  open  into  the  prostatic  portion  of  the  urethra  very  close  to  one  another.  The 
somewhat  wedge-shaped  portion  of  the  prostate,  which  lies  between  these  ducts  and 
the  posterior  aspect  of  the  urethra,  receives  the  name  of  middle  lobe  (lobus  medius, 
F-ig.  766).  The  base  of  this  middle  lobe  projects  upwards  against  the  bladder,  and 
is  continuous  with  the  part  of  the  bladder  wall  lying  immediately  liehind  the 
urethral  orifice.  When  hypertrophied  (as  it  often  is  in  old  people)  the  middle  lobe 
of  the  prostate  may  cause  a  consideralile  elevation  in  the  cavity  of  the  bladder,  to 
which  the  term  uvula  vesicte  is  applied,  and  which  possesses  consideralile  surgical 
interest.  The  rest  of  the  prostate  is  described  as  l)eing  composed  of  tw^o  large 
lateral  portions  or  lateral  lobes,  which  are,  however,  not  marked  otf  from  one  another 
superficially. 

The  prostate  is  surrounded  in  front  and  laterally  by  a  plexus  of  large  veins 
which  lies  embedded  within  its  capsule,  and  is  called  the  prostatic  venous  plexus. 

Structure  of  the  Prostate. — The  greater  bulk  of  the  prostate  is  composed  of 
unstriped  muscle  fibres.  The  muscular  tissue  not  only  forms  the  outer  layers  of 
the  prostate,  but  it  also  sends  into  the  deeper  parts  numerous  processes  which 
spread  through  the  whole  structure  as  a  network,  in  the  meshes  of  which  the 
glandular  part  of  the  organ  is  contained.  Posteriorly  some  of  the  muscle  fibres  are 
continuous  wdth  those  of  the  bladder.  The  glandular  tissue  (corpus  glandulare) 
of  the  prostate,  which  is  practically  confined  to  the  part  of  the  organ  which  lies 


Seminal  vesicle 


Fig.  764. — Prostate,  Bladder,  and  Seminal 
Vesicles  seen  from  below. 

Drawn  from  a  specimen  hardened  in  iitu.  The  lateral 
surfaces  of  the  prostate  are  seen  one  on  each  side  of 
the  nrethra  and  in  front  of  the  posterior  surface. 
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liehiml  the  plane  of  tlie  urethra,  lies  em])e(lde(l  among  the  muscle  filires,  and  is 
composed  of  minute,  slightly  Ijranched  tul)ules,  lined  l)y  a  columnar  epithelium. 
In  the  upper  portion  of  the  gland  the  tubules  are  sliglitly  dilated  and  shorter  than 
in  other  parts,  where  they  are  long  and  convoluted.  The  glandular  tubules  lead 
into  the  minute  prostatic  ducts,  which  open  into  the  urethral  canal  as  it  traverses 
the  prostate.  These  ducts  (ductus  prostatici)  are  numerous — about  twenty  in  all 
— and  open  for  the  most  part  into  a  groove  on  each  side  of  the  median  elevation 
(crista  iirethralis)  in  the  posterior  wall  of  the  urethra  (Fig.  767). 

Vessels  and  Nerves  of  the  Prostate- — Tlie  prostate  receives  it  hlood  supply  from  branches 
of  the  hsemorrhoidal  and  inferior  vesical  arteries,  while  tlie  large  plexus  of  veins  which 
surrounds  it,  and  into  which  the  veins  of  the  j^enis  open,  drains  into  the  vesical  plexus.  In  old 
people  the  veins  of  the  jjrostatic  plexus  usually  l)ecorae  much  enlarged.  The  nerves  of  the 
prostate  are  derived  from  the  hypogastric  plexus. 


COWPER^S  GLANDS. 

Cowper's  glands  (glandula?  bulbo-tirethrales)  are  a  pair  of  small  Ijodies  placed  in 
relation  to  the  second,  or  membranous,  part  of  the  urethra.     They  are  each  about 


Fio.  765, — The  Bladder  and  the  Stkuctures  traversed  by  the  Urethra,  seen  from  the  outer  side 
after  removal  from  the  l)0(lj'.    The  bladder  has  been  artificially  distended. 


the  size  of  a  pea,  and  are  of  a  yellowish-brown  colour.  Situated  in  the  space 
between  the  two  layers  of  the  triangular  ligament,  they  lie  below  the  level  of  the 
apex  of  the  prostate,  and  above  that  of  the  bulb  of  the  corptis  spongiosum  (Figs. 
765  and  767).    The  gland  is  made  up  of  a  number  of  closely  applied  lobes  or 
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lobules,  and  is  of  the  compound  racemose  type.  The  ductules  of  each  glaud  unite 
to  form  a  single  duct  (ductus  excretorius),  which  pierces  the  bulb  of  the  corpus 
spongiosum,  and,  after  a  relatively  long  course,  ends  by  opening  into  the  spongy 
portion  of  the  urethra  l^y  a  minute  aperture.  The  secreting  acini  are  lined  by 
columnar  epithelium. 

The  glands  receive  their  arterial  supply  from  the  artery  to  the  bulb. 

Ill  old  age  these  glands  may  be  difficult  or  impossible  to  find. 

THE  MALE  URETHRA. 

The  urethra  in  the  male  is  a  channel  of  about  eight  inches  in  length  leading 
from  the  bladder  to  the  external  urethral  orifice  at  the  extremity  of  the  glans 
penis.  The  canal  serves  not  only  for  the  passage  of  urine,  but  it  also  affords  an 
exit  for  the  seminal  products  which  enter  by  the  common  ejaculatory  ducts,  and 
for  the  secretion  of  the  prostatic  and  Cowper's  glands.  In  addition,  numerous 
minute  glands  (giandulse  urethrales)  pour  their  secretion  into  the  urethra. 

The  first  part  of  the  urethra  lies  within  the  pelvic  cavity,  and  has  an  almost 


Pin.  766.— Mesial  Section  throuoh  the  Male  Pelvis,  opening  up  tlie  wliok-  leiigtli  of  the  uretlira. 
Drawn  from  a  .specimen  in  the  Anatomical  Department,  Trinity  College,  Dublin. 


vertical  course  as  it  traverses  the  prostate.  Turning  more  forwards,  the  urethra 
passes  below  the  pubic  arch,  and  pierces  the  fibrous  layers  which  form  the  pelvic 
wall  in  this  region.  Leaving  tlie  pelvic  cavity,  the  canal  enters  the  bull)  of  the 
corpus  spongiosum,  where  the  latter  is  attached  to  the  triangular  ligament,  and 
throughout  the  rest  of  its  course  it  lies  surrounded  by  the  erectile  tissue  of  the 
corpus  spongiosum  and  glans  penis.    The  part  of  the  urethra  which  lies  embedded  in 
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tlie  prostate  is  called  the  prostatic  portion  ;  tlie  short  portion  wliicli  pierces  the  pelvic 
wall  is  the  membranous  portion,  and  the  part  surrounded  by  the  corpus  spongiosum 
receives  the  name  of  spongy  portion.  Of  these  three  sections  of  the  urethra  the 
spongy  portion  is  much  the  longest,  and  the  membranous  is  the  shortest. 

Prostatic  Portion  of  the  Urethra.  —  The  prostatic  part  (pars  prostatica) 
of  the  urethra  descends  through  the  prostate  from  the  liase  towards  the  apex, 
describing  a  slight  curve  which  is  concave  forwards.  It  is  about  one  inch 
in  length,  and  is  narrower  above  and  lielow  tlian  in  its  ]niddle  portion,  whichj,is 
indeed  the  widest  part  of  the  wliole  xirethral  canal.  Except  while  Huid  is  passing, 
the>canal  is  collapsed,  and  the  mucous  membrane  of  the  anterior  and  posterior  walls 
is  in  contact,  and  thrown  into  a  series  of  longitiidinal  folds.  When  distended,  the 
middle,  or  widest  part  of  the  canal,  may  normally  have  a  diameter  of  about  one- 
third  of  an  inch.     Tlie  yiosterior  wall,  often  termed  the  "floor  "of  the  prostatic 

urethra,  presents  a  distinct  mesial  ridge  or 
elevation,  called  the  crista  urethrse  (crista 
urethralis)  or  verumontanum  (Fig.  767). 
This  projects  forwards  into  the  urethra  to 
such  an  extent  that  the  canal  presents 
in  transverse  section  a  crescentic  outline. 
In  the  depressions  or  grooves  on  each  side 
of  the  crista  urethne  the  numerous  ducts 
of  the  prostatic  glands  open  by  minute 
apertures.  Some  few  ducts  from  the 
middle  part  of  the  gland  open  in  the 
middle  line,  either  just  above  or  just 
below  the  urethral  crest.  On  the  summit 
of  the  crista  urethrte  is  a  slit-like  open- 
ing which  leads  backwards  and  upwards 
for  a  distance  of  about  a  quarter  of.  an 
inch,  as  a  blind  pouch,  in  the  substance  of 
the  prostate.  This  little'  cavity  is  the 
prostatic  utricle  (utriculus  prostaticus)  or 
sinus  pocularis,  and  represents  the  uterus 
and  vagina  of  the  female,  being  developed 
AND  •  from  the  fused  posterior  ends  of  the 
Miillerian  ducts.  On  each  side  of  the 
mouth  of  the  utricle  is  the  much  more 
minute  opening  of  the  common  ejaculatory 
duct.  When  traced  upwards  towards  the 
bladder,  the  urethral  crest,  diminishing 
in  height,  becomes  indistinct,  but  in  some  cases  it  can  be  traced  as  far  as  the  uvula 
vesiccB.  When  followed  in  the  opposite  direction  the  ridge  becomes  less  marked, 
and  can  be  followed  on  the  urethral  wall  into  the  membranous  portion  of  the 
canal,  where  it  divides  into  a  pair  of  slight  folds  or  elevations  (Fig.  767). 

Membranous  Part  of  the  Urethra.  —  The  second  or  membrajious  portion 
(pars  membranacea)  of  the  urethra  leads  downwards  and  forwards  from  the  apex  of 
the  prostate  to  the  bulb  of  the  corpus  spongiosum,  and  is  the  shortest  and  narrowest 
of  the  three  subdivisions  of  the  canal,  its  length  being  somewhat  less  than  half 
an  inch.  It  begins  at  the  deep  layer  of  the  triangular  ligament,  where  it  is  con- 
tinuous with  the  prostatic  portion,  and  ends  by  piei-cing  the  superficial  layer,  to 
become  continuous  with  the  spongy  portion  of  the  urethra.  Placed  in  front  of  tlie 
rectum,  it  lies  about  one  inch  behind  and  below  the  sub-pubic  ligament,  and  is 
surrounded  by  fibres  of  the  compressor  urethrse  muscle.  Behind  it,  on  each  side 
of  the  mesial  plane,,  are  Cowper's  glands.  The  membranous  part  of  the  urethra 
enters  the  bulb  at  a  point  somewhat  in  front  of  its  posterior  extremity,  and,  owing 
to  the  oblique  direction  of  the  canal  as  it  joins  the  bulb,  the  anterior,  or  upper  wall, 
of  the  passage  is  longer  than  the  posterior  wall  or  floor  (Fig.  765).  Furtlier,  tlie 
posterior  part  of  the  bulb  projects  so  much  backwards  that  it  overlaps  to  a  con- 
siderable extent  the  posterior  wall  of  the  second  part  of  the  urethra. 


Pars  cavpi'iiosa 
uretlirn' 


Fig.  767.— 
Upper 
opened  from  in 
posterior  wall 


The  Pko.static, 
Portion  of  the 


Membranous, 
Spongy  Urethra, 
front  and  above  to  sliow  the 
floor.    The  minute  openings 


of  the  common  ejaculatory  ducts  and  the  orifice 
of  the  sinus  pocularis  are  seen  upon  the  crista 
urethrae. 
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A  slight  median  elevation,  which  is  continuous  above  with  the  crista  urethrse, 
projects  into  the  canal  from  its  posterior  wall,  and  becoming  less  marked  as  it  is 
traced  downwards,  is  often  seen  to  divide  into  two  faint  ridges.  When  the  canal 
is  empty  other  longitudinal  folds  or  ridges  are  usually  to  be  seen  on  the  mucous 
membrane,  but  these  become  obliterated  when  the  passage  is  distended. 


The  terminal  portion  of  the  membranous  urethra,  where  it  is  overlapped  posteriorly  by 
the  urethral  bulb,  lies  in  front  of  the  triangular  ligament.  It  is  considerably  wider  than 
the  upper  part  of  this  subdivision  of  the  canal,  and  is  very  thin-walled  (Figs.  765  and  766). 

Spongy  Portion  of  the  Urethra. — The  third  or  spongy  portion  (pars 
cavernosa)  of  the  urethra  is  much  the  longest  of  the  three  subdivisions.  It  begins 
at  a  point  about  half-an-inch  in  front  of  the  posterior  end  of  the  bulb,  and  ends  at 
the  external  orifice  on  the  glans  penis.  Its  proximal  portion  has  a  fixed  position 
and  direction,  while  its  distal  part  varies  witli  tlie  position  of  the  penis.  The  canal 
is  about  six  inches  in  length,  and  is  surrounded  throughout  its  whole  extent  by 
the  erectile  tissue  of  the  corpus  spongiosum  and  glans.  Directed  at  first  forwards 
through  the  bulb  of  the  corpus  spongiosum,  the  canal  turns  downwards  and  forwards 
at  the  point  where  it  comes  to  lie  in  front  of  the  lower  part  of  the  symphysis  pubis 
(Fig.  766).  This  bend  in  the  direction  of  the  canal,  roughly  speaking,  corresponds 
to  the  place  of  attachment  of  the  suspensory  ligament  to  the  dorsum  of  the  penis. 
When  the  peius  is  drawn  upwards  towards  the  front  of  the  abdomen,  the  direction 
of  the  terminal  half  of  the  canal  is  of  course  changed,  and  at  the  same  time  the 
whole  length  of  this  subdivision  of  the  urethra  becomes  more  uniformly  curved. 
The  urethra  as  it  enters  the  bulb  lies  at  first  in  the  upper  part  of  the  erectile  tissue, 
but  as  it  passes  forwards  it  sinks  deeper,  and  comes  to  occupy  the  middle  part  of  the 
corpus  spongiosum  (Fig.  766).  In  the  glans,  on  the  other  hand,  most  of  the  erectile 
tissue  lies  in  the  dorsal  and  lateral  aspects  of  the  urethra.  Like  the  other  parts  of 
the  urethra,  the  canal  is  closed  except  during  the  passage  of  fluid,  the  closure  being 
effected  by  the  apposition  of  the  dorsal  and  ventral  walls  of  the  passage,  except  in 
the  part  of  the  canal  which  lies  in  the  glans  penis,  where  the  lateral  walls  of  the 
canal  come  into  contact  (Fig.  768).  Thus  the  first  part  of  the  canal,  when  empty,  is 
represented  in  cross  section  by  a  transverse  slit,  and  the  terminal  part  by  a  vertical 
sht.  The  spongy  part  of 
the  urethra  does  not  pre- 
sent a  uniform  calibre 
throughout,  but  is  narrower 
in  its  intermediate  part, 
where  it  traverses  the 
corpus  spongiosum,  than  it 
is  in  those  portions  of  its 
course  which  are  sur- 
rounded by  the  bulb  and 
the  glans.  The  terminal 
dilated  part  of  the  passage 
is  termed  the  fossa  navi- 
cularis  urethrse,  and  opens 
on  the  surface  by  the  ver- 
tically-placed slit-like 
external  urethral  orifice  (orificium  uretlirte  externum),  which  is  bounded  by  lateral 
lips,  and  is  the  narrowest  and  least  dilatable  part  of  the  whole  urethral  canal. 

The  ducts  of  Cowper's  glands  open  by  very  minute  apertures  in  the  under 
wall  of  the  proximal  part  of  the  spongy  portion  of  the  urethra.  Before  opening 
into  the  canal,  they  lie  for  some  distance  immediately  beneath  its  mucous  mem- 
brane. A  number  of  little  pit-like  recesses,  called  the  lacunae  urethrales,  also  open 
into  the  spongy  part  of  the  urethra,  and  are  so  disposed  that  tlieir  openings  lead 
obliquely  into  the  canal  in  the  direction  of  its  external  orifice'. 

In  some  cases  a  somewhat  valve-like  fokl  of  the  mucous  membrane  is  found  in  the  upper  wall 
of  the  urethra  in  the  region  of  the  fossa  navicularis. 


Fig.  768. — A  Longitudinal  Section  of  the  Terminal  Portion  of  thk 
Penis,  and  a  Transverse  Section  through  the  Body  of  the 
Organ. 

a.  Corpus  c-'avernosum.    d.  Glans  penis.  g.  Dorsal  vein. 

h.  Corpus  spongiosum,    e.  Fossa  navicularis.  /(.  Dorsal  artery, 

c.  Urethral  canal.  ,/'.  Part  of  septum  pectinifurme.    /.  Dorsal  nerve. 
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Structure. — The  superficial  cells  of  the  mucous  uicuibratie  lining  the  urethra  are 
colunniar  as  far  as  the  fossa  navicularis,  where  they  become  replaced  by  squamous  epi- 
thelial cells.  Excejjt  near  the  terminal  part  of  the  canal,  the  mucous  memljrane  contains 
numerous  minute  mucous  glands,  called  glands  of  Littr^  (glanduUc  urethrales),  the  ducts 
of  which  open  into  the  urethi'a.  Beneath  the  mucous  membrane  is  an  exceedingly 
vascular  layer,  wliich  is  surromided  by  a  coat  of  unstriped  muscle,  continuous  superiorly 
with  the  muscular  tissue  of  the  prostate  and  bladder.  The  erectile  tissue  of  the  corpus 
spongiosum  is  placed  immediately  outside  the  muscular  coat  of  the  canal.  A  small 
amoiuit  of  erectile  tissue  is  also  present  surrounding  the  membranous  urethra. 

THE  FEMALE  REPRODUCTIVE  ORGANS. 

The  reproductive  glands  in  the  female  consist  of  a  pair  of  ovaries  placed  later- 
ally in  the  cavity  of  the  pelvis.  In  conuectioii  with  each  ovary  is  an  elongated 
passage  or  tube — the  Fallopian  tube — leading  to  the  uterus,  into  the  cavity  of 
which  it  opens.  There  is  no  direct  continuity  between  tlie  ovary  and  the  EaUo- 
pian  tube,  such  as  exists  ))etween  the  other  glands  of  the  body  and  their  ducts, 
but  the  ova  produced  in  the  i)vary  pass  int(j  the  open  end  of  the  tube,  and  are 
thws  conducted  to  the  uterine  cavity.  The  uterus,  or  womb,  is  a  hollow  muscular 
organ  which  occupies  a  nearly  median  p(jsition  in  the  pelvis ;  it  is  joined  })y  the 
Eallopian  tubes  above,  and  it  communicates  with  the  upper  part  of  the  vagina  below. 
The  ovum,  having  passed  through  the  Fallopian  tube, reaches  the  cavity  of  the  uterus, 
and  in  it,  if  fertilisation  takes  place,  the  ovum  undergoes  its  development  into 
embryo  and  foetus.  The  vagina  is  the  passage  leading  from  the  uterus  to  the 
exterior.  Its  external  opening  lies  behind  that  of  the  urethra,  within  the  urogenital 
space.  In  connection  with  the  urogenital  space  are  a  number  of  structures  which 
are  included  under  the  term  external  genital  organs,  and  which  represent  in  the 
female  the  various  parts  of  the  penis  and  scrotum  in  the  male.    These  are  the 


Parovaruiiii  Liganipnt  Lateral  angle 

Falloiiian  tubi'  |     Ovary     ot  ovary         Uteru.s  <i  of  uterus 


Vaginal  cavity 

A  B 

Fig.  769. — A.  The  Uterus  and  Buoau  Licament  nekn  khom  bkhixu  (tlie  broail  ligament  has  been 

.spread  out). 

a,  /),  and  c,  the  isthmus  U\h-x,  tlie  ligament  of  the  ovary,  and  the  round  ligament  of  the  right  side  cut  short. 

B.    DiACRAMMATIC   REPRE.SENTATION   OV  THE   UTEKINE  CAVrFY  OPENED  UP  FROM   IN  FRONT. 

labia  majora  and  tlie  mens  Veneris,  the  labia  minora,  the  clitoris,  and  the  bulbus 
vestibuli.  The  glands  of  Bartholin,  placed  one  on  each  side  of  the  lower  part  of 
the  vagina,  are  accessory  organs  of  the  female  reproductive  system,  and  represent 
Cow[)er's  glands  in  tlie  male. 

THE  OVAEY. 

The  ovary  (ovarium)  is  a  solid  l)ody,  flattened  from  side  to  side,  and  about  the 
size  and  shape  of  a  large  almond.  In  the  adult  the  ovary  is  placed  against  the 
side  wall  of  the  pelvic  cavity,  and  is  connected  by  peritoneal  folds  with  the  broad 
ligament  of  the  uterus  and  with  the  lateral  wall  of  the  pelvis.    Although  these 
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ligaments  of  the  ovary  do  not  hold  the  organ  firmly  fixed  in  any  definite  place, 
still  the  position  occupied  by  the  ovary  within  the  pelvic  cavity  is  fairly  constant. 
The  length  of  the  ovary  is  usually  between  one  and  one  and  a  half  inches,  and  the 
thickness  from  side  to  side  between  a  quarter  and  half-an-inch. 

In  the  ovary  we  recognise  two  poles  or  extremities — an  upper  pole,  larger  and 
- '  more  rounded  than  the  somewhat  pointed  lower  'pole.  The  term  tubal  pole  (extre- 
mitas  tubaria)  is  applied  to  the  upper  end  of  the  ovary,  as  it  is  most  intimately 
connected  with  the  Fallopian  tube ;  the  term  uterine  pole  (extremitas  uterina.)  is 
used  with  reference  to  the  lower  extremity,  since  tliis  part  of  the  ovary  is  con- 
nected with  the  uterus  by  a  fibrous  cord,  termed  the  ligament  of  the  ovary.  The 
flattened  surfaces  of  the  ovary  are  called  inte7'nal  (facies  medialis)  and  external 
(facies  lateralis),  and  the  borders  separating  them  anterior  (margo  mesovaricus)  and 
2)osterior  (margo  lil^er).  The  posterior  border  is  convex  and  free ;  while  the 
anterior  one,  which  is  straighter  and  narrower,  is  connected  by  a  very  short  peri- 
toneal fold  (mesovarium)  with  the  posterior  layer  of  the  broad  ligament  of  the 
uterus.  The  vessels  and  nerves  enter  '  the  ovary  by  this  anterior  border,  which  is 
therefore  often  termed  the  hilus  of  the  ovary. 

Position  and  Relations  of  the  Ovary. — When  tlie  ovary  occupies  its  most 
.   usual  position  the  long  axis  of  the  gland  is  vertical.    Its  outer  or  lateral  surface 


Fit!.  770. — Side  Wall  of  the  Ficmale  Pelvis,  showing  the  pcsitiou  of  the  ovary  and  its  reLation  to  the 
Fallopian  tube.  The  pelvis  has  been  cut  iu  section  parallel  to,  but  at  some  distance  from,  the  mesial 
plane.    Drawn  from  a  specimen  iu  the  Anatomical  Department,  Trinity  College,  Dublin. 


lies  against  the  side  wall  of  the  pelvis,  and  its  inner  surface  looks  inwards  towards 
the  pelvic  cavity.  The  peritoneum  of  the  pelvic  wall,  where  the  ovary  lies  against 
it,  is  depressed  to  form  a  little  fossa  termed  the  fossa  ovarica,  within  which  the 
ovary  is  placed.  The  upper  pole  of  the  ovary  lies  below  the  level  of  the  external 
iliac  vessels,  and  its  lower  end  is  placed  just  above  the  level  of  the  peritoneum 
covering  the  pelvic  floor.  The  fossa  ovarica,  in  which  the  ovary  lies,  extends  as 
far  forwards  as  the  obliterated  hypogastric  artery,  and  backwards  as  far  as  the 
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ureter  and  uteriue  vessels.  Thus  the  anterior  border  of  the  ovary  lies  just  behind 
the  line  of  the  obliterated  hypogastric  artery,  and  the  posterior  border  is  on  a 
plane  anterior  to  the  ureter  (Fig.  770).  The  inner  surface  of  the  ovary  is  almost 
completely  covered  by  the  Fallopian  tube,  which,  passing  upwards  on  it  near  its 
anterior  border,  arches  over  the  upper  pole,  and  tlien  turiis  downwards  in  relation 
to  the  posterior  border  and  posterior  part  of  the  inner  surface  (Fig.  770). 

In  some  cases  the  ovary  is  fovuul  to  lie  beliiud,  or  more  rarely  in  front,  of  the  fossa  described 
above,  and  its  long  axis  may  be  oblique  instead  of  vertical.  The  above  description,  however, 
corresponds  to  the  typical  position  of  tlie  organ  in  women  who  have  not  borne  children. 

Connexions  of  the  Ovary. — When  the  ovary  is  in  position  a  small  somewhat 
triangular  peritoneal  fold  passes  upwards  from  its  upper  pole,  and  becomes  lost  in 
the  peritoneum  covering  the  external  iliac  vessels  and  the  psoas  muscle  (Fig.  770). 
This  fold  has  received  the  name  of  suspensory  ligament  of  the  ovary,  and 
is  a  portion  of  the  upper  and  outer  part  of  the  broad  ligament  of  the  uterus,  which 
here  contains  between  its  two  layers  the  ovarian  vessels  and  nerves  as  they  pass 
down  into  the  pelvis  to  reach  the  hilus  of  the  ovary.  The  vessels  and  nerves 
entering  the  ovary  along  its  anterior  border  are  enclosed  in  a  sheath  of  peritoneum 
derived  from  the  posterior  layer  of  the  broad  ligament.  In  this  way  the  ovary  is 
connected  along  the  whole  length  of  its  anterior  border  by  a  very  short  mesentery 
or  mesovarium  to  the  posterior  aspect  of  the  broad  ligament  (Fig.  769).  The  lower 
pole  of  the  ovary  is  connected  with  the  lateral  angle  of  the  uterus  by  a  ligament 
called  the  ligament  of  the  ovary  (ligamentum  ovarii  proprium).  This  has  the  form 
of  a  rounded  cord  enclosed  between  the  peritoneal  folds  of  the  broad  ligament, 
and  is  attached  to  the  uterus,  behind  and  below  the  point  of  entrance  of  the 
Fallopian  tube.  It  is  chiefly  composed  of  smooth  muscle  fibres  continuous  with 
those  of  the  uterus.  The  upper  pole  of  the  ovary  is  often  directly  connected 
with  one  of  the  largest  of  the  fimbrite  surrounding  the  abdominal  end  of  the 
Fallopian  tube,  which  receives  the  name  ovarian  fimbria  of  the  tube  (Fig.  769). 

Descent  of  the  Ovary. — Like  the  testes,  the  ovaries  at  first  lie  in  the  abdominal 
cavity,  and  only  later  assume  a  lower  position.  At  birth  the  ovary  lies  partly  in  the 
abdominal,  and  partly  in  the  pelvic  cavity ;  soon,  however,  it  takes  up  a  position  entirely 
within  the  pelvis.  It  is  a  rare  abnormality  for  the  ovary,  instead  of  entering  the  pelvis, 
to  take  a  coarse  similar  to  that  of  the  testis,  and  pass  through  the  inguinal  canal  into 
the  tissue  of  the  labium  majus. 

Structure  of  the  Ovary. — The  ovary  is  for  the  most  part  composed  of  a  connective 
tissue  stroma  (stroma  ovarii),  richly  supplied  by  blood-vessels  and  nerves.  The  stroma 
contains  very  numerous  spindle-shaped  connective  tissue  fibres,  and  some  elastic  tissue. 
The  surface  of  the  ovary  is  covered  by  a  layer  of  epithelium,  which  is  composed  of 
columnar  cubical  cells,  and  is  continuous  with  the  epithelium  of  the  peritoneum 
forming  the  mesovarium.  The  ovarian  epithelium  is  a  persistent  portion  of  the 
germinal  epithelium  of  the  embryo  which  covers  the  genital  ridges,  and  from  which  the 
ova  and  other  cells  of  the  Graafian  follicles  are  dei'ived.  The  position  in  which  it  be- 
comes continuous  with  the  peritonexmi  can  usually  be  distinguished  as  a  fine  white  line 
near  the  hilus  of  the  ovary.  Shining  through  the  eijithelium  of  the  fresh  uvary  (except 
in  old  age),  are  usually  to  be  seen  a  variable  number  of  small  vesicles — the  Graafian 
follicles  (folliculi  oophori  vesiculosi),  in  which  the  ova  are  contained.  The  number  of 
follicles  visible,  and  also  the  size  which  each  follicle  reaches  before  it  ruptures  and  sheds 
its  contents,  is  by  no  means  constant.  When  a  follicle  ruptures  and  discharges  the  ovum 
its  walls  at  first  collapse,  but  later  the  cavity  becomes  filled  with  extravasated  blood  and 
cellular  tissue  of  a  yellowish  colour.  The  resulting  structure,  called  a  corpus  luteum, 
slowly  degenerates  unless  impregnation  has  taken  place,  in  which  case  it  develops  and 
becomes  larger  during  pregnancy.  As  it  atrophies  the  cells  of  the  corijus  luteum 
disappear,  and  the  structure,  losing  its  yellow  colour,  receives  the  name  of  corpus  albicans. 
Owing  to  the  periodic  rupture  of  the  Graafian  follicles,  the  surface  of  the  ovary,  which  is 
at  first  smooth  and  even,  becomes  in  old  age  dimpled  and  puckered. 

A  section  through  the  ovary,  especially  in  young  children,  presents  in  its  superficial 
part  a  somewhat  granular  appearance,  which  is  due  to  the  presence  of  enormous  num- 
bers of  small  follicles,  or  collections  of  epithelial  cells,  embedded  in  the  connective  tissue 
near  the  surface  of  the  ovary.  The  larger  follicles  lie  deeper  in  the  stroma,  but  when 
they  become  fully  developed  they  pass  towards  the  surface,  where  the  ripe  follicles  are 
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often  seen  slightly  projecting  and  ready  to  burst.  In  the  deepest  part  of  the  ovary  the 
blood-vessels  are  most  numerous,  and  here  also  some  smooth  muscle  fibres  are  to  be  found. 

The  ova  and  other  cells  that  compose  the  Graafian  follicles  are  derived  originally 
from  the  germinal  epithelium  which  covers  the  developing  ovary  in  the  embryo.  The 
epithelium,  at  first  simple,  grows  down  into  the  underlying  tissue  iji  the  form  of  branching 
tube-like  processes,  or  "  egg  tubes."  This  takes  place  during  fcotal  development,  and  the 
branching  cellular  processes  so  formed  become  broken  up,  within  the  stroma,  into  little 
nests  or  clumps  of  cells,  each  of  which  becomes  a  Graafian  follicle.    From  the  beginning 

Cowngrowths  of  epitliPliuni        Oviini  witli  its  investing  cells  Stratum  graiuilosum 


Nests  of  epithelial  colls      Ovarian  stroma         Graafian  follicle  Ovum  Discus  proligerus 


FlO.  771. — A.  DiAGKAMMATIC  REPRESENTATION  OP  THE  MANNER  IN  WHICH  THE  GRAAFIAN  FOLLICLES  ARISE 

IN  THE  Developing  Ovary.  B.  Diagram  Illustrating  the  Structure  of  a  Ripe  Graafian 
Follicle. 

some  cells  of  the  egg  tubes  are  larger  than  the  others ;  these  become  the  future 
ova,  while  the  cells  round  them  become  the  investing  cells  of  the  follicle.  The  investing 
cells,  at  first  flattened,  form  a  layer  round  each  ovum.  Later  becoming  columnar,  as  the 
follicle  increases  in  size  and  sinks  more  deeply  in  the  stroma,  these  cells  divide  in  such  a 
manner  that  the  ovum  becomes  surrounded  by  a  double  layer  of  cells.  Fluid — liquor 
folliculi — accumulates  between  the  two  cellular  layers,  except  at  one  place  where  the 
inner  cells  surrounding  the  ovum  remain  attached  to  the  outer  layer  or  stratum  granu- 
losum.  To  the  inner  cellular  mass  enclosing  the  ovum  (ovulum)  the  term  discus 
proligerus  (cumulus  oophorus)  is  applied  (Fig.  771).  The  ripe  follicle  contains  a  rela- 
tively' large  amount  of  fluid,  and  the  surrounding  stroma  becomes  differentiated  to  form 
for  each  a  capsule  (theca  folliculi).  This  capsule  is  composed  of  an  inner  more  vascular 
layer  (tunica  interna),  and  an  outer  more  fibrous  layer  (tunica  externa).  There  is 
reason  to  believe  that  in  the  human  embryo  the  formation  of  ova  and  follicles  ceases  at 
birth,  and  that  the  appearances  which  have  led  to  the  belief  that  they  may  originate 
during  the  first  years  of  extrauterine  life  have  been  due  to  pathological  conditions.  In 
the  young  child  there  are  enormous  numbers  of  small  follicles  in  the  superficial  parts  of 
the  ovary,  but  in  old  age  none  are  found  in  this  situation. 

The  appearance  and  structure  of  the  ripe  ova  have  been  described  on  p.  10. 

Vessels  and  Nerves  of  the  Ovary.— The  ovarian  arteries,  corresponding  to  the  spermatic 
arteries  of  the  male,  are  a  pair  of  long  slender  vessels  which  spring  from  the  anterior  aspect  of 
the  aorta,  below  the  level  of  origin  of  the  renal  vessels..  Each  gains  the  pelvis  in  the  fold  of 
jjeritoneiim  forming  the  suspensory  ligament  of  the  ovary,  and  enters  the  ovary  at  its  anterior 
border  or  liilus.  These  ovarian  arterie.s  anastomose  freely  near  the  hilns  with  other  A'essels 
derived  from  the  uterine  arteries.  The  blood  is  returned  by  a  series  of  comnumicating  veins, 
similar  to  the  pampiniform  plexus  in  the  male.  The  nerves  of  the  ovary  are  derived  chiefly 
from  a  plexus  which  accomj^anies  the  ovarian  artery,  and  which  is  continuous  aliove  with  the  renal 
plexus.  Other  fibres  are  derived  from  the  lower  part  of  the  aortic  plexus,  and  join  the  plexus 
on  the  ovarian  artery  (plexus  arterise  ovaricae).  The  lympliatiGS  of  the  ovary  join  with  those 
from  the  upper  part  of  the  uterus,  and  end  in  the  lumbar  lymphatic  glands. 

THE  FALLOPIAN  TUBES. 

The  Fallopian  tubes  (tubae  uteriuse)  are  a  pair  of  ducts  or  passages  which  convey 
the  ova,  discharged  from  the  Graafian  follicles  of  the  ovaries,  to  the  cavity  of  the 
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uterus.  Each  tulje  is  about  four  and  a  quarter  inches  in  length,  and  opens  at  one  end 
into  the  pelvic  cavity  near  the  ovary,  and  at  the  other  end  by  a  smaller  opening  into 
the  lateral  part  of  the  uterine  cavity.  The  tu])e  is  enclosed  in  a  fold  of  peritoneum 
called  the  mesosalpinx,  which  is  a  portion  of  tlie  l)road  ligament  of  the  uterus. 

The  opening  of  the  tu])e  into  the  pelvic  cavity — or  ostium  abdominale — is  of 
small  size,  l)eing  only  about  2  mm.  in  diameter  when  its  walls  are  relaxed,  and 
much  narrower  when  the  muscular  coat  of  the  tube  is  contracted.  This  opening  is 
placed  at  the  bottom  of  a  funnel-like  expansion  of  the  tube  called  tlie  infundibulum 
(infundibiilum  tubse  uterinse),  the  margins  of  which  are  produced  into  a  numl)er  of 
irregular  processes  or  fimbriae  (fimbriie  tubiie).  The  presence  of  these  iimliri;e — many 
of  which  are  branched  or  fringed — lias  given  the  name  fimbriated  extremity  to  this 
end  of  the  Fallopian  tnhe.  Tlie  surface  of  tlie  fimlirite  which  looks  into  the  cavity 
of  the  infundi))ulnm  is  covered  by  a  mucous  membrane  continuous  with  that  lining 
the  tube,  while  the  outer  surface  is  clothed  by  peritoneum.  The  mucous  surfaces 
of  the  larger  fimbriae  present  ridges  and  grooves  which  are  continued  into  the  folds 
and  furrows  of  the  mucous  coat  of  the  tube.  One  of  the  fimbriae,  usually  much 
larger  than  the  rest,  is  connected  either  directly  or  indirectly  with  the  upper  or 
tubal  pole  of  the  ovary,  and. to  it  the  name  ovarian  fimbria  (fimbria  ovarica)  is 
applied.  The  part  of  the  tube  continuous  with  the  infundibulum,  and  into  which 
the  ostium  abdominale  leads,  is  called  the  ampulla  (ampulla  tulipe  uterinae).  This, 
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A  B 
Fig.  772. — A.  The  Utbrus  and  Broad  Ligament,  seen  khom  behind  (the  broad  ligament  has  been 

spread  out). 

a,  h,  and  c,  the  isthmus  tubs,  the  ligament  of  the  ovary,  and  the  round  ligament  of  the  right  side  cut  short. 
B.  Diagrammatic  Representation  of  the  Uterine  Cavity. 

the  widest  and  longest  portion  of  the  Fallopian  tube,  is  usually  tortuous  and  of 
varying  diameter,  l)eing  in  some  places  slightly  constricted,  and  in  others  dis- 
tended. The  wide  thin-walled  ampulla  ends  in  the  narrower,  thicker-walled,  and 
much-shorter  isthmus  (isthmus  tubte  uterinae)  which  joins  the  lateral  angle  of  the 
uterus.  The  last  portion  of  the  canal,  or  pars  uterina,  is  embedded  in  the  substance 
of  the  uterine  wall  which  it  traverses  to  reach  the  cavity  of  the  uterus  (Fig.  772,  B). 
The  opening  into  the  uterus  (ostium  uterinum  tubae)  is  smaller  than  the  ostium 
abdominale,  being  alxnit  1  mm.  in  diameter.  The  lumen  of  the  canal  gradually 
increases  in  width  as  it  is  traced  outwards  from  the  uterus. 

Course  of  the  Fallopian  Tube. — Traced  from  the  lateral  angle  of  the  uterus 
the  Fallopian  tube  is  directed  at  first  horizontally  outwards  towards  the  lower,  or 
uterine,  pole  of  the  ovary.  It  then  passes  upwards  in  relation  to  the  inner  side  of 
the  anterior  l)order  of  the  ovary,  until  it  reaches  the  upper  or  tul)al  pole,  where, 
arching  backw"ards,  it  descends  along  the  posterior  border,  resting  against  the  inner 
surface  of  the  gland  (Fig.  774).  As  the  Fallopian  tube  describes  this  loop  it  often 
covers  almost  the  entire  inner  surface  of  the  ovary.  The  fiml)riated  end  of  the 
tube  lies  against  the  lower  part  of  the  inner  surface  of  the  ovary,  and  from  it  the 
(ovarian  fimljria  passes  upwards  to  gain  attachment  to  the  tubal  pole. 

The  fimbriated  end  of  the  Fallopian  tuLe  lies  in  the  alxlominal  cavity  until  the  ovary  in  its 
descent  has  entered  the  pelvis. 
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Structure  of  the  Fallopian  Tubes. — The  wall  of  each  tube,  which  is  surrounded 
by  a  covering  of  peritoneum  (tunica  serosa),  is  composed  of  a  number  of  concentric  layers, 
or  coats.  Immediately  beneath  the  peritoneum  is  a  lnyer  of  loose  connective  tissue  in 
which  lie  many  vessels  and  nerves  (tunica  adventitia).  Beneath  this  is  the  muscular  coat 
(tunica  muscularis)  composed  of  two  strata  of  smooth  muscle  fibres, — a  more  superficial 
stratum  of  longitudinally  arranged  fibres  (stratum  longitudinale),  and  a  deeper  layer  the 
fibres  of  which  are  circularly  disposed  (stratum  circulare).  Deeper  is  a  submucous 
layer  (tela  siibmucosa),  and  then  tiie  lining  membrane  or  mucous  coat  (tunica  mucosa). 
In  the  part  of  the  tube  near  the  uterus  the  muscular  layer  is  thicker  than  towards  the 
other  end,  and  in  the  isthmus  it  forms  the  chief  part  of  the  wall.  The  mucous  membrane, 
on  the  contrary,  is  thickest  towards  the  fimbriated  end,  and  here  it  forms  the  greater  pai't 
of  the  tulie  wall.    The  stratum  of  circular  muscle  fibres  is  especially  well  developed  near 
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Fia.  773. — Side  Wall  of  the  Female  Pelvis,  showing  the  position  of  tlie  ovary  and  the  course  of  the 

Fallojiian  tulie. 

The  pelvis  has  been  cut  in  section  parallel  to,  but  at  .some  distance  from,  the  mesial  plane.    Drawn  from  a 
preparation  in  the  Anatomical  Dejjartment,  Trinity  College,  Dublin. 


the  uterus.  The  mucous  membrane  is  thrown  into  numerous  longitudinal  folds  (plicse 
tubarije),  which  in  the  ampulla  are  e.xceedingly  comjjlex,  the  larger  ones  being  beset  on 
the"  surface  \)y  smaller  folds.  In  transverse  sections  of  this  part  of  the  tube  the  folds  of 
the  mucous  membrane  look  like  large  branching  processes  projecting  into,  and  almost 
completely  filling  up,  the  lumen  of  the  tube.  The  mucous  membrane  is  covered  by  a 
ciliated  epithelium,  the  cilia  of  which  tend  to  drive  the  "contents  of  the  tube  towards  the 
uterus.  The  epithelium  is  continuous  with  that  of  the' uterus,  and  at  the  fimbriated  end 
joins  tlie  peritoneum. 

Vessels  and  Nerves  of  the  Fallopian  Tube. — The  Fallojjian  tube  receives  its  chief  l)lood- 
.supply  froin  a  liraucli  of  tlie  uterine  artery  (ramus  tuliarius),  but  it  also  receives  small  branches 
derived  I'roiu  the  ovarian  artery.  The  veins  of  the  tuhe  jiour  their  blood  partly  into  tlie  uterine 
and  partly  into  the  ovarian  veins.  Tlie  nerves  are  derived  from  the  plexus  that  supplies  the 
ovary,  and  also  from  tlir  plexus  in  connexion  with  tlie  uterus.  The  lymphatics  join  the  lumbar 
grpirp  of  glands. 
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Epoophoron  and  Paroophoron. — These  are  two  rudimentary  structures  found 
between  the  layers  of  the  liroad  ligament. 

Tlie  epoophoron  or  parovarium  (sometimes  called  the  organ  of  Eosenmtiller)  lies  * 
in  the  mesosalpinx  between  the  Fallopian  tube  and  the  ovary.  In  the  adult  it 
consists  of  a  number  of  small  rudimentary  blind  tubules  lined  by  an  epithelium. 
One  of  these  tubules,  called  the  duct  of  Gartner  (ductus  epoophori  longitudinalis), 
lies  close  and  nearly  parallel  to  the  Fallopian  tube,  and  is  joined  l)y  a  number  of  the 
other  tubules  (ductuli  transversi)  which  enter  it  at  right  angles  from  the  neighbour- 
hood of  the  ovary.  The  duct  of  Gartner  is  a  persistent  portion  of  the  Wolffian  duct, 
and  represents  the  canal  of  the  epididymis  in  the  male,  while  the  tubules  which 
join  it  are  derived  from  the  mesonephros  and  represent  the  vasa  efferentia  and  coni 
vasculosi  of  the  testis  (and  prolialdy  also  the  ductuli  aljerrantes  of  the  canal  of  the 
epididymis).  The  epoophoron  is  best  seen  liy  holding  up  the  part  of  the  broad 
ligament  in  which  it  lies  to  the  light. 

One  or  more  small,  pedunculated,  cystic  structures,  called  hydatids  of  Morgagni 
(appendices  vesiculosi),  are  often  seen  near  the  infundibulum  of  the  Fallopian  tube. 
These  are  usually  supposed  to  represent  portions  of  the  upper  end  of  the  Wolffian 
duct. 

The  paroophoron  is  a  collection  of  rudimentary  tubules  also  enclosed  by  the  layers 
of  the  mesosalpinx,  l)ut  lying  nearer  the  uterus  than  the  epoophoron.  These  very 
rudimentary  tubules  represent  the  paradidymis  or  organ  of  Giraldes,  in  the  male,  and 
are  derived  from  the  part  of  the  mesonephros  which  lies  nearer  the  caudal  end  of 
the  body  of  the  embryo.  The  tubules  are  only  easily  made  out  in  the  child  at 
birth. 

THE  UTERITS. 

The  uterus  or  womb  is  a  hollow  thick-walled  muscular  organ  placed  within  the 
pelvis  between  the  bladder  in  front  and  the  rectum  behind.  The  ova  discharged 
from  the  ovary  enter  the  uterus  by  one  of  the  Fallopian  tubes,  and  if  fertilisation 
takes  place,  undergo  their  development  within  it.  In  form  the  uterus  is  somewhat 
pear-shaped,  the  wide  upper  end  of  the  organ  projecting  freely  upwards  and  for- 
wards into  the  pelvic  cavity,  while  the  lower  more  constricted  part  is  connected 
with  the  vagina.  The  usual  length  of  the  adult  uterus  (when  non-pregnant)  is 
three  inches,  its  greatest  breadth  is  nearly  two  inches,  and  its  maximum  thickness 
is  about  one  inch. 

In  the  description  of  the  uterus  we  distinguish  between'an  upper  larger  portion, 
somewhat  flattened  from  before  backwards,  composed  of  fundus  and  body,  and  a 
lower  more  cylindrical  part  called  the  cervix  (Fig.  774).  The  part  of  the  uterus 
that  lies  al)ove  the  level  of  a  line  joining  the  points  of  entrance  of  the  Fallopian 
tubes  is  called  the  fundus  (fundus  uteri).  The  fundus  is  convex  from  before  back- 
wards and  from  side  to  side,  its  anterior  and  posterior  aspects  being  directly  con- 
tinuous with  the  anterior  and  posterior  surfaces  of  the  body  of  the  organ.  The 
body  of  the  uterus  (corpus  uteri),  when  seen  from  in  front  or  from  behind,  has  a 
somewhat  triangular  outline,  and  lies  below  the  fundus,  being  directly  continuous 
with  it.  The  base  of  the  triangle  is  directed  upwards  and  formed  by  a  Hue  joining 
the  lateral  angles  of  the  uterus,  or  points  of  entrance  of  the  Fallopian  tubes,  while 
the  sides  of  the  triangle  correspond  to  the  lateral  borders  of  the  uterus,  which 
extend  on  each  side  from  the  lateral  angle  to  the  cervix.  The  lateral  hordes-  (margo 
lateralis)  separates  on  each  side  the  anterior  surface  (facies  vesicalis)  from  the 
posterior  surface  (facies  intestinalis)  of  the  body.  Both  these  surfaces  are  rounded, 
but  the  posterior  is  much  the  more  convex.  The  anterior  surface  rests  against  the 
upper  aspect  of  the  bladder,  from  which  it  is  usually  separated  only  by  the  layers 
of  peritoneum  forming  the  utero-vesical  pouch.  The  posterior  surface  forms  the 
chief  part  of  the  anterior  wall  of  the  deep  recess  situated  between  the  uterus  and 
rectum,  and  is  \isually  in  contact  with  some  part  of  the  intestine. 

The  neck,  or  cervix  uteri,  is  cylindrical,  and  at  its  commencement  is  marked  off 
from  the  body  by  a  slight  constriction.  Its  length  is  about  one  inch,  and  its  lower  end, 
tapering  somewhat,  enters  the  upper  part  of  the  vagina.    The  cervix  is  attached  to 
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the  margin  of  the  openiug  in  the  vaginal  wall,  through  which  it  passes,  and  in  this 
way  a  supravaginal  portion  (portio  supravaginalis)  is  marked  off  from  a  vaginal 
•  portion  (portio  vaginalis)  of  the  cervix.  In  the  vaginal  portion  of  the  cervix  there 
is  an  opening — the  external  os  uteri  (orificium  externum  uteri) — through  which  the 
cavity  of  the  uterus  communicates  with  that  of  the  vagina.  In  the  uterus  which 
has  never  been  pregnant  this  opening  is  nearly  circular,  but  in  women  who  have 
borne  children  it  is  usually  a  transverse  slit  with  a  somewhat  irregular  outline.  In 
front  of  and  behind  this  opening  the  cervix  forms  two  lips,  an  anterior  and  a 
posterior  (labium  anterius  et  labium  posterius).  The  anterior  lip  is  thicker,  more 
rounded,  and  placed  upon  a  higher  level  than  the  posterior  lip,  which  is  longer  and 
thinner.  The  cervix  enters  the  vagina  through  the  upper  part  of  its  anterior  wall 
in  such  a  manner  that  the  external  os  uteri  is  directed  against  the  upper  part  of 
the  posterior  vaginal  wall  (Fig.  775). 
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Fig.  774. — A.  The  Uterus  and  Broad  Ligament  seen  from  behind  (the  broad  ligament  has  been 

spread  out). 

a,  h,  and  c,  the  isthmus  tulire,  the  ligament  of  the  ovary,  and  the  round  ligament  of  the  right  side  cut  short. 
B.  Diagrammatic  Representation  of  the  Uterine  Cavity  opened  up  from  in  front. 

Cavity  of  the  Uterus. — The  cavity  of  the  uterus  (cavum  uteri)  is,  owing  to  the 
great  thickness  of  the  uterine  wall,  small  in  comparison  with  the  size  of  the  organ. 
In  the  body  the  cavity  is  merely  a  narrow  chink  between  the  anterior  and  posterior 
walls,  which  are  almost  in  contact  (Fig.  775).  When,  however,  the  organ  is  opened 
from  above  downwards  in  coronal  section  the  cavity  of  the  body  has  a  triangular 
outline  (Fig.  774).  The  base  of  the  triangle  is  directed  upwards,  and  corresponds 
to  a  line  drawn  between  the  openings  of  the  Fallopian  tubes,  while  the  apex  is 
directed  downwards  towards  the  cervix.  The  sides  of  the  triangle  are  convex 
inwards  towards  the  cavity.  The  cavity  of  the  body  becomes  continuous  with  that 
of  the  neck,  or  cervix,  by  an  opening  called  the  internal  os  uteri  (orificium  internum 
uteri),  which  is  a  little  smaller  and  more  circular  than  the  external  os  uteri.  The 
cavity  of  the  cervix,  or  cervical  canal  (canalis  cervicis  uteri),  extends  from  the 
internal  os  uteri,  where  it  joins  the  cavity  of  the  body,  to  the  external  os  uteri, 
where  it  opens  into  the  vagina.  It  is  a  somewhat  spindle-shaped  passage  which 
is  narrower  above  and  below  than  in  its  middle  part ;  also  sections  show  that 
its  antero-posterior  diameter  is  shorter  than  its  transverse  one,  owing  to  an 
approximation  of  its  anterior  and  posterior  walls.  In  the  body  of  the  uterus  the 
walls  of  the  cavity  are  smooth  and  even,  but  in  the  cervical  canal  the  mucous 
membrane  forms  a  remarkable  series  of  folds,  called  the  arbor  vitse  uterinae  or  plicae 
palmatse.  These  consist  of  an  anterior  and  a  posterior  longitudinally  directed  fold 
or  ridge,  from  which  a  large  number  of  secondar}"  folds,  or  rugae,  branch  off  obliquely 
upwards  and  outwards  (Fig.  774). 

Connexions  of  the  Uterus  and  its  Relations  to  the  Peritoneum. — In  addition 
to  the  Fallopian  tubes  at  its  upper  lateral  angles,  and  the  vagina  lielow,  the  uterus 
possesses  other  important  connections.  Some  of  these  are  simply  peritoneal  folds 
passing  from  the  uterus  to  neighbouring  structures ;  others  contain  fibrous 
connective  tissue,  or  smooth  muscle  fibres. 
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The  peritoneum  covering  the  fundus  of  the  xiterus  is  continued  down  over  the 
anterior  surface  as  far  as  the  junction  of  the  body  and  cervix,  where  it  leaves  the 
uterus  to  be  reflected  on  to  the  bladder,  forming  the  utero-vesical  fold,  or  "  anterior 
ligament  of  the  uterus."  The  peritoneal  recess  between  the  l)ladder  and  the  utenis 
is  called  the  utero-vesical  pouch  (excavatio  vesico-uterina).  Below  the  level  of  tlie 
floor  of  this  pouch  the  anterior  aspect  of  the  cervix  is  connected  hj  loose  tissiie 
with  the  posterior  or  l)asal  part  of  the  bladder.  Posteriorly  the  peritoneum  covers 
the  whole  of  the  uterus,  except  the  small  portion  of  the  cervix  which  projects  into 
the  upper  part  of  the  vagina.  The  peritoneum  covering  the  posterior  surface  of 
the  uterus  is  continued  to  such  a  depth  that  it  invests  a  small  portion  of  the  upper 
part  of  the  posterior  wall  of  the  vagina  before  it  is  reflected  on  to  the  rectum, 
forming  the  recto-vaginal  fold  (Fig.  775).  The  deep  pouch  l)etween  the  uterus  and 
vagina  in  front  and  the  rectum  l)ehind  is  called  the  pouch  of  Douglas  (excavatio 
recto-uterina),  and  its  entrance  is  bounded  on  each  side  l)y  a  crescentic  peritoneal 
fold  which  passes  from  the  posterior  surface  of  the  cervix  uteri  to  the  posterior  wall 
of  the  pelvis,  where  it  ends  near  the  side  of  the  rectum.  These  crescentic  folds  are 
called  the  recto-uterine  folds  (plicse  recto-uterince),  or  folds  of  Douglas,  and  each  con- 
tains l)etween  its  layers  a  consideral)le  amount  of  flbrous  and  smooth  muscular  tissue. 
Some  of  these  flbres,  wliich  are  continuous  with  the  uterine  wall,  pass  backwards  to 
reach  the  rectum  and  constitute  the  recto-uterine  muscle  (musculus  recto-uterinus) ; 
others,  gaining  an  attachment  to  the  front  (»f  the  sacrum,  form  the  utero-sacral 
ligament.  In  many  cases  the  recto-uterine  folds  become  continuous  with  one 
another  across  the  middle  line  behind  the  cervix  uteri.  The  peritoneum  of  the 
anterior  and  posterior  surfaces,  leaving  the  uterus  along  each  lateral  border  to  reach 
the  side  wall  of  the  pelvis,  forms  the  Itroad  ligament  of  the  uterus. 

The  broad  ligament  (ligamentum  latum  uteri)  is  a  wide  peritoneal  fold  which 
passes  from  the  lateral  border  of  the  uterus  to  the  pelvic  wall,  and  contains  between 
its  layers  several  important  structures  (Fig.  774).  The  plane  of  the  inner  part  of 
the  ligament  is  determined  l)y  tlie  position  of  the  uterus.  When  the  uterus  is 
normally  placed  the  ligamejit  has  an  anterior  surface  which  lo<iks  downwards  as 
well  as  forwards,  and  a  posterior  one  which  looks  upwards  and  backwards.  Near 
its  attachment  to  the  pelvis  the  ligament  is  placed  more  vertically.  The  free  edge 
of  the  ligament  contains  the  Fallopian  tube  (Fig.  774),  and  follows  the  course  pursued 
by  that  structure.  Thus,  in  the  undisturbed  condition  of  parts,  it  at  first  passes 
horizontally  outwards  towards  the  lower  end  of  the  ovary,  where  it  ascends  to  arch 
over  the  upper  pole  of  the  ovary  on  its  inner  side.  Owing  to  the  course  pursued 
by  the  Fallopian  tube  round  the  ovary,  the  broad  ligament  forms  a  kind  of  curtain 
over  the  gland,  and  the  ovary  comes  to  lie  in  a  little  pocket  formed  by  the  broad 
ligament,  to  which  the  name  of  bursa  ovarii  is  applied  (Fig.  773).  This  bursa  ovarii 
is  not  to  l)e  confused  with  the  fossa  ovarica,  or  depression  in  the  side  wall  of  the 
pelvis,  against  which  the  ovary  is  usually  placed, 

The  positions  of  the  various  structures  in  connexion  with  the  Inroad  ligament 
are  most  easily  demonstrated  when  the  ligament  is  spread  out  as  flat  as  possible. 

The  ovary  is  connected  with  the  posterior  layer  of  the  broad  ligament  by  a  very 
short  mesentery,  called  the  mesovarium,  which,  passing  to  the  hilus,  encloses  the 
ovarian  vessels  and  nerves.  The  part  of  the  broad  ligament  which  slings  the 
Fallo])ian  tube  is  called  the  mesosalpinx.  When  the  ligament  is  spread  out,  the 
mesosalpinx  has  the  form  of  a  narrow  triangle,  the  apex  of  which  is  at  the  lateral 
angle  of  the  uterus,  while  the  upper  side  is  formed  by  the  Fallopian  tube,  and  the 
lower  one  hy  the  ligament  of  the  ovary  and  the  ovary  itself.  The  narrow  base  of 
the  triangle  is  directed  outwards.  Between  the  layers  of  this  part  of  the  broad 
ligament  are  situated  the  parovarium  (epoophoron)  and  the  paroophoron  (Fig.  774). 
The  part  of  the  broad  ligament  l)elow  the  level  of  the  mesosalpinx  is  termed 
mesometrium,  and  contains,  especially  in  its  lower  part,  a  consideral^le  amount  of 
fatty  connective  tissue  (parametrium)  and  unstriped  muscle  fibres. 

The  ligament  of  the  ovary  (ligamentum  ovarii  proprium)  jis  a  rounded  fibrous 
cord,  of  al)out  one  to  one  and  a  half  inches  in  length,  which  is  attached  by  its  outer 
end  to  the  lower  pole  of  the  ovary,  and  by  its  inner  one  to  the  lateral  angle  of  the 
uterus  immediately  below  and  l)('hind  the  entrance  of  the  Fallopian  tulie.  This 
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ligament,  which  is  largely  composed  of  uiistriped  muscle  fibres  continuous  with  those 
of  the  uterus,  is  enclosed  in  a  slight  fold  derived  from  the  posterior  layer  of  the 
broad  ligament. 

.The  ligament  of  the  ovarj^  represents  tlie  upper  portion  of  the  gnbernacnluni  which  appears 
in  the  emliryo. 

The  round  ligament  of  the  uterus  (ligamentum  teres  uteri)  is  a  narrow  flat 
l)and  attached  to  the  uterus  just  in  front 'of  and  a  little  l)elow  the  opening  of  the 
Fallopian  tube.  Near  the  uterus  it  contains  numerous  smooth  muscle  fibres,  which 
are  continuous  with  those  of  the  uterus ;  further  on  it  is  chiefly  composed  of 
fibrous  connective  tissue.  Lying  in  the  anterior  part  of  the  broad  ligament,  it 
reaches  the  pelvic  wall,  and  is  then  directed  forwards  and  slightly  upwards  to  cross 
the  obliterated  hypogastric  artery  and  the  pelvic  ])rim.    After  it  has  reached  the 


Fio.  77.5. — Mesial  Section  of  the  Pelvis  in  an  Adult  Fe;,l\le. 

The  cavity  of  the  uterus  is  indicated  diagranimatically.    From  a  specimen  in  the  Anatonncal 
Department,  Trinity  College,  Dublin. 

pelvic  wall  its  course  is  comparable  to  that  of ■  the  vas  deferens  in  the  male  (Fig. 
773),  and,  like  the  latter,  it  leaves  the  abdomen  to  traverse  the  inguinal  canal.  It 
finally  ends  in  the  subcutaneous  tissue  and  skin  of  the  la))ium  majus.  Its  terminal 
part  is  composed  of  connective  tissue  only. 

In  some  cases  a  small  diverticulum  of  the  peritoneal  cavity  can  lie  traced  accompanying  the 
round  ligament  through  the  abdominal  wall.  This  is  called  the  canal  of  Nuck  (processus 
vaginalis  peritonei),  and  corresjionds  to  the  jirocessus  vaginalis  of  the  male  (p.  1111). 

The  round  ligament  of  the  uterus  represents  the  lower  portion  of  the  gubernaculum  testis 
which  appears  in  the  male  embryo  (see  p.  1112). 
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Position  and  Relations  of  the  Uterus.  —  The  position  occupied  by  the 
uterus  in  the  pelvis  is  not  always  the  same,  as  it  varies  to  some  extent  with  the 
conditions  of  the  neighbouring  organs.  The  lower  cervical  part  is,  however,  much 
more  firmly  fixed  in  place  than  the  body  and  fundus,  which  possess  a  considerable 
amount  of  mobility.  The  uterus  rarely  lies  exactly  in  the  mesial  plane  of  the 
body,  but  usually  bends  to  one  or  other  side,  most  frequently  towards  the  right. 
The  anterior  surface  of  the  uterus  rests  against  the  bladder,  and  follows  the  rising 
or  falling  of  its  superior  wall  as  that  organ  becomes  filled  or  emptied.  When  the 
bladder  is  empty  the  long  axis  of  the  uterus  points  forwards  and  upwards,  and  the 
organ  is  said  to  be  in  an  anteverted  position.  Also  the  long  axis  of  the  uterus  is 
bent  on  itself  where  the  body  joins  the  cervix,  and  so  the  organ  is  said  to  be 
antejiexed.  The  anteflexion  is  due  to  the  fact  that  the  more  rigid  cervix  is  firmly 
fixed,  while  the  movable  upper  part  of  the  uterus  sinks  forwards,  following  the 
l)ladder  wall.  With  the  empty  condition  of  the  bladder  the  angle  formed 
between  the  long  axis  of  the  uterus  and  that  of  the  vagina  is  about  a  right  angle. 
When  the  bladder  becomes  filled,  the  antevertion  and  anteflexion  of  the  uterus 
])ecome  less  marked,  owing  to  the  body  and  fundus  being  pushed  backwards. 
Finally,  if  the  rectum  be  empty  and  the  bladder  very  much  distended,  the  uten;s  is 
pushed  so  much  backwards  that  the  long  axis  of  the  organ  may  nearly  correspond  to 
that  of  the  vagina.  The  uterus  is  then  said  to  be  retroverted.  In  the  upper  part  the 
peritoneum  intervenes  between  the  anterior  surface  of  the  uterus  and  the  bladder, 
on  whicli  it  lies ;  lower  down  the  two  organs  are  separated  merely  liy  connective 
tissue.  The  posterior  surface  looks  into  the  pouch  of  Douglas,  and  is  usually,  like 
the  fundus  above,  in  relation  to  some  loops  of  intestine.  Laterally  the  uterus  is 
related  to  the  broad  ligaments.  The  terminal  parts  of  the  ureters  pass  downwards, 
inwards,  and  a  little  forwards  on  each  side  of  the  cervix,  but  are  separated  from  it 
by  an  interval  of  about  three-quarters  of  an  inch.  The  lowest  part  of  the  cervix  is, 
as  we  have  seen,  enclosed  within  the  cavity  of  the  vagina. 

On  each  side  of  the  cervix  uteri  and  upper  part  of  the  vagina  there  is  an 
interval  in  which  lie  numerous  large  vessels.  These  are  surrounded  by  loose  fatty 
tissue,  wliich  is  continued  upwards  for  a  considerable  distance  between  the  layers 
of  the  broad  ligament.  This  loose  tissue,  which  is  of  surgical  importance,  has 
received  the  name  parametrium. 

Structure  of  the  Uterus. — Tlie  thick  uterine  wall  is  composed  of  three  chief 
layers,  which  are  termed  respectively  the  serous,  the  muscular,  and  the  mucous  coats. 

The  serous  coat  or  perimetrium  (tunica  serosa),  is  derived  from  the  peritoneum,  and 
covers  the  whole  organ  except  the  anterior  surface  of  the  cervix,  and  the  part  of  the 
cervix  which  projects  into  the  vagina.  At  the  lateral  borders  it  is  continued  into  the 
broad  ligaments.  The  serous  coat  of  the  uterus  is  very  firmly  adherent  to  the  deeper 
layers,  and  cannot  be  easily  peeled  off  without  tearing  either  it  or  the  underlying  muscular 
tissue. 

The  muscular  coat  (tunica  muscularis)  is  composed  of  imstriped  fibres,  and  forms  the 
chief  part  of  the  uterine  wall.  The  more  superficial  layer  of  this  muscular  coat  sends 
prolongations  into  the  recto-uterine  folds,  into  the  round  and  bi'oad  ligaments  of  the  uterus, 
and  into  the  ovarian  ligaments.  Other  fibres  join  the  walls  of  the  Fallojjian  tubes.  The  main 
branches  of  the  blood-vessels  and  nerves  of  the  uterus  lie  among  the  muscle  fibres.  In  the 
deeper  layers  of  the  muscular  coat  a  considerable  amount  of  connective  tissue  and  some 
elastic  fibres  are  to  be  found.  The  muscular  coat  of  the  cervix  (tunica  muscularis 
cervicis)  contains  more  connective  and  elastic  tissue  than  that  of  the  body,  and  hence  the 
greater  firmness  and  rigidity  of  the  cervical  part  of  the  uterus. 

The  deeper  and  thicker  part  of  the  muscular  tissue  of  the  uterus  is  considered  by  some 
anatomists  to  represent  a  muscularis  mucosae,  and  is  therefore  described  as  part  of  the 
mucous  coat.  The  deep  and  superficial  portions  of  the  muscular  coat  are,  howevei',  quite 
continuous,  and  there  is  no  representative  of  a  submucous  vascular  layer  of  tissue  such 
as  in  the  alimentary  canal  separates  the  muscular  coat  from  the  muscularis  mucosae.  In 
the  uterus  the  blood-vessels  lie  in  the  muscular  coat. 

The  mucous  coat  (tunica  mucosa)  in  the  body  of  the  uterus  is  smooth  and  soft,  and 
covered  by  columnar  ciliated  epithelium.  Simple  tubular  glands  (glandidse  uterinse), 
also  lined  by  a  ciliated  epithelium,  are  present  in  the  mucous  membrane,  and  penetrate 
in  their  deeper  parts  into  the  muscular  coat.    In  the  cervix  of  the  uterus  the  mucous 
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coat  is  firmer  and  more  fibrous  than  in  the  body,  and  its  surface  is  not  smooth,  but 
presents  a  number  of  peculiarly  disposed  ridges,  which  have  been  already  described. 
Like  the  mucous  membrane  of  the  body  of  the  uterus,  that  of  the  cervix  is  covered  by  a 
ciliated  epithelium  which  passes  into  squamous  epithelium  just  inside  the  external  os  uteri. 
The  cervix  utei'i  possesses,  in  addition  to  luibranched  tubular  glands,  resembling  those 
present  in  the  body,  numerous  somewhat  branched  glands  (glandulse  cervicales  uteri). 
Both  kinds  of  glands  are  lined  by  ciliated  epithelium.  In  many  cases  little  clear  re- 
tention cysts,  ovules  of  Naboth,  are  to  be  seen  in  the  cervical  mucous  membrane,  which 
arise  as  a  result  of  obstruction  at  the  mouths  of  the  glands. 

Difference  in  the  Uterus  at  Different  Ages. — At  lirth  the  cervix  uteri  is 
relatively  larger  than  in  the  adult  organ,  and  its  cavity  is  not  distinctly  marked 
off  from  the  interior  of  the  body  by  an  internal  os  uteri.  At  this  time  also  the 
arbor  vitte  extends  throughout  the  whole  length  of  the  uterus.  The  organ  grows 
slowly  until  just  before  puberty,  when  its  growth  is  rapid  for  a  time.  As  the 
body  increases  in  size  the  mucous  membrane  becomes  smooth  and  the  arbor  vitae 
becomes  restricted  to  the  cervix.  In  women  who  have  borne  children  the  cavity 
remains  permanently  somewhat  wider  and  larger  than  in  cases  where  the  uterus 
has  never  been  pregnant. 

In  old  age  the  uterine  wall  becomes  harder  and  has  a  paler  colour  than  it 
possesses  in  the  young  subject. 

Variations. — In  rare  cases  the  uterus  may  be  divided  by  a  septum  into  two  distinct  cavities, 
or  its  lateral  angles  may  be  i^roduced  into  straight  or  curved  processes,  called  "  horns  "  or  cornua. 
The  latter  abnormality  recalls  the  appearance  of  the  bicormiate  uteri  of  some  animals.  Both  the 
above  conditions  arise  from  an  arrest  in  the  fusion  of  the  two  separate  tubes — the  Mitllerian 
ducts — which  normally  unite  to  form  the  uterus. 

Periodic  Changes  in  the  Uterine  Wall. — At  each  menstrual  period  a  remark- 
able series  of  changes  occurs  which  results  in  the  periodic  shedding  of  the  super- 
ficial parts  of  the  uterine  mucous  meml)rane.  For  a  few  days  before  menstruation 
begins,  the  mucous  membrane  gradually  thickens  and  becomes  more  vascular,  while 
at  the  same  time  its  surface  becomes  uneven.  Soon  the  superficial  parts  of  the 
mucous  membrane  disintegrate  and  haemorrhage  takes  place  from  the  small  super- 
ficial blood-vessels.  In  this  way  a  hsemorrhagic  discharge  is  caused,  and  the 
superficial  parts  of  the  uterine  mucous  membrane  are  shed  at  each  period.  When 
menstruation  is  over  the  mucous  membrane  is  rapidly  regenerated. 

Pregnant  Uterus.- — The  pregnant  uterus  increases  rapidly  in  size  and  weight, 
so  that  from  lieing  three  inches  in  length  and  one  ounce  in  weight,  it  becomes  by 
the  eighth  month  about  seven  or  eight  inches  in  length  and  sometimes  as  much 
as  two  pounds  in  weight.  In  shape  the  uterus  is  now  oval  or  rounded,  with  a  thick 
wall  composed  chiefly  of  muscle  fibres  arranged  in  distinct  layers.  The  rounded 
fundus  is  very  prominent.  The  round  ligaments  are  stronger  and  better  marked, 
and  the  layers  of  the  broad  ligament  become  separated  in  their  inner  parts  by  the 
growth  of  the  uterus  between  them.'  The  blood-vessels,  especially  the  arteries,  are 
very  large  and  tortuous.  The  changes  which  occur  in  the  mucous  membrane  of 
the  pregnant  uterus  are  intimately  connected  with  the  manner  in  which  the 
developing  foetus  receives  its  nutrition,  and  have  been  noticed  on  p.  51. 

Vessels  and  Nerves  of  the  Uterus. — The  uterus  receives  its  arterial  supply  from  the 
uterine  arteries,  which  are  branches  of  the  internal  iliac  arteries,  and  also  from  the  ovarian  arteries, 
branches  of  the  aorta.  The  vessels  derived  from  these  two  sources  communicate  freely  with  one 
another.  Each  uterine  artery,  reaching  the  side  of  the  lower  part  of  the  uterus,  divides  into  a 
large  branch  which  passes  upwards  to  supply  the  body  and  fundus,  and  a  much  smaller  branch 
which  passes  downwards  to  supi)ly  the  cervix.  The  vessels  distributed  to  the  body  and  fundus 
have  an  exceedingly  tortuous  course.  The  branches  of  the  uterine  artery,  having  entered  the 
nuiscular  coat,  break  up  within  its  deejjer  layers  into  snuiUer  twigs  which  supply  the  muscular 
tissue  and  the  mucous  coat.  The  small  uterine  branch  from  the  ovarian  artery  reaches  the 
uterus  in  the  regioii  of  the  lateral  angle.  During  pregnancy  the  arteries  become  enormously 
enlarged. 

The  thin  walled  veins  form  a  plexus  which  pours  its  Ijlood  into  the  triljutaries  of  the  internal 
iliac  vein. 

The  nerves  of  the  uterus  are  derived  chiefly  from  a  plexus  placed  in  the  neighbourhood  of 
the  cervix  uteri,  to  which  the  term  cervical  ganglion  or  plexus  utero-vaginalis  is  applied. 
Superiorly  this  plexus  is  continuous  with  the  hypogastric  plexus,  but  it  also  receives  fibres  from 
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the  third  and  fourth  sacral  nerves.  In  addition  to  fibres  from  tlie  jjlexus  ntero-vaginalis,  the 
uterus  receives  fiV)res  directly  from  the  hypogastric  plexus,  and  also  from  the  vesical  plexus. 

The  numerous  lymphatic  vessels  coming  from  the  body  of  the  uterus  end  for  the  most  part 
in  the  lumbar  lymphatic  glands.  Along  the  course  of  the  round  ligament  of  the  uterus  there  are 
a  few  lym])hatic  vessels  which  establish  a  connexion  between  the  lymphatic  network  surrounding 
the  uterus  and  the  inguinal  lymijhatic  glands.  The  lymphatics  from  tlie  cervix  uteri  end  in  the 
glands  placed  near  the  bifurcation  of  the  common  iliac  artery. 

THE  VAGINA. 

The  vagina  is  a  passage  about  three  inches  in  length,  open  at  its  lower 
end,  and  coininunicatiug  above  with  the  cavity  of  the  uterus.  The  passage  is 
directed  downwards  and  forwards,  describing  a  slight  curve  which  is  convex  back- 
wards.   The  axis  of  the  vagina  forms  with  that  of  tlie  uterus  an  angle  which  is  open 


Fig.  770. — Mksial  Section  ok  the  Pelvis  in  an  Adult  Female. 

The  cavity  of  the  uterus  is  indicated  diagramniatically.    From  a  specimen  in  the  Anatomical 
Department,  Trinity  College,  Dublin. 


forwards.  This  angle  is  usually  somewhat  greater  than  a  right  angle,  ljut  varies 
with  the  condition  of  the  neighbouring  viscera  (p.  1132).  The  vagina  is  wider  in  its 
middle  part  than  it  is  at  either  end,  and  normally  its  anterior  and  posterior  walls 
are  in  cotitact.  In  transverse  section  the  lower  part  is  usually  an  H -shaped  cleft, 
the  middle  part  a  simple  transverse  slit,  while  the  lumen  of  the  upper  portion,  into 
which  the  cervix  uteri  projects,  is  more  open.  The  lower  part  of  the  cervix  has 
the  appearance  of  entering  the  vagina  through  the  upper  portion  of  its  anterior 
wall  (Fig.  776).    As  more  of  the  posterior  than  of  the  anterior  part  of  the  cervix 
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projects  into  the  vagina,  a  deeper  recess  is  formed  between  the  vaginal  wall  and 
the  cervix  behind,  than  in  front  or  laterally.  The  term  anterior  fornix  is  often 
applied  to  the  angle  or  recess  in  front  of  the  cervix  uteri,  and  posterior  fornix  to 
the  deeper  angle  formed  behind  the  cervix.  The  anterior  vaginal  wall  (paries 
anterior)  is  shorter  than  the  posterior  (paries  posterior),  the  former  being  about 
three  inches  in  length,  the  latter  about  three  and  a  half  inches.  At  its  lower  end 
the  vagina  opens  into  the  urogenital  cleft,  the  opening  being  situated  Ijehind 
the  orifice  of  the  urethra  and  the  clitoris,  and  between  the  labia  minora.  The 
opening  is  partly  closed  in  the  virgin  by  a  thin  crescentic  or  annular  fold  called 
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Fig.  777. 


-The  Vagina,  Base  op  Bladder,  and  Reoto-vaginal  Pouch  ov  Pehitoneum,  seen 
from  behind. 


Tlie  coccyx  and  saoi-o-sciatic  ligaments,  together  witli  the  muscles  attached  to  tliem,  have  been  removed.  The 
levatores  ani  have  been  separated  along  the  median  raphe,  and  drawn  outwards.  A  considerable 
portion  of  the  rectum  has  been  removed,  but  the  position  which  it  occupied  is  indicated  by  the  dotted 
lines.  The  peritoneum  is  indicated  by  a  blue  colour.  The  recto- vaginal  pouch  is  probably  not  quite  so 
deep  as  usual. 

the  hymen,  torn  fragments  of  which  persist  round  the  opening,  as  the  carunculse 
hymenales,  after  the  fold  itself  has  Ijeen  ruptured. 

Relations  of  the  Vagina. — The  anterior  wall  of  the  vagina  in  its  upper  part 
lies  against  the  base  of  the  bladder,  but  is  separated  from  it  by  loose  connective 
tissue.  Lower  down,  the  anterior  wall  in  the  mesial  line. is  intimately  connected 
with  the  urethra  (Fig.  776).  Near  the  middle  line  the  posterior  wall,  in  its  upper 
portion,  is  covered  for  a  distance  of  about  a  quarter  of  an  inch  by  the  peritoneum, 
which  here  forms  the  anterior  boundary  of  the  deepest  part  of  the  pouch  of 
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Douglas.  Lower  down,  the  posterior  wall  lies  close  against  the  rectum,  from  which 
it  is  separated  by  a  layer  of  the  pelvic  fascia.  As,  however,  the  orifice  of  the  vagina 
is  approached,  the  rectum  and  vagina  become  separated  by  a  considerable  interval, 
which  is  occupied  by  a  mass  of  fibrous  and  fatty  tissue,  often  called  the  "  perineum  " 
or  "  perineal  body."  At  the  sides  the  vagina  is  supported  by  the  levatores  ani 
muscles.  The  terminal  part  of  the  ureter  lies  not  far  from  the  side  wall  of  the 
upper  part  of  the  vagina,  as  it  passes  from  above  and  behind  downwards,  inwards, 
and  a  little  forwards  to  reach  the  bladder.  Near  its  termination  the  vagina  pierces 
the  triangular  ligament,  and  is  related  laterally  to  the  bulbus  vestibuli,  the  gland 
of  Bartholin,  and  the  sphincter  vaginjs  muscle. 

Structure  of  the  Vagina. — The  vaginal  wall  has  a  distinct  muscular  coat  (tunica 
muscularis),  composed  of  unstiuped  muscle  fibres,  most  of  which  are  longitudinally  dis- 
posed. Towards  the  lower  end  of  the  passage  circularly-disposed  striped  muscle  fibres  are 
found  in  the  deeper  part  of  the  muscular  coat.  The  thick  mucous  membrane  (tunica 
mucosa),  which  has  a  stratified  scaly  epithelium,  is  corrugated,  and  j^resents  a  number  of 
transverse  ridges  or  elevations .  called  rugae  vaginales.  In  addition  to  these  transverse 
rugae,  a  slightly  marked  longitudinal  ridge,  or  column,  is  to  be  seen  on  the  anterior  and 
on  the  posterior  wall  of  the  vagina.  These  receive  the  name  columnae  rugarum,  and,  like 
the  transverse  rugae,  are  best  seen  in  young  subjects,  and  in  the  lower  part  of  the  vagina. 
The  urethral  canal  lies  in  close  relationship  to  the  anterior  column  of  the  vagina  in  its 
lower  part,  and  hence  this  portion  of  the  anterior  column  is  sometimes  called  the 
carina  urethralis  (Figs.  746,  B  and  776). 

Within  the  mucous  coat  are  to  be  found  small  collections,  or  nodules,  of  lymphoid 
tissue. 

,  The  vaginal  wall  is  surrounded  by  a  layer  of  loose  vascular  connective  tissue  contain- 
ing numerous  large  communicating  veins. 

Variation.' — In  I'are  cases  the  vagina  lias  been  found  divided  by  an  incomplete  septiun  into 
two  passages.  Such  abnormality  is  due  to  an  incomplete  fusion  of  the  lower  portions  of  the 
Miillerian  ducts  from  which  tlie  vagina  is  developed  in  the  embryo. 

Vessels  and  Nerves  of  the  Vagina. — The  blood  supply  of  the  vagina  is  for  the  most  part 
derived  from  branches  of  the  vesico-vaginal  artery,  the  vaginal  branch  of  the  uterine  artery,  the 
vaginal  liranclies  of  the  middle  hsemorrhoidal  artery,  and  from  the  branches  of  the  internal  pudic. 
The  veins  form  a  ple.xus  surrounding  the  vaginal  wall,  and  drain  their  blood  into  the  tributaries 
of  the  internal  iliac.  The  lymphatics  from  the  upper  part  of  the  vagina  join  the  internal  iliac 
group  of  glands,  while  those  from  the  lower  part  end  in  the  su2)erficial  inguinal  glands.  The 
nerves  of  the  vagina  are  derived  from  the  plexus  utero-vaginalis,  and  from  the  plexus  vesicalis. 
Other  fibres  are  derived  directly  from  the  third  and  fourth  sacral  nerves. 


THE  FEMALE  EXTEENAL  GENITAL  ORGANS. 

The  term  vulva,  or  pudendum  (pudendum  muliebere),  is  often  applied  collec- 
tively to  the  female  external  genital  organs,  i.e.  to  the  libia  majora  and  the  struc- 
tures which  lie  between  them. 

Labia  Majora. — The  labia  majora  represent  the  scrotum  in  the  male,  and 
form  the  largest  part  of  the  female  external  genital  organs.  They  form  the  lateral 
boundaries  of  the  urogenital  cleft  (rima  pudendi),  into  which  the  urethra  and 
vagina  open.  Each  labium  is  a  prominent  rounded  fold  of  skin,  narrow  behind 
where  it  approaches  the  anus,  but  increasing  in  size  as  it  passes  forwards  and  up- 
wards to  end  in  a  median  elevation,  the  mons  pubis  or  Veneris.  The  mons 
Veneris,  also  called  the  anterior  commissure  (cominissura  labiorum  anterior),  lies 
over  the  symphysis  pubis,  and,  like  the  labia  majora,  it  is  composed  chiefly  of  fatty 
and  areolar  tissue,  and  is  covered  by  hair.  The  outer  convex  surface  of  each 
labium  majus  is  covered  by  skin  resembling  that  of  the  scrotum  in  the  male,  but 
the  inner  flatter  surface  is  smooth,  and  presents  a  more  delicate  integumentary 
covering.  In  some  cases  the  posterior  narrow  ends  of  the  labia  majora  are  con- 
nected across  the  middle  line  in  front  of  the  anus  by  a  slight  transverse  fold — the 
posterior  commissure  (commissura  lal)iorum  posterior). 

Usually,  especially  in  young  subjects,  the  labia  majora  are  the  only  visible  parts 
of  the  external  genital  organs,  since  they  are  in  contact  with  one  another,  and 
completely  enclose  the  structures  within  the  urogenital  cleft. 
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The  round  ligament  of  the  uterus  ends  iu  the  fatty  tissue  of  the  hibium  majus.  The 
superficial  subcutaneous  tissue  resembles  that  of  the  scrotum,  but  contains  no  muscular 
fibres.  The  nerve  supply  corresponds  with  that  of  the  scrotum,  the  anterior  part  of  each 
labium  being  supplied  by  the  bi^anches  of  the  ilio-inguinal  nerve,  and  the  posterior  part 
by  branches  from  the  internal  pudic,  and  by  the  perineal  branch  of  the  small  sciatic 
nerve.  The  blood-vessels  of  the  labia  majora  are  derived  from  the  superficial  pudic 
arteries  and  from  the  perineal  liranches  of  the  internal  pudic  vessels. 


Labia  Minora. 

are  a  pair  of  much 
enclosed  within 
the  cleft  between 
the  labia  majora. 
Diminishing  in 
size,  and  becom- 
ing less  marked 
in  tlieir  posterior 
parts,  the  labia 
minora  end  by 
gradually  joining 
the  inner  surfaces 
of  the  labia 
majora.  In  the 
young  subject,  a 
slightly  raised 
transverse  fold  is 
usually  seen  con- 
necting the  pos- 
terior ends  of  the 
labia  minora ;  to 
this  fold  tlie  term 
frenulum  (frenu- 
lum labiorum 
pudendi),  or  four- 
chette,  is  applied. 
Traced  forwards, 
each  labium 
minus  divides 
into  two  portions, 
an  outer  and  an 
inner.  The  outer 
portions  of  the 
two  labia  unite 
over  the  glans 
clitoridis,  and 
form  a  fold  or 
covering  for  it, 
called  the  prse- 
putium  clitoridis. 


—  The  labia  minora,  or  nymplue  (labia  minora  pudendi), 
smaller  and  narrower  longitudinal  folds,  usually  completely 
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Fig.  778. — Female  External  Genital  Organs. 

The  hymen  has  been  ruptured,  but  the  I'ourchette  is  seen  stretching  across  behind 
the  fossa  navicularis  and  in  front  of  the  posterior  commissure.  The  ducts  of 
Bartholin's  glands  open  in  the  intervals  between  the  vaginal  orifice  and  the 
labia  nunora. 


The  inner  portions. 


uniting 


at  an  acute  angle,  join  the  glans 
and  form  the  frenulum  clitoridis.  The  skin  of  the  Ial)ia  minora  reseml)les  the 
integument  on  the  inner  or  deep  surface  of  the  labia  majora,  being  smooth,  moist 
and  pink  in  colour.  The  inner  surfaces  of  the  labia  minora  are  in  contact  with 
one  another ;  their  outer  surfaces  are  applied  against  the  inner  aspects  of  the  labia 
majora. 

The  openings  of  the  urethra  and  vagina  are  placed,  in  the  middle  line,  in  the 
interval  between  the  labia  minora,  which  must  be  separated  to  l)ring  them  into 
view. 

The  vestibule  (vestibulum  vaginfe)  is  the  name  applied  to  the  cleft  that  lies 
between  the  labia  minora  and  behind  the  glans  clitoridis.    In  its  floor  are  the 
openings  of  the  urethra,  the  vagina  and  the  minute  ducts  of  Bartholin's  glands. 
^72 
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The  fossa  navicularis  is  the  part  of  the  vestibule  placed  ))e]iiii(l  the  vaginal 
opening  and  in  trout  of  the  fourchette. 

The  external  urethral  orifice  lies  immediately  in  front  of  that  of  the  vagina,  and 
is  about  one  inch  Itehind  the  glans  clitoridis.  The  o])ening  has  the  appearance  of 
a  vertical  slit,  or  of  an  inverted  V-shaped  cleft,  the  slightly  prominent  margins  of 
which  are  in  contact. 

The  vaginal  opening  (orificiuni  vaginie)  lies  furtlier  back  and  below  tlie  orifice 
of  the  urethra.  The  appearance  of  the  opening  varies  with  the  condition  of  the 
hymen — a  membrane  which  in  the  young  sul)ject  partly  closes  the  aperture.  When 
the  hymen  is  intact  the  opening  is  small,  and  is  only  seen  when  the  memlirane  is 
put  on  the  stretch.  When  the  hymen  has  been  ruptured  the  opening  is  much 
larger,  and  round  its  margins  are  often  seen  small  projections — carunculae  hymenales 
— which  are  to  be  looked  upon  as  persistent  portions  of  the  hymen. 

The  hymen  is  a  thin  membranous  fold,  partially  closing  the  lower  end  of  the 
vagina,  and  usually  perforated,  somewhat  in  front  of  its  middle  point.  The  posi- 
tion of  the  opening  gives  the  fold,  when  stretclied,  a  crescentic  appearance.  The 
opening  in  the  hymen  is  sometimes  cleanly  cut,  sometimes  fringed.  The  mem- 
l)rane  is  not  stretched  tightly  across  the  lower  end  of  the  vagina,  but  is  so  ample 
that  it  projects  downw^ards  into  the  urogenital  fissure,  and  the  parts  of  its  upper 
surface  are  in  contact  with  one  another  on  each  side  of  the  opening.  The 
opening  is  thus  a  mesial  slit  whose  margins  are  normally  in  contact.  The  upper 
surface  of  the  hymen  is  directly  continuous  with  the  vaginal  wall,  and  on  it  are 
to  be  seen  slijjlit  ridyes  continuous  with  the  vaginal  rugae. 

Developmentally  the  hymen  appears  to  be  a  portion  of  the  vagina. 

On  each  side  of  the  vaginal  opening,  and  close  against  the  attached  margin  of 
the  labium  minus,  is  the  minute  aperture  of  the  duct  of  Bartholin's  gland.  This 
is  usually  just  large  enough  to  be  visible  to  the  unaided  eye. 

Numerous  minute  nuicous  glands  (glanduUe  \  eslibuU  miuores)  open  on  the  sin-face  of  the 
miicous  membrane  of  the  ^'estibule,  between  the  urethral  and  vaginal  orifices.  The  ojiening  of 
the  ductus  para-urethralis  at  the  side  of  the  urethral  orifice  has  been  already  noted  (p.  1103). 

.  Sebaceous  glands  are  present  on  tlie  laljia  majora  and  minora,  and  beneath  the  prteputium 
clitoridis.    In  the  latter  situation  the  secretion  of  these  helj^s  to  form  the  smegma  clitoridis. 

Clitoris. — The  clitoris  is  the  morphological  equivalent  of  the  penis,  and  is 
composed  of  a  body  and  two  crura.    Upon  the  summit  of  the  body  is  a  minute 

glans.   Unlike  the 

1 


penis,  the  clitoris 
is  not  traversed  by 
the  urethra. 

The  body  of 
the  clitoris  (corpus 
clitoridis)  is  com- 
posed for  the  most 
part  of  erectile 
tissue  resembling 
that  of  the  penis 
in  the  male.  It  is 
about  an  inch  or 
an  inch  and  a  half 
in  length,  and  is 
l)ent  upon  itself, 
forming  an  angle 
open  downwards. 
The  body  of  the 
clitoris  tapers  to- 
wards its  distal 
end,  which  is 
covered  hy  the 

glans  clitoridis.  The  organ  is  enclosed  in  a  dense  fibrous  coat,  and  is  divided  l)y  an 
incomplete  septum  (septum  corporum  cavernosorum)  into  two  symmetrical  and  some- 


FiG.  779. — Dissection  of  the  Female  External  Gen:tal  Organs. 
Drawn  from  a  specimen  in  the  Anatomical  Department,  Trinity  College,  Dniilin. 
The  suspensory  ligament  is  seen  passing  upwards  towards  the  symphysis  pubis. 
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what  cylindrical  portions,  the  corpora  cavernosa  clitoridis.  Tlieso  represent  the 
corpora  cavernosa  of  the  male,  and  diverge  from  one  another  at  the  root  of  the  clitoris 
to  form  the  crura  clitoridis.  A  suspensory  ligament  (ligamentum  suspensorinm  clito- 
ridis) passes  from  the  ftljrous  coat  of  the  liody  of  the  clitoris  to  the  symphysis  pul)is. 

The  glans  clitoridis  is  a  small  mass  of  erectile  tissue  which  is  fitted  over  the 
pointed  end  of  the  body.  It  possesses,  like  the  glans  penis  which  it  represents,  a 
very  sensitive  epithelium.  The  prepuce,  or  fold  of  skin  which  covers  it,  and  the 
frenulum  which  is  attached  to  it  interiorly,  are  continuous  with  the  labia  minora 
(Fig.  778). 

The  crura  clitoridis  diverge  from  the  l)ody  posteriorly,  and  are  attached  to  the 
sides  of  the  pubic  arch.  '  Each  is  continuous  with  one  of  the  corpora  cavernosa,  and 
has  a  firm  fibrous  sheath,  which  is  covered  by  the  corresponding  ischio-cavernosus 
or  erector  clitoridis  muscle.  In  structure  the  crura  and  body  of  the  clitoris  re- 
semble the  corpora  cavernosa  penis,  while  the  glans  more  closely  resembles  the 
bulbus  vestibuli,  with  which  it  is  continuous  through  a  structure  known  as  the 
pars  intermedia. 

In  the  seal  and  .some  other  animals,  a  bone,  wliich  represents  tlie  os  penis  of  tlie  male,  is 
developed  in  the  se])tinn  of  the  clitoris.    This  bone  receives  the  name  OS  clitoridis. 

Arteries  and  Nerves  of  the  Clitoris. — Each  crus  receives  a  Inanch  (arteria  profunda  clito- 
ridis) from  the  internal  pudic  artery,  while  tlie  glans  is  supplied  liy  Ijranclies  of  the  dorsal  arteries 
of  the  clitoris  (arteri;u  dorsalis  clitoridis).  The  nerve  sujjply  of  the  clitoris  is  derived  2>ai't]y  frcim 
the  hypogastric  sympathetic  plexus  and  partly  from  the  dorsal  nerves  of  the  clitoiis. 

Bulbus  Vestibuli. — The  bulbus  vestibuli  is  a  mass  of  erectile  tissue,  in  the 
female,  which  corresponds  developmentally  to  the  corpus  spongiosum  urethne  of 
the  male.  In  the  female  the  fusion  of  the  two  halves  of  this  structure  is  not 
nearly  so  complete  as  in  the  male,  for  the  vagina  and  urethra  separate  the  bulbus 
vestibuli  into  two  lateral  portions  w'hich  are  only  slightly  connected  in  front  l)y  a 
narrow  median  part  called  the  pars  intermedia.  Each  lateral  portion  of  the  bulb  is 
thick  and  massive  posteriorly,  and  more  pointed  in  front  where  it  joins  the  pars 
intermedia.  It  rests  against  the  side  wall  of  the  vagina,  and  upon  the  superficial 
aspect  of  the  triangular  ligament.  Superficially  it  is  covered  by  the  bulbo- 
cavernosus  muscle.  The  })ars  intermedia  lies  al)Ove  the  urethra,  and  becomes  con- 
tinuous with  the  tissue  of  the  glans  clitoridis.  It  represents  a  part  of  the  corpus 
spongiosum  urethra?  of  the  male. 

The  bulbus  vestibuli  is  for  the  most  part  composed  of  minute  convoluted  blood- 
vessels, held  together  by  a  very  small  amount  of  connective  tissue.  These  vessels 
frequently  anastomose  with  one  another,  and  those  of  each  lateral  half  are  con- 
tinuous with  the  vessels  of  the  pars  intermedia  and  of  the  glans  clitoridis. 

The  blood  supply  of  the  bulb  is  derived  on  each  side  from  a  branch  (arteria  bulbi 
vestibuli)  of  the  internal  pudic. 

The  Glands  of  Bartholin. 

The  glands  of  Bartholin  (glanduhe  vestibulares  majores)  are  placed  one  on  each 
side  of  the  lower  part  of  the  vagina,  and  represent  Cowper's  glands  in  the  male. 
They  are  often  overlapped  liy  the  posterior  ends  of  the  bulbus  vestiludi,  and  are 
covered  by  the  bulbo-cavernosus  muscle.  Each  is  about  the  size  and  shape  of  a 
small  bean,  and  possesses  a  long  slender  duct  which  opens  into  the  urogenital  cleft 
in  the  angle  between  the  attached  l)order  of  the  laliium  minus  and  the  vao-inal 
opening. 

DEVELOPMENT  OF  THE  fiROGENITAL  ORGANS. 

In  tracing  the  developmental  history  of  the  urogenital  system  we  may  begin  M  itli  an 
embryo  of  fifteen  days  old.  About  this  time  a  duct,  which  runs  in  the  longitudinal 
direction,  and  occupies  a  position  on  the  outer  side  of  the  paraxial  niesoblast,  begins  to 
develop  on  each  side  of  the  body.  With  the  exception  of  the  anterior  portion  of  the 
cloaca  and  the  proximal  part  of  the  allantois,  this  duct,  which  has  received  the  name  of 
Wolffian  duct,  is  the  earliest  formed  structure  from  which,  or  in  connexion  with  which, 
any  portion  of  the  adult  lu'ogenital  system  is  derived. 
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The  Wolffian  duct  serves  as  the  canal  or  duct  for  the  primitive  secretory  organ  of  the 
embryo.  It  does  not  persist  as  such  in  the  adult,  yet  the  adult  of  lioth  sexes  retains 
structures  which  have  their  origin  in  the  Wolffian  duct.  These  adult  structures  may  be 
in  a  rudimentary  or  in  a  functional  condition,  and  the  functions  performed  by  them  may 
have  changed  during  the  course  of  development.  In  the  male  the  canal  of  the  epididymis, 
the  vas  deferens,  and  the  common  ejaculatory  duct,  are  to  be  looked  upon  as  directly 
developed  from  the  Wolffian  duet  of  the  embryo  ;  while  in  the  female  the  longitudinal 
duct  of  the  parovarium  and  the  hydatids  of  Morgagni  are  rudimentary  structures  having 
a  like  origin.     Furtlier,  the  ureter  and  its  pelvis,  together  with  the  complicated  system  of 


Fi(!.  780. — Deveuu'ment  of  the  Bladder,  Ureter,  and  KmNEV.    From  the  models  l)y  Professor  Keibel. 

A.  Caudal  portion  of  an  embryo  of  15  to  18  days  old.    The  cloaca  is  relatively  very  large,  and  is  not  yet  joined 

by  the  Wolffian  ducts  ;  an  indication  is  present  of  the  separation  of  the  cloaca  into  dor.sal  or  rectal,  and 
ventral  or  urogenital,  sul)divisions. 

B.  The  cloaca  of  an  older  embryo — 25  to  27  days  old.     The  subdivision  of  the  cloaca  is  more  clearly  markeil. 

The  Wolffian  duct  is  seen  joining  the  anterior  subdivision,  and  from  the  lower  part  of  the  duct  an  out- 
growth is  present,  which  gives  origin  to  the  ureter  and  the  kidney. 

C.  Still  older  stage  (36  to  37  days  old).   The  ureter  has  acquired  a  separate  opening  into  the  developing  bladder, 

which  is  placed  upon  the  same  level  as  that  of  the  WolfHan  duct.  The  kidney  is  much  more  advanced, 
and  the  rectum  is  becoming  separated  from  the  urogenital  canal. 

D.  Female  embryo  8^  to  9  weeks  old.    The  openings  of  the  ureter  and  genital  ducts  have  become  se])arated  by 

a  considerable  interval.    The  urogenital  canal  and  rectum  have  acquired  separate  openings. 
1,  Spinal  cord  ;  2,  Notocliord  ;  3,  Pubic  sj'mphysis  ;  4,  Cloacal  membrane,  forming  the  floor  of  the  ectodermal 
cloacal  fossa  ;  5,  Allantoic  canal  ;  6,  Rectum,  or  rectal  subdivision  of  cloaca  ;  7,  Urogenital  subdivision 
of  cloaca  ;  8,  Bladder;  9,  Urogenital  canal;  10,  Wolfhan  duct  ;  11,  Ureter  (or  ureter  and  developing 
kidney)  ;  12,  Miillerian  duct  ;  13,  Genital  eminence. 

kidney  tubules  whicii  open  into  it,  arise  in  both  sexes  as  an  outgrowth  from  the  Wolffian 
duct.  In  the  male  the  vesicula  seminalis  also  arises  as  a  diverticulum  of  the  Wolffian 
duct  (Fig.  781). 

The  primitive  excretory  organ  —  mesonephros — develops  in  connexion  with  the 
anterior  part  of  the  Wolffian  duct  (p.  30),  and  is  during  the  early  life  of  the  embryo  a 
most  important  structure.  With  the  development  of  the  permanent  kidney  the  meso- 
nephros atrophies,  yet  some  of  its  tubules  persist  in  the  adult.  The  vasa  efferentia,  the 
ductuli  aberrantes,  and  the  rudimentar}-  paradidymis  (xjrgan  of  Giraldes)  in  the  male,  and 
the  rudimentary  tubules  of  the  parovarium  (epoophoron)  and  of  the  paroophoron  in  the 
female,  are  structures  which  owe  their  origin  to  tubules  of  the  mesonephros. 

Soon  after  the  formation  of  the  Wolffian  ducts  two  other  longitudinally-disposed  canals, 
called  the  Miillerian  ducts,  are  developed.  These  open  at  their  cephalic  ends  into  the 
body  cavitv,  and  at  their  caudal  ends,  unlike  the  Wolffian  ducts,  they  nnite  with  one 
another  in  the  middle  line.  From  them  are  formed  in  the  female — the  Fallopian  tubes, 
the  uterus,  and  the  vagina  ;  and  in  the  male — the  hydatids  of  the  testis  or  of  the  epididynn's 
and  the  utriculus  prostaticus. 

'I'he  Wolffian  and  Mtdlcrian  ducts  o])en  at  their  caudal  ends  into  the  ventral  or 


DEVELOPMENT  OF  THE  UROGENITAL  OEGANS. 


1141 


urogenital  part  of  the  cloaca,  which  in  the  course  of  develo^juaent  becomes  transformed  into 
the  bladder  and  the  urogenital  canal  of  the  embryo  (Figs.  780  and  7S1).  The  developing 
ureter  at  first  opens  as  a  diverticulum  from  the  Wolffian  duct,  at  a  short  distance  from  the 
point  where  the  latter  joins  the  cloaca.  Soon,  however,  the  ureters  acquire  independent 
openings  into  the  cloaca,  which  l)ecome  gradually  shifted  further  from  one  another  and 
from  those  of  the  Wolffian  ducts.  The  ureters  are  now  found  to  open  into  the  anterior 
portion  of  the  cloaca  which  lies  nearer  to  the  head  of  the  embryo  than  the  part  with 
which  the  Wolffian  ducts  are  connected.  This  cephalic  portion  receiving  the  ureters 
becomes,  in  the  male,  the  bladder  and  the  upper  part  of  the  prostatic  urethra ;  in  the 
female,  the  bladder  iind  the  entire  urethra  (Fig.  782).  The  caudal  part,  lying  below  the 
level  of  the  entrance  of  the  Wolffian  ducts,  is  the  urogenital  canal,  and  is  represented  in 
the  adult  male  by  the  lower  part  of  the  prostatic  and  the  membranous  urethra  ;  in  the 
female  by  the  part  of  the  urogenital  fissure  which  immediately  surrounds  the  openings  of 
the  urethra  and  vagina  (Fig.  782).  The  united  Miillerian  ducts  open  into  the  lower  part 
of  the  cloaca  or  urogenital  canal,  between  the  Wolffian  ducts  of  opposite  sides.  In  the 
male  the  position  of  this  opening,  which  is  represented  in  the  adult  by  the  opening  of  the 
uterus  masculinus,  remains  almost  vnichanged  ;  in  the  female,  on  the  other  hand,  the 
urogenital  canal  becomes  so  much  shortened  during  development,  that  the  opening,  which 
in  this  sex  is  represented  by  the  orifice  of  the  vagina,  comes  to  the  surface  at  the  bottom 
of  the  urogenital  fissure  (B^ig.  782).  The  cavity  of  the  developing  l)ladder  is  directly  con- 
tinuous above  with  that  of  the  allantois,  and  b}'  some  authorities  the  bladder  is  described 
as  arising  as  a  dilatation  of  the  proximal  part  of  the  allantois. 

When  the  ectodermal  cloacal  fossa  is  formed,  after  the  complete  separation  of  the 
cloaca  into  anterior  or  urogenital,  and  posterior  or  rectal  parts,  it  communicates  with  the 
rectum  behind  and  with  the  urogenital  canal  in  front  (p.  43).  The  fossa  is  liounded 
laterally  by  a  well-marked  skin  fold,  and  at  its  anterior  end  is  situated  the  sexual  eminence. 
This  eminence  becomes  the  terminal  portion  of  the  penis  or  of  the  clitoris,  and  its  posterior 
surface  is  grooved  longitudinally  in  such  a  manner  that  the  proximal  end  of  the  groove 
lies  near  the  opening  of  the  urogenital  caiiid  into  the  cloaca!  fossa. 

In  the  male  the  lips  of  this  groove  on  the  sexual  eminence,  meeting  together,  form  a 
canal  which,  in  the  adult,  traverses  the  glans  penis  as  the  terminal  part  of  the  urethra. 
The  lateral  margins  of  the  cloacal  fossa,  behind  the  sexual  eminence,  meet  together,  and 
fusing  in  the  middle  line,  convert  the  fossa  into  a  canal,  which  becomes  the  spongy  portion 
of  the  adult  urethra.  In  this  way  all  the  cloacal  fossa  lying  in  front  of  the  rectum 
becomes  closed  over  to  form  the  third  part  of  the  urethra.  The  last  portion  of  the  fossa 
to  disajipear  from  the  surface  is  the  anterior  part,  which  lies  just  at  the  base  of  the  sexual 
eminence  (Fig.  782).  The  spongy  part  of  the  urethra  is  thus  derived  from  the  ectodermal 
cloacal  fossa,  while  the  prostatic  and  membranous  parts  owe  their  origin  to  the  endodermal 
cloaca. 

Ill  the  female  the  margins  of  the  cloacal  fossa  remain  separate  throughout  life,  and  the 
fossa  persists  as  the  urogenital  space.  The  groove  on  the  sexual  eminence,  or  glans 
clitoridis,  closes  over,  but  does  not  form  a  canal  as  in  the  male.  The  urogenital  canal,  at 
first  like  that  of  the  male,  Ijecomes  shorter  and  shorter  during  development.  Owing  to 
this  shortening  the  lower  end  of  the  fused  portions  of  the  Miillerian  ducts,  which  opens 
into  the  canal,  and  from  which  the  vagina  is  formed,  appears  in  the  adult  to  open  directly 
into  the  fossa  (urogenital  space)  behind  the  channel  leading  from  the  bladder.  From  the 
latter  channel  is  formed  the  female  urethra  (Fig.  782). 

Wolffian  Duct  and  Embryonic  Secretory  Organ. — The  Wolffian  duct 
arises  in  the  mesoblast,  about  the  fifteenth  day,  as  a  solid  cord  of  cells  occupying 
a  position  immediately  to  the  outer  side  of  the  mesoblastic  somites  and  to  the  inner 
side  of  the  body  cavity.  When  first  recognised  the  duct  lies  immediately  beneath 
the  epiblast,  and  as  it  grows  backwards  to  reach  the  cloaca  it  is  often  found  to  be 
intimately  connected  with  the  epiblast.  This  close  connexion  of  the  duct  with  the 
epiblast,  in  the  early  stages,  is  by  some  aiithorities  supposed  to  indicate  a  primitive  ecto- 
dermal origin  of  the  canal,  but  by  others,  and  apparently  with  more  reason,  to  be  a  trace 
of  the  opening  of  the  ducts  on  the  surface  of  the  bod}',  such  as  exists  in  connexion  with 
the  excretory  organs  of  lower  animals.  During  the  third  week  the  cellidar  cord  which 
represents  the  Wolfiian  duct  acquires  a  lumen,  and  aboiit  the  end  of  tiie  same  week  tiic 
duct  in  its  growth  reaches  the  cloaca.  As  soon  as  the  cloaca  has  become  divided  into 
dorsal  and  ventral  subdivisions,  the  Wolffian  duct  is  seen  to  end  in  the  caudal  part  of  the 
ventral  subdivision,  which  becomes  the  urogenital  canal  (Fig.  781). 

The  Wolffian  body  or  mesonephros  is  developed  in  tiie  mesoblast  of  the  "  intermediate 
cell  mass,"  innuediately  to  the  outer  side  of  the  Wolffiiin  duct,  and  consists  of  a  number 
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of  transversely-arranged  canals  or  tubules,  each  of  which  opens  at  its  inner  end  into  the 
Wolffian  duct,  while  its  outer  extremity  ends  blindly.  These  transverse  tubules,  like  the 
canal  into  which  they  open,  are  at  first  solid  cellular  structures,  and  only  later  acquire  a 
distinct  lumen.    Increasing  rapidly  in  size  and  number,  the  tubules  become  twisted  and 

tortuous,  and  the  free  outer  end  of  each  dilates  to  form 
a  capsule  invaginated  upon  itself  and  containing  a 
bunch  of  capillary  blood-vessels  similar  to  the  glo- 
meruli of  the  adult  kidney.  The  number  of  transverse 
tubules  does  not  correspond  to  the  number  of  somites, 
but  several  tubules  are  present  for  each  somite  in  which 
a  portion  of  the  Wolffian  body  occurs.  The  Wolffian 
body  is  developed  throughout  the  greater  part  of  the 
length  of  the  embryo,  and  reaches  from  the  fifth 
somite  in  front  to  the  fifth  lumbar  somite  behind. 
'I'hc  anterior  part,  which  possibly  represents  the  "  pro- 
nephros "  of  lower  vertebrates,  very  rapidly  atrophies. 
When  at  its  greatest  development  (about  the  eighth 
week)  the  mesonephros  forms  a  relatively  large  glandular 
mass  projecting  into  the  dorsal  part  of  the  body  cavity, 
and  extending  from  the  region  of  the  liver  to  the 
caudal  end  of  the  body  cavity. 

In  the  lower  vertebrates  the  tubules  of  the  Wolffian 
body  open  into  the  body  cavity  by  wide  ciliated  mouths, 
and  in  these  animals  the  tubules  are  developed  as  out- 
growths of  the  peritoneal  membrane.  In  anamniate 
vertebrates  the  mesonephros  persists  as  the  secretory 
organ  of  the  adult. 

As  the  permanent  kidney  is  developed  the  meso- 
nephros atrophies  ;  a  portion  of  it,  however,  is  retained 
ill  the  male,  and  forms  the  excretory  apparatus  of 
the  testis.  The  Wolffian  duct  becomes  the  canal  of 
the  epididymis  and  the  vas  deferens  of  the  adult  (see 
p.  114.5).  In  the  female^  when  the  permanent  kidney 
is  formed,  the  mesonephros  and  its  duct  tmdergo 
atrophy  to  a  greater  extent  than  in  the  male,  and  are 
only  represented  in  the  adult  by  rudimentary  struc- 
ttires  (see  p.  114.5). 

Ureter  and  Permanent  Kidney. — The  kidney 
and  ureter  arise  as  a  tubular  divertictiliun  from 
the  Wolffian  duct  close  to  the  point  where  the  latter 
joins  the  cloaca.  This  diverticulum  is  seen  first 
during  the  fourth  week,  and  grows  from  behind 
forwards,  dorsal  to  the  body  cavity.  Even  in  its 
very  early  condition  the  portion  of  the  outgrowth 
which  lies  nearest  to  the  Wolffian  duct,  and  from  which 
the  adult  ureter  is  developed,  is  more  slender  than  the 
distal  part,  which  becomes  branched,  and  grows  out 
to  form  the  pelvis  and  calyces  of  the  ureter.  The 
tn-iniferous  tubules  of  the  kidney  arise  as  branching 
tubular  outgrowths  from  the  calyces  into  the  surround- 
ing mesoblast.  The  blind  distal  end  of  each  tubule 
soon  dilates  to  form  a  capsule  which,  becoming  in- 
vaginated on  itself,  encloses  a  tuft  of  capillary  blood- 
vessels. The  jNIalpighian  corpuscles  arising  in  this 
manner  are  found  in  the  human  kidney  as  early  as 
the  eighth  week. 

According  to  some  embryologists  it  is  only  the 
collecting  tubules  that  are  formed  in  this  manner,  and  the  other  tvibules  of  the  kidney 
have  a  mesoblastic  origin  independent  of  the  outgrowth  which  gives  origin  to  the  ureter 
and  its  pelvis.  These  authorities  state  that  the  kidney  tubules  arise  in  the  mesoblast, 
and  only  later  acquire  a  connexion  with  the  outgrowths  from  the  ureter.  Recent 
observation,  however,  does  not  support  these  statements. 

The  kidney  is  at  first  a  distinctly  lobulated  body,  and  shows  at  birth,  and  sometimes 


Fic.  781. — Diagram  to  illusthate  the 
Manxeu  in  which  the  Ureteu,  the 
Vas  Deferens,  and  the  Bladder 
arise  in  the  Embryo. 

The  structures  developed  from  the  cloaca 
lire  indicated  in  blue,  those  from  the 
Wolffian  duet  in  red,  and  the  ectoderm 
in  black. 

The  manner  in  which  the  rectum  ami 
bladder  become  separated  and  acquire 
openings  into  the  ectodermal  cloacal 
fossa  is  shown  in  II.  and  III.  (A.  H. 
Young  and  A.  Robinson). 


A. 
B. 
C. 
CM. 

K. 


Allantois. 
Bladder. 
Cloaca. 
Ectoderm  of 

cloacal  fiissa. 
Pelvis  of  kidney. 


R. 
Ur. 
U. 
VD. 

vs. 


Rectum. 

Urogenital  canal. 

Ureter. 

Vas  deferens. 

Seminal  vesicle. 


WU.  Wolffian  duct. 
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even  in  the  adult,  traces  of  its  original  subdivision  into  lobules.  Each  lobe  corresponds 
to  a  medullary  pyramid  of  the  adult  and  its  surrounding  cortex.  As  the  ureter  in- 
creases in  length,  it  becomes  sejjarated  from 
the  Wolffian  duct,  and  acquires  a  distinct 
opening  into  the  anterior  part  of  the  cloaca 
nearer  the  head  of  the  embryo  than  that  of 
the  Wolffian  duct.  This  part  of  the  cloaca 
receiving  the  ureters  becomes  the  bladder. 

Bladder. — ^The  bladder  is  formed  from 
the  upper  part  of  the  anterior  subdivision 
of  the  cloaca  (Figs.  780  and  781),  which 
increases  in  width  as  the  openings  of  the 
ureters  become  shifted  further  from  one 
another.  Inferiorly  the  anterior  part  of  the 
cloaca  remains  narrow,  and  is  continuous 
with  the  upper  part  of  the  urogenital  canal. 
At  a  very  early  stage  the  triangiilar  sur- 
face, known  in  the  adult  as  the  trigonum 
vesicae,  is  to  be  recognised.  From  the 
cephalic  end  of  the  developing  bladder  the 
allantoic  canal  extends  to  the  umbilicus  ;  but 
the  allantois  loses  its  lumen  in  the  fifth  week, 
and  the  portion  enclosed  within  the  body  of 
the  embryo,  and  known  as  the  urachus,  be- 
comes converted  into  the  iibrous  cord  found 
in  the  adult  connected  with  the  bladder  apex. 

The  cavity  of  the  allantois  is  sometimes 
not  lost  so  early,  and  in  rare  cases  it  has  been 
found  persisting  in  the  child  or  adult  as  a 
pervious  channel  extending  from  the  apex  of 
the  bladder  to  the  umbilicus.  Here  it  may 
open  on  the  surface  of  the  body. 

By  some  authorities  the  bladder  is  stated 
to  arise  as  a  dilatation  of  the  proximal  part 
of  the  allantois  rather  than  from  the  cloaca 
itself.  The  distinction,  however,  does  not 
seem  to  be  important,  and  probably  both 
the  cloaca  and  the  allantois  share  in  its 
formation. 

Male  Urethra.  —  The  urethra  in  the 
male  is  composed  of  two  parts  which  ai'e 
developmentally  distinct.  One  of  these  corre- 
sponds to  the  prostatic  and  membranous 
portions  of  the  adult,  and  owes  its  origin  to 
the  endodermal  cloaca,  while  the  other  part 
corresponds  to  the  spongy  portion  of  the  adult, 
and  arises  in  connexion  with  the  ectodermal 
cloacal  fossa  and  sexual  eminence  (Fig.  782). 
The  upper  part  of  the  prostatic  urethra  has  an 
origin  similar  to  that  of  the  bladder,  and  is 
derived  from  the  upper  portion  of  the  uro- 
genital subdivision  of  the  cloaca  ;  the  lower 
prostatic  and  the  membranous  parts  are 
formed  from  the  urogenital  canal  of  the  embryo. 
The  spongy  portion  of   the  adult  urethi'a 


Fig.  782. —  Dia(;baiimatic  Representation  and 
Comparison  of  the  Manner  in  which  the  Uro- 
genital Passages  arise  in  the  two  Sexes. 

In  each  case  the  li)'poblast  is  indicated  Ijy  a  thick 
black  line,  while  the  epiblast  is  .shown  by  a  double 
line  with  cross  shading. 

A.  Represents  a  stage  passed  through  by  both  sexes, 
and  illustrates  the  connexions  of  the  urogenital 
ducts  and  of  the  rectum  with  the  ectodermal  cloaciil 
fossa  ;  yd,  indicates  the  position  where  the  Wolffian 
and  Miillerian  ducts  open  into  the  urogenital  canal  ; 
ge,  genital  eminence  ;  ugs,  urogenital  canal. 

Male  condition.  The  greater  portion  of  the  urethral  canal  is  ectodermal  in  origin,  and  is  derived 
from  the  ectodermal  cloacal  fossa  and  the  groove  on  the  genital  eminence  by  the  meeting  of  their 
lateral  boundaries.  (The  portion  of  the  canal  which  is  usually  the  last  to  be  closed  in  is 
indicated  at.^'. )  The  upper  part  of  the  urethra  is  hypoblastic  in  origin.  The  position  where  the 
genital  ducts  (in  the  male  represented  by  the  vasa  deferentia  and  uterus  masculinus)  join  the  urogenital 
canal  is  indicated  at  vd  ;  s,  symphysis  pubis. 

Female  condition.  Owing  to  the  shortening  of  the  urogenital  canal  {iifjf,  in  A)  the  \irethral  and 
genital  openings  come  to  lie  in  the  bottom  of  the  urogenital  fissure.  The  deepest  p,art  of  this  fissure, 
immediately  surrounding  the  openings,  is  formed  by  hypoblast  derived  from  the  urogenital  canal. 
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is  developed  superficial  to  the  cloacal  membrane  which  separates  the  ectodermal  cloacal 
fossa  from  the  endodermal  cloaca.  This  ectodermal  part  of  the  urethral  canal  is  formed  by 
the  meeting  of  the  lateral  boundaries  of  the  cloacal  fossa,  where  they  lie  in  front  of  the 
anol  opening,  and  also  by  the  closing  of  the  lips  of  a  groove  which  appears  on  the  sexual 
eminence.  The  lateral  boundaries  of  the  fossa,  fusing  in  the  middle  line,  close  in  the 
portion  of  the  canal  which  in  the  adult  is  surrounded  by  the  corpus  spongiosum,  while 
the  portion  which  traverses  the  glans  penis  (?'.e.  the  fossa  navicularis)  is  formed  from  the 
groove  which  appears  on  the  sexual  eminence.  The  median  raphe,  extending  from  the 
anus  forwards  along  the  urethral  surface  of  the  penis  in  the  adult,  indicates  the  line  of 
fusion  along  which  the  spongy  part  of  the  urethra  has  been  closed  in  and  converted  into  a 
canal.  The  last  portion  of  the  fossa  to  be  closed  in  is  the  extreme  anterior  part  which 
lies  just  at  the  base  of  the  glans.  In  some  rare  cases  failure  of  the  m;u'gins  of  the 
fossa  to  luiite  in  this  situation  causes  the  urethra  to  appear  to  terminate  at  this 
point.  In  other  cases  a  greater  arrest  of  development  leaves  the  cloacal  fossa  open, 
and  we  have  a  condition  maintained  which  resembles  to  a  certain  extent  the  normal 
arrangement  in  the  female.  To  such  abnormalities  of  the  urethra  the  term  hypospadias 
is  applied. 

Female  Urethra.  —  In  the  female  the  urethra  is  developed  from  the  part  of 
the  anterior  portion  of  the  cloaca  which  lies  below  the  develojjing  bladder,  antl  above 
the  openings  of  the  Miillerian  and  Wolffian  ducts.  The  part  Ijelow  these  openings, 
the  urogenital  canal,  during  the  course  of  development  becomes  shorter  and  shorter, 
and  finally  forms  the  epithelium  at  the  bottom  of  the  urogenital  cleft  immediately 
surrounding  the  urethi'al  and  vaginal  openings.  Thus  in  the  adidt  the  urethra,  which 
originally  led  into  the  urogenital  canal,  opens  into  the  urogenital  fissure. 

In  some  manmials,  such  as  the  hedgehog,  the  shortening  of  the  urogenital  canal  does 
not  take  place  in  the  female  during  development,  and  in  these  animals  a  single  aperture 
exists  for  the  urinary  and  genital  systems.  The  hymen  is  placed  where  the  fused 
Miillerian  ducts  (vagina)  open  into  the  urogenital  canal. 

Sexual  Glands.  —  In  the  development  of  the  sexual  glands,  male  and  female, 
a  differentiated  thickened  portion  of  the  peritoneal  epithelium  is  first  recognised.  This 
specialised  epithelium,  which  has  received  the  name  of  germinal  epithelium,  is  situated  to 
the  inner  side  of  the  mesonephros  and  of  the  Wolffian  and  Miillerian  ducts.  Here  it 
covers  a  longitudinally-disposed  ridge  or  elevation  called  the  genital  ridge.  The  germinal 
epithelium  is  not  strictly  limited  to  this  ridge,  but  extends  to  some  extent  beyond  its 
limits.  The  genital  ridge  is  soon  found  to  have  numerous  epithelial  cells  embedded  in 
its  connective-tissue  stroma  which  appear  to  originate,  in  both  sexes,  by  a  proliferation 
from  the  deep  surface  of  the  germinal  epithelium  covering  the  ridge.  From  these 
epithelial  cells  the  seminal  tubules  of  the  male,  and  Graafian  follicles  with  their  contained 
ova  of  the  female  are  developed. 

In  the.  male,  as  earl}'  as  the  thirty-third  day,  the  epithelial  cells  embedded  in  the 
stroma  of  the  developing  testis  have  become  arranged  into  a  network  of  anastomosing 
cords  within  which  certain  larger  cells  are  seen  to  be  irregularly  scattered.  These  larger 
cells  have  received  the  name  of  primitive  sperm  cells,  and  are  relatively  few  in  number. 
They  undergo  frequent  division,  and  are  in  tlie  later  stages  not  to  be  distinguished 
from  the  other  cells  of  the  cords.  The  cellular  cords  \uidergo  direct  transformation  into 
the  seminal  tubules  of  the  testis,  but  the  excretory  apparatus,  including  the  rete  testis 
and  tubuli  recti,  is  derived  by  outgrowths  from  the  anterior  tubules  of  the  mesonephros. 
At  a  very  early  stage  the  superficial  part  of  the  stroma,  of  the  developing  testis,  becomes 
denser,  and  gives  origin  to  the  tunica  alhuginea. 

It  has  been  stated  that  the  sexual  epithelium  of  the  testis,  unlike  that  of  the  ovary, 
is  not  derived  from  the  germinal  epithelium,  but  that  it  has  its  origin  in  an  outgrowth  of 
the  mesonepln-os.  The  coui-se  of  the  development  of  the  sexual  glands  is  without  doxibt 
extremely  difficult  to  follow. 

In  the  female  large  epithelial  cells  are  found  in  the  stroma  of  the  developing  ovary, 
beneath  the  germinal  epithelium,  as  early  as  the  thirty-third  day.  These  primitive  ova 
are  much  more  numerous  than  the  primitive  sperm  cells  of  the  male,  and  form  a  very 
characteristic  feature  of  the  developing  ovar}'.  At  first  they  lie  isolated,  but  later — about 
the  fifth  week — they  become  surrounded  by  other  smaller  cells  having  a  like  origin  from 
the  germinal  epithelium.  Each  primitive  ovum  surrounded  by  its  cells  becomes  a 
primitive  follicle,  the  further  development  of  which  has  already  been  described  (p.  112.5). 
The  proliferation  of  cells  from  the  germinal  epithelium  goes  on  until  the  seventh  month, 
and  during  the  later  stages  the  epithelium  has  the  appearance  of  growing  down  into  the 
stroma  in  the  form  of  long  branching  cellular  processes  which  break  up  into  little  nests  of 
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cells  to  form  the  future  follicles  (p.  1125).  It  is  extremely  doubtful  if  any  new  ova  arise 
after  birth. 

Generative  Ducts. — As  has  been  already  stated,  the  male  ducts  arise  from  the 
Wolffian  and  the  female  from  the  Miillerian  ducts  of  the  embryo.  Both  sexes  at  first 
possess  well-developed  Wolffian  and  Miillerian  dncts,  which  are  arranged  in  a  very  definite 
manner.  The  W^olffian  ducts  communicating  directly  with  the  tubules  of  the  mesonephros 
lie  at  first  parallel  to,  and  at  a  considerable  distance  from  one  another.  As  they  pass 
backwards  to  the  caudal  end  of  the  embryo  they  approach  one  another,  and  each  becomes 
enclosed  in  a  fold  of  peritoneum  called  the  plica  urogenitalis.  The  ducts,  which  soon 
become  closely  approximated  to 
each  other,  are  embedded  in  a  cord- 
like mass  of  connective  tissue,  to 
which  the  term  genital  cord  is 
applied.  They  finally  open  into 
the  lower  part  of  the  anterior 
subdivision  of  the  cloaca. 

The  Miillerian  ducts,  opening 
freely  into  the  body  cavity  at  their 
cephalic  ends,  lie  to  the  outer  side 
of  the  Wolffian  ducts.  As  they 
are  traced  caudally  they  cross  the 
Wolffian  ducts  and  enter  the  genital 
cord,  within  which  they  imite  and 
form  a  canal,  which  occupies  the 
mesial  plane,  and  opens  into  the 
lower  part  of  the  anterior  sub- 
division of  the  cloaca,  between  the 
Wolffian  ducts.  The  manner  in 
whicli  the  ureters  become  separated 
from  the  Wolffian  ducts  has  already 
been  described. 

Ducts  in  thee  Male.  —  The 
seminal  tubules  of  the  testis  become 
connected  with  the  Wolffian  duct 
by  a  fusion  of  the  anterior  canals 
of  the  mesonephros  with  the 
seminal  tubules,  ^t  the  place 
where  this  fusion  -pccurs  the  rete 
testis  and  tubuli  recti  are  formed. 
The  connexion  is  definitely  estab- 
lished in  the  third  month.  The 
number  of  tubules  taking  part 
varies  considerably,  but  corre- 
sponds to  the  number  of  vasa 
efferentia  found  in  the  adult.  The 
connecting  tubules  becoming  much 
convoluted,  just  as  they  join  the 
Wolffian  duct,  form  the  coni  vas- 
culosi.  The  canal  of  the  epi- 
didymis is  directly  formed  from 
the  anterior  part  of  the  Wolffian 
duct,  and  the  vas  deferens  from  the  more  posterior  portion.  The  ductuli  aberrantes 
and  the  rudimentary  tubules  of  the  organ  of  Girald^s  are  to  be  looked  upon  as  per- 
sistent tubides,  of  a  more  posterior  portion  of  the  Wolffian  body,  which  have  failed  to 
become  connected  with  the  tubules  of  tlie  testis.  The  seminal  vesicles  wliich  arise  in 
the  third  month  are  developed  as  evaginations  fi'om  the  Wolffian  ducts,  near  their  caudal 
extremities.  From  the  part  of  tlie  cloaca  into  wiiich  the  Wolffian  ducts  open  the  prostatic 
uretln-a  of  tlie  adult  is  derived.  The  Miillerian  ducts  atrophy  in  the  male  embryo,  but 
the  hydatids  of  the  epididymis  and  of  the  testis  are  rudimentary  remains  of  their  anterior 
portions,  wliile  the  sinus  pocularis  rej^resents  the  lower  fused  portions  which,  in  the 
embryo,  occupy  the  genital  cord. 

Ducts  in  the  Female. — The  Midlerian  ducts  in  tlie  female  retain  their  openings 
into  the  body  cavity,  and  their  anterior  portions  become  the  Fallopian  tubes.  Their 
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From  the  models  by  Professor  Ecker. 

A.  Slit-like  ectodermal  cloaca  o,  bounded  on  eaoli  side  by  an 

elevation,  e. 

B.  The  genital  enunence  g,  lies  anterior -to  the  opening  of  the 

fossa  ;  s  indicates  the  inner  genital  fold,  to  the  outer  side  of 
which  the  labio-scrotal  fold  is  seen. 


C. 


D. 


E. 


Female — after  complete  sexiaratiou  of  the  rectum  from  the 
urogenital  portion  of  the  cloaoal  fossa.  The  urogenital  por- 
tion of  the  fossa  is  bounded  on  each  side  by  the  labium  majus 
and  the  labium  minus. 

Male — closing  in  of  the  urogenital  portion  of  the  ectodermal 
cloaca  and  of  the  groove  on  the  sexual  eminence  to  form  the 
spongy  portion  of  the  urethra.  Origin  of  the  penis  and 
scrotum. 

Female  —  the  urogenital  portion  of  the  ectodermal  cloaca 
remains  open  an<l  forms  the  greater  part  of  the  urogenital 
cleft  of  the  adult. 

a.  Anus. 

e.  Wall  of  cloacal  fossa. 
<l.  Genital  eminence  or  glans. 
/.  Lower  limb. 
l.iiiiij.  Lal>iuiii  majus, 
I.  m  ill.  Labium  minus. 
0.  Opening  of  cloaca. 


r.  Raphe. 

s.  Inner  geLital  fold  in  B,  and  scro- 

tuiM  or  labio-scrotal  fold  in  D. 
Sp.C:  Umbilical  cord. 
t.  Tail. 

iig.  Urogenital  portion  of  cloaca  or 
opening  into  it. 
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fused  posterior  parts,  whicli  at  first  open  into  the  urogenital  canal,  give  rise  to  the 
uterus  and  vagina.  The  manner  in  which  the  original  position  of  the  opening  of  the 
Miillerian  ducts  becomes  shifted,  by  the  shortening  of  the  urogenital  canal,  so  as  to  appear 
at  the  bottom  of  the  urogenital  fissure,  has  already  been  described. 

The  vaginal  portion  of  the  fused  Miillerian  ducts  is  at  first  relatively  very  short,  and  at 
the  point  where  it  opens  into  the  urogenital  canal  a  slight  fold  appears,  which  is  the 
future  hymen.  The  vagina  increases  rapidly  in  length  as  its  opening  moves  downwards 
towards  the  urogenital  cleft. 

The  Wolffian  ducts  and  the  mesonephros  atrophy  in  the  female,  but  traces  of  them  are 
to  be  found  in  the  longitudinal  canal  of  the  parovarium  and  paroophoron  of  the  adult.  In 
the  fa3tus  the  Wolffian  duct  can  ))e  traced  along  each  side  of  the  \iterus  as  far  as  the 
upper  end  of  the  A'agina. 

Prostate. — Tlie  glandular  portion  of  the  prostate  arises  as  a  series  of  solid  out- 
growths from  tlic  epithelium  of  the  urogenital  canal  during  the  third  month.  The 
outgrowths,  which  are  at  first-  simple,  become  branched  and  finally  acquire  a  lumen. 
They  are  arranged  in  three  groups — an  upper  and  a  lower  dorsal  group,  and  a  ventral. 
The  glands  of  the  ventral  group  soon  become  reduced  in  number  and  often  completely 
disappear. 

Cowper's  glands  are  also  developed  from  the  epithelium  of  the  urogenital  canal. 
Tlie  glands  of  Bartholin  arise  as  outgrowths  from  the  epithelium  of  the  urogenital 
canal. 

External  Genital  Organs. — The  external  genital  organs  are  developed  in  the 
region  of  the  ectodermal  cloacal  fossa,  and  those  of  the  male  and  female  can  only  be 
distinguished  from  one  another  after  the  ninth  week.  The  fossa  is  at  first  shallow, 
but  soon,  by  the  formation  of  prominent  lateral  boundaries,  it  becomes  much  deeper. 
These  lateral  eminences  i-eceivo  the  name  of  outer  genital  or  labio-scrotal  folds,  and 
enclose  between  them  the  genital  eminence  and  the  urogenital  opening  (Fig.  783). 
The  urogenital  opening  is  at  this  time  a  mesial  cleft  and  its  margins  form  a  second 
pair  of  much  smaller  folds  called  the  inner  genital  folds.  The  genital  eminence  which 
is  situated  at  the  upper  or  anterior  end  of  the  fossa,  appears  very  early,  even  before 
the  cloaca  becomes  divided  into  rectal  and  urogenital  subdivisions.  Its  summit  is 
somewhat  enlarged,  and  its  posterior  surface  presents  a  groove  which  leads  into  the 
urogenital  opening.  The  genital  eminence  gives  origin  to  the  terminal  portion  of  the 
clitoris  in  the  female  and  of  the  penis  in  the  male,  the  enlarged  extremity  becoming  the 
glans  in  each  case.  In  the  female  the  interval  between  outer  genital  folds  becomes  the 
urogenital  cleft  of  the  adult,  the  outer  folds  the  labia  ma'ora,  and  the  inner  folds  the 
labia  minora.  The  groove  on  the  posterior  aspect  of  the  clitoris  becomes  closed,  but  does 
not  form  a  canal.  In  the  male,  on  the  other  hand,  the  cloacal  fossa  becomes  roofed  over 
by  the  meeting  together  of  its  lateral  boundaries  to  enclose  a  canal  which  becomes  the 
spongy  part  of  the  urethra.  The  outer  genital  folds,  meeting  in  a  median  raphe,  form  the 
scrotum.  The  groove  on  the  posterior  aspect  of  the  genital  eminence  becomes  by  the 
fusion  of  its  margins  the  terminal  portion  of  the  male  urethra. 


THE  MAMMAEY  GLANDS. 

The  mammary  glands  (mammae)  or  breasts  are  accessory  organs  connected  with 
the  female  reproductive  system.  Each  gland  is  situated  in  the  superficial  fascia 
covering  the  anterior  aspect  of  the  thorax,  and  usually  extends  from  the  level  of 
the  second  to  that  of  the  sixth  ril).  The  hemispherical  projection  formed  by  the 
gland  lies  upon  the  superficial  aspect  of  the  pectoralis  major  and  to  a  small  extent 
upon  the  serratus  magnus  muscle.  Near  the  summit  of  each  mammary  elevation, 
and  usually  at  the  level  of  the  fourth  rib,  is  placed  the  wart-like  nipple  (papilla 
mammse),  which  is  pierced  by  the  minute  openings  of  tlie  lactiferous  ducts  and 
surrounded  by  a  coloured  circular  area  called  the  areola.  The  skin  covering  the 
nipple  is  thrown  into  numerous  wrinkles,  while  on  the  areola  there  are  many 
minute  rounded  projections  due  to  the  presence  I)eneath  of  cutaneous  glands.  These 
have  received  the  name  of  Montgomery's  glands  or  glandulse  areolares,  and  are  con- 
sidered to  represent  rudimentary  portions  of  the  mammary  gland.  The  colour  of 
the  nipple  and  areola  varies  with  the  complexion  of  the  individual,  but  in  young 
sul  ijects  they  are  usually  of  a  somewhat  rosy-pink  colour,  wliich  changes  to  a  deep 
brown  during  the  second  and  third  months  of  first  pregnaiu'v.    During  pregnancy 
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also  the  areola  increases  in  size  and  its  glands  become  more  marked.  The  nipple 
contains  a  considerable  number  of  unstriped  muscle  fibres,  and  becomes  firmer  and 
more  prominent  as  a  result  of  mechanical  stimulation. 

The  size  and  appearance  of  the  mammary  glands  vary  much,  not  only  in  the 
different  races  of  mankind,  but  also  in  the  same  individual  under  different  conditions. 
In  the  young  child  the  mammee  are  small,  and  there  is  little  difference  in  the  male 
and  female.  Their  growth  is  slow  until  the  approach  of  puberty,  and  then  the 
female  mammae  increase 
rapidly  in  size.  At  each  preg- 
nancy the  mammee  become 
large,  and  they  attain  their 
greatest  development  during 
lactation.  The  size  of  the 
mamma  depends  partly  on  the 
amount  of  superficial  fat  and 
partly  on  the  amount  of  gland- 
ular tissue  present. 

Structure  of  the  Mamma. 
— The  mamma  is  composed  of 
a  mass  of  glandular  tissue  tra- 
versed and  supported  by 
strands  of  fibrous  connective 
tissue,  and  covered  by  a  thick 
layer  of  fat.  The  glandular 
tissue,  to  which  the  term  corpus 
mammae  is  applied,  forms  a 
somewhat  conical  mass  whose 
apex  corresponds  to  theposition 
of  the  nipple,  while  its  base  is  loosely  connected  to  the  fascia  covering  the  pectoralis 
major.  In  section  the  corpus  mammae  is  readily  distinguished  from  the  surrounding 
fat  by  its  firmer  consistency  and  by  its  pinkish-white  colour.  The  corpus  mammae  is 
composed  of  lobes  and  lobules,  and  its  superficial  aspect  and  edges  are  very  uneven 
— the  inequalities  of  its  surface  1  )eing  filled  up  by  processes  of  the  fatty  tissue  which 
forms  a  covering  for  the  gland.  This  covering  is  incomplete  beneath  the  areola, 
where  it  is  pierced  by  the  lactiferous  ducts  as  they  pass  into  the  nipple.  The  gland 
is  composed  of  fifteen  to  twenty  lobes  (lobi  mammae)  which  radiate  from  the  nipple, 
each  lobe  being  quite  distinct  from  the  others  and  possessing  its  own  duct.  The 
lobes  are  subdivided  into  secondary  lobes  and  lobules,  bound  together  and  supported 
by  a  considerable  amount  of  connective  tissue  which  forms  the  stroma  of  the  gland. 

The  alveoli  of  the  gland  and  the  secretory  epithelium  lining  them  vary  much 
under  different  conditions.  At  puberty  the  corpus  mammae  is  chiefly  composed  of 
connective-tissue  stroma  and  the  ducts  of  the  gland.  At  this  time  the  alveoli  are 
small  and  few  in  number.  During  lactation,  when  the  gland  is  fully  functional 
the  alveoli  are  enlarged,  distended  with  fluid,  and  much  more  numerous.  The 
epithelial  cells  are  cubical  and  filled  with  fat  globules.  When  the  gland  is  not 
secreting  the  alveoli  l)ecome  small  and  reduced  in  number,  while  the  cells  of  the 
lining  epithelium,  which  are  now  small  and  granular,  do  not  contain  fat  globules. 

The  duct  (ductus  lactiferi)  of  each  lobe,  passing  towards  the  nipple,  becomes 
enlarged  to  form  a  small  spindle-shaped  dilatation  called  an  ampulla  or  sinus  lactiferi ; 
then  becoming  once  more  constricted,  it  passes,  without  communicating  with  the 
other  ducts,  to  the  summit  of  the  nipple,  where  it  opens. 

In  the  male  subject  the  various  parts  of  the  mamma  are  represented  in  a  rudi- 
mentary condition. 

The  presence  of  milk  glands  is  characteristic  of  the  class  mammalia,  and  the 
number  of  pairs  of  glands  in  each  group  of  animals  l)ears  some  relation  to  the 
number  of  young  usually  produced  at  each  l)irth. 

Variations. — Asymmetrv  in  the  development  of  the  iiianuiKe  is  vei-y  conuiioii- — tlie  left 
mamma  ))eing  very  often  larger  than  tlie  right.  Alisence  of  one  or  both  mammai  is  a  very 
rare  abnormaUty,  which  may  or  may  not  be  associated  ■with  absence  of  the  nipples.    When  one 
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nipple  only  is  ])resent  it  is  usually  the  left.  The  presence  of  supernumerary  glands  or  nipples  is 
not  so  unconiiuon,  and  a  very  large  nuniber  of  examples  are  recorded.  The  term  polymasty  has 
heen  a^^jilied  to  cases  in  \vhich  more  than  the  normal  number  of  mamnuE  are  present,  and  poly- 
thely  to  those  in  which  additional  glands,  in  a  rudimentary  condition,  are  represented  by  accessory 
nipjiles.  Usually  the  accessory  glands,  or  nipples,  are  present  on  the  ventral  aspect  of  the  thorax, 
and  in  most  instances  they  occur  below  and  a  little  to  the  inner  side  of  the  normal  site.  When 
the  abnormal  glands  are  found  above  the  normal  site  they  generally  lie  further  from  the  middle 
line.  Much  nioi'e  rarely  accessory  glands  have  Ijeen  found  on  the  abdomen,  in  the  axilla,  or  in 
some  other  situation,  including  even  the  dorsal  aspect  of  the  trunk.  As  jnany  as  three  extra  pairs 
of  mammas  have  lieen  found  in  the  same  individual,  and  cases  in  which  the  jirobable  representa- 
tives of  mammary  glands  were  even  more  numeroushave  l)een  recorded.  Asymmetry  is  very  common 
in  these  abnormal  structures.  It  is  interesting  to  note  that  examples  of  polymasty  and  polythely 
occur  in  the  male  almost  as  fretpiently  as  in  the  female.  In  some  women  the  accessory  breasts 
have  yielded  milk  during  lactation  ;  in  other  cases  the  abnormal  organs  have  been  very  rudi- 
mentary, and  represented  only  by  a  minute  nipple  or  iiigmented  areola.  These  cases  of  poly- 
masty and  i)olythely  are  su])posed  to  represent  a  reversion  to  an  ancestral  condition,  in  whicli 
more  than  two  mammary  glands  were  normally  present,  and  in  which  probably  many  young  wer 
produced  at  each  birth.  In  this  connexion  it  is  interesting  to  observe  that  usually  the  accessory 
glands  occur  in  po-sitions  normally  occujjied  by  mammas  in  lower  animals.  In  the  course  of 
development  of  the  mammary  glands  in  man,  specialised  areas  of  the  epidermis,  similar  to  those 
which  give  origin  to  the  mammary  glands,  have  been  observed  both  above  and  below  the  region 
in  which  the  adult  mannnary  gland.s  are  developed.  These  areas  appear  to  be  pressent  normally, 
but  in  most  cases  they  disappear  at  an  early  stage  in  the  history  of  the  embryo.  In  some  other 
mammals  rudimentary  mammary  glands  may  occur,  as,  for  instance,  in  lemurs  and  in  some  cows. 

A  slight  functional  activity  of  the  mammary  glands  of  the  male  at  Itirtli  and  about  the  time 
of  puberty  is  n(jt  a  very  uncommon  occurrence. 

Vessels  and  Nerves  of  the  Mamma. — The  l)reast  receives  its  arterial  supply  from  the  per- 
foiatiug  branches  of  the  internal  mammary  artery  and  from  the  external  mammary  branch  of  the 
long  thoracic.  Additional  supj)ly  is  sometimes  derived  from  some  of  the  intercostal  vessels.  The 
veins  coming  fi'oin  the  gland  ])our  their  blood  into  the  axillary  and  internal  mammary  veins. 
Some  small  superficial  veins  from  the  Ijreast  join  triljutaries  of  the  external  jugulai-.  The 
lymphatics  of  the  breast  are  very  numerous,  and  form  extensive  lymph  spaces  round  alveoli  of 
the  gland.  The  lymphatic  vessels  coming  from  the  mamma  for  the  most  part  join  the  lymphatic 
glands  of  the  axilla,  but  some  vessels  from  the  inner  part  of  the  breast,  following  the  course  ])ur- 
sued  by  the  perforating  arteries,  join  the  lymphatic  glands  situated  along  the  course  of  the  internal 
mammary  artery.  The  nerve  sujiply  of  the  gland  is  derived  from  the  intercostal  nerves  of  the 
fourth,  fifth,  and  sixth  intercostal  sjjaces.  Along  the  course  of  these  nerves  sympathetic  filaments 
reach  the  breast  from  the  dorsal  part  of  the  sympathetic  cord. 

DEVELOPMENT  OF  THE  MAMM^. 

The  mammary  glands  are  developed  as  downgrowths  of  the  epidermis  into  the  under- 
lying mesobhxstic  tissue.  In  the  human  embryo  a  thickened  raised  area  of  the  epidermis 
is  to  be  recognised  in  the  region  of  the  future  mammary  gland  at  the  end  of  the  fourth 
week.  This  thickened  epiblast  becomes  depressed  in  the  underlying  mesoblast,  and  thus 
the  mammary  area  soon  becomes  flat,  and  finally  sunk  below  the  level  of  the  suiTounding 
epidermis.  The  mesoblast,  where  it  is  in  contact  with  this  downgrowtli  of  the  epiblast, 
is  compressed,  and  its  elements  become  arranged  in  concentric  layers,  which  at  a  later 
stage  give  rise  to  the  connective-tissue  stroma  of  the  gland.  The  depressed  mass  of  epi- 
blastic  cells  soon  becomes  somewhat  flask-shaped,  and  grows  out  into  the  surrounding 
mesoblast  as  a  n^imber  of  solid  processes,  which  represent  the  future  ducts  of  the  gland. 
These  processes,  by  dividing  and  branching,  give  rise  to  the  future  lobes  and  lobules,  and 
much  later  to  the  alveoli.  The  mammary  ai-ea  becomes  gradually  raised  again  in  its 
central  part  to  form  the  nipple.  A  lumen  is  only  formed  in  the  different  parts  of  this 
branching  system  of  cellular  processes  at  birth,  and  with  its  establishment  is  associated 
the  secretion  of  a  fluid  resembling  milk,  which  often  takes  place  at  this  time.  The 
ampullae  appear  as  thickenings  on  the  developing  ducts  before  birth. 

In  those  animals  which  possess  a  number  of  mammary  glands — such  as  the  cat,  pig, 
etc. — the  thickening  of  the  epiblast,  which  is  the  first  indication  of  the  development  of 
these  structures,  takes  the  form  of  a  pair  of  ridges  extending  from  the  level  of  the  fore- 
limb  towards  the  inguinal  region.  These  converge  posteriorly,  and  at  their  terminations 
lie  not  far  from  the  middle  line.  By  the  absorption  of  the  intermediate  portions  the 
ridges  become  divided  up  into  a  niunber  of  isolated  areas,  in  connection  with  which  the 
future  glands  arise.  Such  linear  thickenings  of  the  epiblast  have  not  yet  been  shown  to 
occur  in  the  human  embryo,  but  the  usual  positions  assumed  by  the  accessory  glands  when 
present,  leads  one  to  suspect  that  in  all  probability  the  aficcstors  of  man  possessed 
numerous  mammary  glands  ari'anged,  as  in  lower  animals,  in  lines  converging  when  traced 
towards  the  inguinal  region. 
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By  D.  J.  Cunningham. 

Under  this  title  we  include  a  heterogeneous  group  of  organs,  the  common  feature 
of  which  is  that  the  products  of  their  activity  are  not  conveyed  from  them  by 
means  of  ducts,  but  are  discharged  directly  into  the  vascular  system  through  the 
veins  or  lymphatic  vessels  which  take  origin  within  them.  This  physiological 
process  is  termed  internal  secretion,  and  in  the  case  of  certain  of  these  organs  the 
secretion  has  been  shown  to  exert  a  profound  influence  upon  the  nutritive  changes 
of  the  body. 

The  ductless  glands  include  the  lymphatic  glands,  which  have  ))eeu  already 
described  with  the  vascular  system ;  the  pineal  and  pituitary  bodies,  which  have 
been  referred  to  in  the  account  which  has  been  given  of  the  l)rain ;  and  the  spleen, 
the  suprarenal  capsules,  the  thyroid  body,  the  parathyroids,  the  thymus  body,  the 
coccygeal  body,  the  carotid  Ijody — all  of  which  still  remain  to  be  studied. 

THE  SPLEEN. 

The  spleen  (lien)  is  the  largest  of  the  ductless  glands.  It  varies  greatly  in  .size 
in  different  individuals,  and  also  in  the  same  individual  under  differeiit  conditions, 
consequently  it  is  difficult  to  give  its  average  dimensions.  Eoughly  speaking,  it  may 
be  said  to  be  as  a  rule  about  five  inches  in  length  and  three  inches  in  width  at  its 
widest  part.  It  is  a  soft  yielding  organ,  very  vascular,  and  somewhat  purple  in 
colour.  It  lies  far  back  in  the  abdominal  cavity  between  the  stomach  and  the 
diaphragm,  and  its  position  is  such  that,  whilst  the  greater  part  of  the  organ  is 
situated  in  the  left  hypochondrium,  its  upper  end  extends  inwards  beyond  the  left 
Poupart  plane,  and  thus  comes  to  lie  in  the  epigastric  region.  It  is  placed  very 
obliquely,  and  its  long  axis  corresponds  closely  in  its  direction  to  that  of  the 
back  part  of  the  tenth  rib. 

Form  of  Relations  of  the  Spleen. — The  spleen  has  the  shape  of  an  irregular 
tetrahedron.  The  upper  end  or  apex  (extremitas  superior)  points  inwards  and 
backwards,  and  is  curved  to  some  extent  forwards  on  itself.  Of  the  four  surfaces 
the  most  extensive  is  the  diaphragmatic  (facies  diaphragmatica),  which  looks  back- 
wards and  outwards.  It  rests  upon  the  Ijack  part  of  the  diaphragm,  to  the  curvature 
of  which  it  is  accurately  adapted.  By  the  diaphragm  it  is  separated  from  the  ninth, 
tenth,  and  eleventh  ribs.  It  is  necessary  also  to  remember  that  the  pleura  descends 
between  this  portion  of  the  chest  wall  and  the  diaphragm,  and  thus  comes  to  lie 
superficially  to  the  greater  part  of  this  diaphragmatic  surface  of  the  spleen.  The 
thin  basal  margin  of  the  lung,  which  occupies  the  upper  part  of  the  pleural  recess, 
likewise  intervenes  between  the  upper  part  (if  the  spleen  and  the  surface  of  the 
body. 

In  the  foetus  and  infant,  in  wliicli  the  liver  is  relatively  very  large,  the  left  lohe  of  that  organ 
extends  to  the  left  so  far  that  it  comes  as  a  rule  to  intervene  between  a  portion  of  the  spleen  and 
the  diaphragm.  Such  a  relation  is  sometimes  seen  in  the  adult,  but,  excejit  in  childhood,  it  is, 
usual  for  the  liver  to  fall  short  of  the  spleen. 
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The  remaining  lliree  surfaces  of  the  spleen  are  turned  towards  the  cavity  of  the 
abdomen,  and  are  ch)sely  applied  to  tlie  viscera  wliicli  support  the  organ  in  its 
place.  These  three  surfaces,  which  may  be  grouped  together  under  the  one  term 
of  visceral  aspect  of  the  organ,  are  separated  from  each  other  by  three  ridges  which 
radiate  from  a  Vjluut  and  somewhat  inconspicuous  prominence  which  may  be  termed 
the  internal  basal  angle.  One  of  these  ridges,  a  salient  and  prominent  Ijorder  (inargo 
intermedins),  extends  to  the  npper  end  of  the  spleen,  and  separates  an  extensive 
anterior  gastric  area  from  a  narrower  posterior  renal  area.  A  second  short  border 
passes  backwards  to  the  posterior  basal  angle,  and  intervenes  between  the  renal  and 
basal  surfaces;  whilst  the  third  ridge,  often- obscurely  marked,  proceeds  forwards  to 
the  anterior  basal  angle  and  separates  the  gastric  and  the  basal  surfaces  from  each 
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Fig.  78,0. — Dissection  of  the  Spleen,  Liver,  and  Kidneys  from  behind,  in  a  Subject  hardened  by 

Formalin-injection. 

other.  The  term  basal  surface  is  applied  to  a  triangular  area  which  is  mapped 
out  by  the  two  last-named  ridges  together  with  the  lower  border  of  the  organ. 

The  gastric  surface  (facies  gastrica)  is  the  most  extensive  of  the  three  visceral 
districts.  It  is  deeply  concave,  and  is  moulded  on  the  fundus  of  the  stomach. 
Within  its  area,  and  about  an  inch  or  so  in  front  of  the  margo  intermedins,  is  the 
hilus  of  the  organ.  This  is  a  slit,  frequently  broken  up  into  two  or  more  pieces, 
whicli  gives  passage  to  the  vessels  and  nerves  which  enter  and  leave  the  spleen. 
Behind  the  hilus,  and  immediately  in  front  of  the  internal  basal  angle,  there  is  a 
depression  of  varialile  extent  and  depth  into  which  the  tail  of  the  pancreas  is 
received. 

The  renal  surface  (facies  renalis)  is  flat  and  even.  It  is  applied  to  the  anterior 
surface  of  the  upper  part  of  the  kidney,  close  to  its  outer  border.  Sometimes  the 
part  of  this  surface  which  adjoins  the  apex  or  upper  end  of  the  organ  is  applied  to 
the  left  suprarenal  capsule,  but  as  a  rule  it  falls  short  of  that  structure. 

The  basal  surface  (facies  basalis)  is  the  smallest  of  the  three  visceral  areas.  It 
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is  triangular  in  i'onn,  and  looks  downwards  and  inwards,  an*d  is  in  contact  with  the 
splenic  ilexure  f)f  the  colon  and  the  costo-colic  ligament  {;inde  p.  1033). 

The  anterior  border  (margo  anterior)  of  the  Spleen  is  sharp  and  prominent,  and 
intervenes  between  the  gastric  and  diaphragmatic  surfaces.  Its  leading  character- 
istic is  that  it  is 
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Fig.  786.— The  Spleen — Visceral  Aspect. 


irregularly  notched. 
The  posterior  border 

(margo  posterior) 
separates  the  renal 
from  the '  diaphrag- 
matic surface.  It 
is  important  to 
know  that,  if  in  the 
living  subject  the 
finger 


IS  drawn 
along  the  last  in- 
tercostal space,  it 
will  indicate  with 
tolerable  accuracy 
on  the  surface  of 
the  body  the  posi- 
tion and  direction 
of  the  posterior 
border.  The  in- 
ferior border  (margo 
inferior)  of  the 
spleen  intervenes 
between  the  dia- 
phragmatic surface 
and  the  basal  sur- 
face. The  other  margins  of  the  spleen  are  those  which  separate  the  visceral  areas 
from  each  other,  and  they  have  been  already  noticed. 

A  marked  feature  of  the  typically-formed  spleen  is  the  great  prominence  of  the 
anterior  basal  angle.    It  forms  the  most  anteriorly  placed  part  of  the  organ. 

Peritoneal  Relations  of  the  Spleen. — The  spleen  is  almost  completely  enveloped 
by  peritoneum,  and  two  folds  of  peritoneum,  viz.  the  gastro-splenic  omentum  and 
the  lieno-renal  ligament,  pass  from  it.  Both  of  these  folds  are  attached  in  the 
neighbourhood  of  the  hilus.  The  lieno-renal  ligament  proceeds  l)ackwards  to  the 
anterior  surface  of  the  left  kidney  (p.  1049) ;  the  gastro-splenic  omentum  connects 
the  spleen  with  the  fundus  of  the  stomach  (p.  1054). 

Accessory  Spleens. — Small  globular  masses  of  splenic  tissue  are  not  infrequently  found  in 
tlie  neighbourhood  of  the  s])leen.    These  are  termed  accessory  spleens. 

Blood-vessels,  Lymphatics,  and  Nerves  of  the  Spleen.— The  large  splenic  artery  gains  the 
spleen  by  passing  between  the  two  layers  of  the  lieno-renal  ligament.  It  breaks  up  into  several 
branches  which  enter  the  organ  througli  the  hilus.  Some  twigs  proceed  from  the  splenic  artery 
to  the  stomach,  which  they  gain  by  insinuating  themselves  between  the  two  layers  of  the  gastro- 
splenic  omentum.  The  splenic  vein  is  formed  in  the  lieno-renal  ligament  by  the  union  of  the 
branches  which  emerge  from  the  hilus  of  the  organ.  It  joins  the  superior  mesenteric  vein  to 
form  the  vena  portse. 

The  splenic  plexus  of  nerves  is  an  oilset  from  the  coeliac  part  of  the  solar  plexus,  and  accom- 
panies the  arteries  into  the  spleen. 

The  lymphatic  vessels  leave  the  spleen  at  the  hilus,  and  accompany  the  great  vessels.  There 
are  no  lymphatic  channels  within  the  spleen,  although  they  are  present  in  its  capsule  (Mall). 

Structure  of  the  Spleen. — In  our  study  of  the  structure  of  the  spleen  we  have  to 
consider — (1)  the  tunica  propria,  (2)  the  trabecular  framework,  (3)  the  spleen  pulp, 
and  (4)  the  distribution  of  the  blood-vessels  and  the  Malpighian  corpuscles. 

Tunica  propria  (tunica  albuginea). — Subjacent  to  the  serous  coating  furnished  bv  the 
peritoneum  tlie  spleen  is  provided  with  a  strong  capsule  termed  the  tunica  propria.  This 
is  formed  of  fibrous  tissue,  with  a  large  proportion  of  elastic  fibres  and  a  certain  amount  of 
involuntary  muscular  tissue.  It  is  therefore  highly  distensible,  and  jDerhaps  feebly  con- 
tractile.   To  the  outer  surface  of  this  capsule  the  peritoneum  is  inseparably  attached. 
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Trabecular  Framework  (tmbeculie  licnis). — From  tlie  deep  surface  of  tlie  tunica 
propria,  numerous  processes  or  traljecul.e  are  giveivoff,  and  these  penetrate  into  tlie  sub- 
stance of  the  spleen.  Some  are  cord-like,  others  are  in  the  form  of  flattened  bands,  and  all 
are  composed  of  fibrous  tissue  and  invohuitary  muscular  fibres.  AVithin  the  spleen  the 
trabeculse  branch  and  re-branch,  and  join  with  each  other  to  form  a  supporting  framework 
for  the  organ.  The  blood-vessels,  as  they  enter  at  the  hilus,  carry  in  with  them  connec- 
tive-tissue sheaths,  and  these  also  take  part  in  the  formation  of  the  trabecular  framework. 

Spleen  Pulp  (pulpa  lienis). — The  interstices  between  the  strands  of  the  trabecular 
framework  are  tilled  with  spleen  pulp.  This  is  supported  by  a  delicate  reticulvmi  formed 
by  branching  cells.  The  spaces  of  the  network  freely  communicate,  and  are  occupied  by 
blood  in  which  there  are  lai-ge  numbers  of  leucocytes,  and  also  large  cells  special  to  the 
spleen.  These  are  termed  splenic  cells,  and  contain  pigment,  and  not  infrequently  red 
blood  corpuscles  in  their  interior. 

Blood-vessels  and  Malpighian  Corpuscles. — The  splenic  arteries,  as  they  traverse  the 
spleen,  run  in  the  trabecuhe.  The  small  branches  ultimately  leave  these  and  enter  the 
spleen  pulp.  As  they  do  so.  they  become  ensheathed  in  a  coating  of  adenoid  tissue.  At 
certain  points  in  the  course  of  the  arteries  this  sheath  suddenly  increases  in  thickness,  and 
forms  small  round  or  oval  masses  of  adenoid  tissue  upon  the  vessel.  In  sections  through 
the  spleen  these  small  nodular  masses  are  visible  to  the  naked  eye  as  minute  white  spots. 
They  are  called  Malpighian  corpuscles  (noduli  lympliatici  lienales).  The  artery  rarely 
passes  thi'ough  the  centre  of  such  a  corpuscle.  As  a  rule  the  adenoid  tissue  is  massed 
chiefly  upon  one  side  of  the  vessel,  and  a  plentiful  supply  of  blood  is  given  to  the  nodule 
by  means  of  a  capillary  network  in  connexion  with  the  artery  on  which  the  Malpighian 
corpuscle  is  developed. 

The  manner  in  which  the  minute  terminal  arteries  end  in  the  spleen  pulp  is  peculiar. 
The  wall  becomes  reduced  to  the  endothelial  lining,  and  the  cells  forming  this  gradually 
separate  from  each  other  and  become  continuous  with  those  of  the  reticulum  of  the  spleen 
pulp.  The  blood  therefore  flows  directly  into  the  meshes  of  the  reticulum  of  the  pulp. 
The  minute  radicles  of  the  veins  begin  in  the  same  way  as  the  arteries  end.  The  walls 
are  gradually  built  up  by  the  union  of  cells  continuous  with  the  open  reticulum,  and  the 
blood  flowing  into  the  vessels  so  formed  is  led  away  towards  the  larger  veins  which  occupy 
the  trabeculiv. 

Development  of  the  Spleen. — It  is  not  until  the  second  month  of  intrauterine 
development  that  the  spleen  begins  to  develop.  It  is  formed  from  mesoderm,  and  appears 
in  the  dorsal  mesogastrium  in  the  neighbourhood  of  the  imncreas.  After  a  short  time  it 
becomes  invaded  by  blood-vessels,  but  the  Malpighian  corpuscles  are  somewhat  late  in 
making  their  appearance.  The  spleen  grows  to  the  left  in  the  direction  of  least  resistance, 
protruding  the  left  layer  of  the  mesogastrium  before  it,  and  its  form  is  determined  by 
the  pressure  to  which  it  is  subjected  by  the  neighbouring  viscera  and  the  abdominal  wall. 

THE  SUPKARENAL  CAPSULES. 

Tlie  suprarenal  capsules  (glandula3  suprareuales)  are  two  small  flattened  organs 
which  lie  in  tlie  epigastric  region,  one  on  either  side  of  the  spine,  and  in  intimate 
relation  to  the  upper  end  of  the  corresponding  kidney. 

The  right  suprarenal  capsule  is,  as  a  rule,  triangular  in  form,  and  rests  by  its 
base  upon  the  anteri(jr  and  inner  aspect  of  the  upper  enil  of  the  right  kidney.  It 
is  placed  between  the  posterior  surface  of  the  right  lobe  of  the  liver  and  that  portion 
of  the  diaphragm  which  covers  the  side  of  the  spine. 

Tlie  anterior  surface,  which  looks  outwards  as  well  as  forwards,  presents  two 
impressions — (1)  The  one  is  a  narrow  flattened  striyj  adjoining  the  anterior  border 
of  the  capsule  which  is  overlapped  by  the  inferior  vena  cava ;  (2)  the  second 
impression  comprises  the  remainder  of  the  anterior  surface,  and  is  in  contact  with 
the  liver.  Only  a  small  and  variable  part  of  the  lower  portion  of  the  anterior 
surface  of  the  right  suprarenal  capsule  is  covered  by  peritoneum.  On  tlie  upper 
part  of  the  impression  for  the  vena  cava,  not  far  from  the  apex  of  the  capsule,  a 
short  lissure  termed  the  hilus  may  be  observed.  From  this  issues  a  sliort  wide 
vein  which  immediately  enters  the  vena  cava  inferior.  The  i)oderior  swrfuce'oi 
the  right  suprarenal  capsule  is  divided  by  a  salient  curved  ridge  into  an  u])per  flat 
part,  which  is  applied  to  the  diaphragm,  and  a  conca\e  lower  })art,  which  is 
occupied  by  fat  and  rests  upon  the  kidney. 
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The  left  suprarenal  capsule  presents  a  semilunar  form,  and  as  a  rule  is  slightly 
larger  than  tlie  right  capsule.  Its  ^iosition  on  the  kidney  is  also  somewhat  different. 
It  is  usually  placed  on  its  inner  l^order  immediately  ahove  the  hilus.  The 


Fio.  787. 

A.  Anterior  surface  of  right  suprarenal  capsule.    B.  Anterior  surface  of  left  suprarenal  capsule. 
"  The  upper  and  inner  parts  of  each  kidney  are  indicated  in  outline.    On  the  right  capsule  the  dotted  line 
indicates  the  upper  limit  of  the  peritoneal  covering. 

anterior  surface,  presents,  not  far  from  its  lower  end,  a  very  oltvious  hilus  with  a 
large  emerging  vein.  The  greater  part  of  this  surface  is  in  relation  to  the  posterior 
aspect  of  the  stomach,  and  forms  a  portion  of  the  l)ed  in  which  that  organ  lies.  Tliis 
gastric  area  of  the  suprarenal  capsule  is  clothed  by  peritoneum  derived  from  the 
lesser  sac.  The  lower  portion  of  the  anterior  surface  is  covered  by  the  pancreas 
and  crossed  by  the  splenic  vessels,  and  is  not  in  relation  to  the  peritoneum.  Some- 
times the  spleen  extends  inwards  so  as  to  lie  in  relation  to  tire  upper  part  of  the 


Fig.  788. 

A.  Posterior  surface  of  l  ight  suprarenal  capsule.    B.  Posterior  surface  of  left  suprarenal  capsule. 


anterior  surface  of  the  left  suprarenal  capsule,  Init  this  cannot  be  said  to  be  the 
rule.  The  posterior  surface  is  subdivided  into  two  areas,  as  on  the  right  side,  by  a 
curved  ridge.  The  upper  area  is  Hat,  and  applied  to  the  left  crus  of  the  diaphi'agni ; 
the  lower  area  is  hollowed  out,  and  is  in  relation  to  the  kidney,  a  considerable 
amount  of  fat  intervening. 

In  the  fcetus  the  suprarenal  capsules  are  relatively  very  much  larger  than  in  the  adult. 
Indeed,  on  the  left  side  the  capsule  extends  downwards  on  the  kidney  so  far  that  the  spleen  is 
completely  shut  out  liy  it  from  that  organ. 

Vessels  of  the  Suprarenal  Bodies. — Each  capsule  receives  three  arteries — viz.  from  the  infeiior 
phrenic,  from  the  aorta,  and  from  the  renal  artery.    One  large  vein,  emerging  from  the  hilus  ou 
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the  anterior  surfacfe,  as  a  rule  conveys  all  the  blood  from  the  organ.  On  the  right  side  it  opens  at 
once  into  the  inierinr  vena  cava,  and  on  the  left  side  into  the  left  renal  vein. 

The  nerves  of  the  suprarenal  bodies  are  very  numerous.  They  come  from  the  solar  plexus, 
and  constitute  tlie  suprarenal  plexus. 

Structure  of  the  Suprarenal  Capsule. — The  suprarenal  capsule  is  surrounded 
by  a  thill  eoiuiective-tissue  sheath,  from  the  deep  surface  of  which  tine  processes  are  given 
off  which  enter  the  substance  of  the  organ,  and  form  within  it  a  supporting  stroma  or 
framework. 

The  gland-substance  is  composed  of — (1)  an  external  cortical  portion,  firm  in  con- 
sistence, of  a  yellowish  hue,  and  forming  the  chief  bulk  of  the  organ ;  and  (2)  an  internal 
medullary  part,  verj'  soft  and  puljjy,  and  dai'k  brown  in  colour. 

The  cortical  substance  (substantia  corticalis)  consists  of  groups  of  cells  occup^dng  the 
interstices  of  the  stroma.  These  cell-groups  present  different  forms  at  different  levels 
from  the  surface.  Thus,  subjacent  to  the  connective-tissue  sheath,  there  is  a  thin  stratum, 
termed  the  rMna  yloiaerulosa,  in  which  the  cell  masses  are  more  or  less  rounded ;  next 
comes  the  zona  fasciculata,  which  constitutes  the  chief  part  of  the  cortex,  and  in  which 
the  cells  are  grouped  in  long  columns  which  are  arranged  radially  with  reference  to  the 
surface ;  and  lastly,  there  is  the  deepest  layer,  the  zona  reticuJaris,  in  wliicli  the  cells  are 
disposed  in  a  I'eticular  manner  amidst  the  stroma. 

The  medullary  part  (substantia  medullaris)  is  also  pervaded  by  a  fibrous  stroma 
continuous  with  that  of  the  cortex.  This  forms  an  irregular  meshwork,  the  spaces  of 
which  are  occupied  by  cells  of  very  variable  shaj^e  and  somewhat  similar  to  epithelium  in 
appearance. 

The  arteries  enter  the  cortex  and  break  up  into  capillaries  which  are  arranged  around 
the  cell-groups.  In  the  medulla  there  are  large  thin-walled  capillaries  into  which  the 
whole  blood  of  the  organ  passes.  These  capillaries  are  closely  surrounded  by  the  nied\illary 
cells.    Proceeding  from  them  are  the  radicles  of  the  capsular  vein. 

Development  of  the  Suprarenal  Capsule. — Several  observers  ascribe  a  totally 
dift'erent  origin  to  the  cortical  and  medullary  parts  of  the  suprarenal  body.  According 
to  these  authorities  the  medulla  is  derived  as  a  column  of  cells  which  grows  out  from  the 
sympathetic  cord,  and  becomes  in  the  process  of  development  encapsulated  within  the 
cortex.  That  a  ^wrtion  of  tlie  sympathetic  enters  the  suprarenal  capsule  would  appear 
to  be  undoubted,  but  that  it  forms  the  medulla  is  questionable.  Gottschaw  and  Janosik 
hold  that  the  medullary  cells  are  in  reality  derived  by  a  metamorphosis  of  the  cortical  cells. 

The  cortical  part  of  the  suprarenal  body  is  formed  from  a  mass  of  mesodermic  cells 
wiiicli  become  grouped  together  in  the  immediate  vicinity  of  the  inferior  vena  cava  soon 
after  that  vessel  is  formed.  The  cells  thus  accumulated  together  are  said  to  be  derived 
directly  or  indirectly  from  the  epithelial  cells  which  line  the  body  cavity.  Janosik  and 
Mihalkovics  believe  that  they  come  from  the  germ  epithelium  which  covers  the  preaxial 
part  of  the  genital  ridge.  According  to  Weldon,  however,  thej  owe  their  origin  to  colunxns 
of  cells  which  grow  out  from  the  Malpighiaii  glomeruli  of  the  preaxial  part  of  the  Wolffian 
body. 

THE  THYKOID  BODY. 

Tlie  thyroid  body  (glandula  thyreoidea)  is  a  highly  vascular,  pliant  structure 
wliicli  clasps  the  upper  part  of  the  trachea  and  extends  upwards  for  some  distance 
upon  each  side  of  the  larynx.  In  size  it  varies  greatly  in  cUhereut  individuals,  and 
in  the  female  and  child  it  is  alwaj's  relatively  larger  than  in  the  adult  male.  It 
consists  of  three  well-marked  subdivisions — viz.  two  lateral  lobes,  joined  across  the 
middle  line  by  the  isthmus. 

Each  lateral  lobe  is  conical  in  form.  Its  Ijase  extenils  downwards  upon  the  side 
of  the  trachea  as  far  as  the  fifth  or  sixth  tracheal  ring,  whilst  its  apex  rests  upon 
the  ala  of  the  tliyroid  cartilage.  Its  superficial  surface  is  somewhat  flattened,  and 
is  clothed  by  the  pretracheal  layer  of  cervical  fascia,  from  which  the  organ  derives 
a  sheath,  and  also  by  the  sterno-thyroid,  sterno-hyoid,  and  omohyoid  muscles.  It 
is  also  overlapped  by  the  sterno-mastoid  muscle.  Its  deej)  surface  is  adapted  to  the 
parts  upon  which  it  lies — viz.  to  the  side  of  the  trachea,  to  the  cricoid  cartilage,  and 
to  the  inferior  coi'uu  and  adjoining  part  of  the  surface  of  the  ala  of  the  thyroid 
cartilage;  whilst  its  posterior  border  extends  liackwards  so  as  to  touch  the  03S0- 
phagus  and  pharynx  antl  overlap  the  common  carotid  artery  (Fig.  G2G,  p.  924). 

The  isthmus  of  the  thyroid  body  is  a  narrow  l.iand  of  varying  width  which  lies 
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in  front  of  the  second,  third,  and  fourth  rings  of  the  trachea,  and  unites  the  bases 
or  lower  ends  of  the  two  lateral  lobes. 

A  third  lobe  is  frequently  found  in  connexion  with  the  thyroid  l:)ody.    This  is 
the  pyramidal  or  middle  lobe  (Fig.  790).  When 
an  elongated  slender  process 


present  it  assumes  the  form  of 

Tliyroid  cartilage 


Innominate  artery 

-Dissection  of  the  Thyroid  Body  and  of  the  Parts 
in  imjiediate  relation  to  it. 


which  springs  from  the  upper 
border  of  the  isthmus  on  one 
or  other  side  of  the  mesial 
plane  (more  usually  on  the 
left  side)  and  extends  up- 
wards for  a.  variable  distance 
towards  the  hyoid  bone  upon 
the  cricoid  and  thyroid  car- 
tilages. A  strand  of  fibrous 
tissue,  or  perhaps  a  narrow 
slip  composed  of  muscular 
fibres  (levator  glandulte 
thyreoideai),  connects  it  to 
the  body  of  the  hyoid  bone. 

The  thyroid  body  is 
firmly  attached  to  the  parts 
on  which  it  lies,  and  there- 
fore follows  the  larynx  in 
all  its  movements. 

Variations. — Small  detached 
portions  of  the  thyroid  tissue 
placed  in  the  neighbouriiood  of 
the  kiteral  lobes  or  in  the  vicinity 
of  the  hyoid  bone  are  not  un- 
common. Such  glandular  inasse.s 
are  termed  accessory  thyroid  Fio.  789.- 
bodies.  The  istbmus  is  the  part 
of  the  organ  which  is  most  suIj- 

ject  to  variation.  Its  size  differs  greatly  in  different  individuals,  and  it  not  infrequently  happens 
that  it  is  absent. 

Blood-vessels. — Four  large  arteries,  and  occasionally  a  fifth  smaller  vessel,  convey  blood  to  tlie 
thyroid  body.  Two  superior  thyroid  branches  spring  from  the  external  carotid  arteries.  Each 
of  these  divides  at  the  apex  of  the  lateral  lobe  into  three  Ijranches  for  its  supj^ly.  Two 
inferior  thyroid  branches  from  the  thyroid  axis  of  the  subclavian  artery  distribute  their  terminal 
Ijrailches  to  the  basal  portions  and  deep  surfaces  of  the  lateral  lobes.  The  occasional  artery  is  the 
thyroidea  ima,  a  branch  of  the  innominate,  which  ascends  upon  the  trachea  to  reach  the  isthmus  • 
of  the  thyroid  body.    The  thyroid  arteries  anastomose  freely  with  each  other. 

The  veins  which  drain  the  blood  from  the  tliyroid  body  are  still  more  numerous.  They  are 
three  in  number  on  each  side — viz.  the  superior  and  middle  thyroid  veins,  which  join  the  internal 
jugular  ;  and  the  inferior  thyroid,  which  descends  in  front  of  the  trachea  and  joins  its  fellow  of 
the  opposite  side  to  form  a  large  common  stem  which  opens  into  the  left  innominate  vein. 
Numerous  large  veins  ramify  on  the  surface  of  the  organ  and  lie  in  grooves  in  its  substance. 
It  is  from  this  plexus  that  the  inferior  thyroid  veins  take  origin. 

The  nerves  which  go  to  the  thyroid  body  accompany  the  vessels.  They  are  derived  from ' 
the  middle  and  inferior  cervical  ganglia  of  the  sympathetic. 

Structure  of  the  Thyroid  Body. — The  thyroid  body  is  enveloped  by  a  closely 
applied  thin  capsule  of  coiniective  tissue.  From  the  deep  surface  of  this  numerous  pro- 
.  cesses  penetrate  into  the  substance  of  the  organ,  and  divide  it  into  lobes  and  lobules. 
From  the  septa  which  separate  the  lobules  fine  lamellfe  proceed  which  form  the  boundaries 
of  vast  numbers  of  closed  vesicles  or  alveoli  of  different  sizes  and  shapes.  Some  of  the 
vesicles  are  spherical  or  polyhedral,  whilst  others  are  oval  or  flattened  and  branching.  All 
are  lined  by  a  laj'er  of  cubical  or  columnar  epithelial  cells,  and  most  of  them  contain  a 
viscid  semi-fluid  colloid  material. 

The  blood-vessels  traverse  the  organ  in  the  fibrous-tissue  septa,  whilst  the  capillary 
network  is  disposed  on  the  outer  surface  of  the  various  vesicles.  Numerous  lymphatic 
vessels  arise  external  to  the  alveoli,  and  Baber  has  shown  that  they  frequently  contain 
colloid  material  similar  to  that  in  the  interior  of  the  vesicles. 

Development  of  the  Thyroid  Body. — The  thyroid  bodj'  is  formed  from  three 
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originally  separate  and  distinct  rudiments  which  arise  independently  of  each  other — viz.  a 
median  rudiment  and  two  lateral  rudiinents. 

The  median  thyroid  rudiment  arises  as  a  liypoblastic  evagination  or  tubular  diverti- 
culum from  the  floor  or  ventral  wall  of  the  piiarynx  (Fig.  28,  F.C,  p.  35).  The  point  at 
which  tliis  occurs  is  in  front  of  the  second  visceral  arches,  at  the  junction  between  the 
basal  portion  of  the  tongue  and  that  part  of  the  organ  which  is  developed  from  the 
tuberculum  impar  (see  pp.  36  and  963).  The  foramen  caecum  on  the  dorsum  of  the 
adult  tongue  represents  the  upper  persistent  part  of  the  median  thyroid  diverticulum. 
The  median  thyroid  rudiment  is  at  first  in  the  form  of  a  short  hypoblastic  outgrowth 
which  extends  downwards  towards  the  front  of  the  larynx.  It  rapidly  elongates,  and  its 
terminal  extremity  bifurcates  and  comes  to  lie  in  front  of  tlie  upper  ])art  of  the  trachea. 
This  bifurcated  extremity  forms  the  isthmus  of  the  thyroid  body,  and  probably  also 
a  jJortion  of  each  lateral  lobe.  The  portion  of  the  diverticulum  which  intervenes 
between  the  foramen  cajcum  and  the  isthmus  is  termed  the  thyro-glossal  duct.  It  very 
early  loses  its  lumen,  and  becomes  converted  into  a  solid  cord  of  epithelial  cells.  The 
lower  part  of  this  usually  persists  as  the  pyramidal  lobe,  whilst  the  remainder  becomes 
broken  up  into  detached  parts.  Certain  of  these  fragments  may  persist  as  accessory 
thyroid  glands,  and  indicate  the  course  pursued  by  the  original  thyro-glossal  duct.  Cases 
in  which  jjortions  of  the  thj'ro-glossal  duct  not  only  persist  but  remain  patent  occasion- 
ally occur.  The  rare  occurrence  of  a  lingual  duct,  which  extends  from  the  foramen  csecum 
downwards  through  the  tongue  towards  tiie  hyoid  bone,  is  accounted  for  in  this  manner. 

The  lateral  thyroid  rudiment  of  each  side  arises  as  a  saccular  hypoblastic  diverticulum 
from  the  pharyngeal  side  of  the  fourth  visceral  cleft  (see  p.  34).  It  comes  into  relation 
with  the  lateral  aspect  of  the  larynx,  and  becoming  cut  oft'  from  the  cavity  of  the  pharynx, 
it  joins  with  the  isthmus  or  median  rudiment  toiform  the  greater  part  of  the  lateral  lobe 
of  the  thyroid  body. 

The  thyroid  body  in  its  primitive  condition  and  in  each  of  its  three  parts  is  epithelial. 
Soon  it  is  invaded  by  connective  tissue  and  blood-vessels,  but  the  hypoblastic  epithelium 
is  retained  as  the  cellular  lining  of  its  constituent  vesicles. 

Parathyroids. 

The  parathyroid  glands  are  two  minute  structures  which  lie  iu  more  or  less  close 
relation  to  each  lateral  lobe  of  the  thyroid  body.  They  are  apt  to  be  mistaken  for 
accessrjry  thyroids,  but  in  structure  they  are  different.  One,  more  constant  in 
position  than  the  other,  is  situated  on  the  posterior  aspect  of  the  oesophagus  at 
the  level  of  the  lower  border  of  the  cricoid  cartilage,  and  in  more  or  less  intimate 
relation  to  the  posterior  border  of  the  lateral  lobe  of  the  thyroid  body.  The 
second  parathyroid  body  is  placed  either  in  close  apposition  with  the  lower  border 
of  the  lateral  lobe  of  the  thyroid,  or  on  the  trachea  at  a  varying  distance  below  it. 
The  inferior  thyroid  artery  intervenes  between  the  two  parathyroid  bodies  (Welsh). 

The  parathyroid  bodies  are  composed  of  epithelial  cells,  and  in  structure  bear 
a  close  resemblance  to  the  anterior  lobe  of  the  pituitary  body.  It  has  been  shown 
that  the  removal  of  the  four  parathyroids  from  the  cat  is  followed  by  very  severe 
symptoms,  and  in  two  cases  out  of  three  death  ensued  in  the  course  of  a  few  days 
(Welsh). 

THYMUS  GLAND. 

The  thymus  gland  can  only  be  studied  to  advantage  in  the  later  period  of  foetal 
life  or  in  early  childhood.  It  attains  its  maximum  development  towards  the  end 
of  the  second  year,  and  from  this  time  on  it  dwindles  away  until  very  little  of  it 
is  left.  In  the  new-born  child  it  is  of  a  pinkisli  colour,  and  is  composed  of  two 
lateral  lobes,  separated  by  an  intervening  fissure,  which  are  very  seldom  of  equal 
size.  The  main  portion  of  the  gland 'is  placed  within  the  thorax,  but  the  two  lobes 
end  above  in  two  blunt  prolongations  which  are  carried  upwards  for  a  varying 
distance  into  the  neck. 

The  thoracic  portion  of  the  thymus  gland,  in  its  fully-developed  condition,  is 
placed  in  the  superior  and  anterior  mediastinal  spaces,  and  as  a  rule  it  extends 
downwards  as  far  as  the  level  of  the  fourth  costal  cartilages.  The  mediastinal 
pleura  and  lung  are  applied  to  it  on  either  side,  whilst  the  sternum  and  costal 
cartilages  are  in  close  relation  to  it  in  front.    The  deep  surface  of  the  thymus  is 
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moulded  upon  the  pericardium  and  upon  the  vessels  in  the  front  part  of  the 
siiperior  mediastinum.  Thus,  when  it  is  hardened  in  situ  and  removed,  it 
presents  on  its  posterior  surface  a  deep  pericardial  cnncavity,  with  impressions 
on  the  upper  part  of  this 
hollow  corresponding  to 
the  pulmonary  artery  and 
vena  cava  superior  (Fig. 
791).  Above  the  peri- 
cardial surface  deep 
grooves  indicate  the 
intimate  manner  in 
which  it  is  adapted  to 
the  two  innominate  veins. 
Above  the  left  innomi- 
nate vein  the  two  lobes 
of  the  thymus  ascend 
to  an  unequal  height 
into  the  neck.  They 
are  placed  in  front  of 
the  trachea,  and  extend 
outwards  so  as  to  over- 
lap the  termination  of 
the  innominate  artery 
on  the  right  side  and 
the  left  common  carotid 
artery  on  the  left  side. 
One  or  other  of  the  lobes 
may  rise  as  high  as  the 
thyroid  gland,  but  as  a 
rule  both  fall  somewhat 
short  of  this  organ,  and 
the  lobe  which  ascends 
highest  is  usually 
attached  to  the  corre- 
sponding lateral  lobe  of 
tire  thyroid  body  by  a 
strand  of  connective 
tissue. 

After  the  second  year 
the  thymus  gland  remains  stationary,  or  it  l^egins  slowly  to  diminish  in  size, 
but  when  puberty  is  reached  a  rapid  degeneration  sets  in.  Its  lobules  become 
infiltrated  with  fat  and  loose  strands  of  connective  tissue.  Waldeyer  has  shown, 
however,  that  throughout  the  whole  of  life  it  not  only  retains  something  of  [its 
old  form,  but  also  that  the  degeneration  is  never  complete.  Preserved  within  its 
substance  (either  uniformly  diffused  through  it  or  in  distinct  masses)]  there  may 
always  be  found  remains  of  the  original  thyinus-tissue. 

Blood-vessels  and  Nerves. — The  arteries  Inch  carry  blood  to  tlie  thymus  come  from  the 
inferior  thyroid,  tlie  internal  mammary,  and  perhaps  also  from  other  sonrces.  The  veins  join 
the  neighljoimng  venous  trnnks — viz.  the  inferior  thyroid,  the  internal  mammary,  and  the  t^vo 
innominate  veins. 

Tlie  nerves  to  the  thymns  are  derived  from  the  vagns  and  sympathetic  trunks. 
The  lymphatic  vessels  are  of  large  size,  and  accompany  the  blood-vessels. 


Fig.  790.- 


-Thymus  Gland  in  a  Full-time  Fcetus  hakdened  by 
foemalin-injection. 


Structure  of  the  Thymus. — The  thymus  is  composed  of  a  large  number  of  small 
polyhedral  lobules.  The  sheath  which  envelops  the  organ  sends  off  from  its  deep  surface 
fine  partitions  or  septa  which  pass  into  the  gland  and  separate  the  different  lobules  from 
each  other. 

Each  lobule  is  composed  of  clusters  of  lymphoid  follicles,  with  a  small  amount  of 
delicate  connective  tissue  intervening  between  them.  A  follicle  consists  of  an  outer 
cortical  and  an  inner  or  central  medullary  portion.    Both  are  formed  of  adenoid  tissue. 
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but  in  the  cortex  the  lymplioid  cells  are  packed  much  moi'e  closely,  whilst  iu  the  medulla 
the  retiform  matrix  is  coarser  and  the  lymphoid  cells  less  numerous.    Further,  the  medulla 

contains  the  concentric  corpuscles  of  Hassall. 
These  are  curious  bodies,  composed  of  flattened 
epithelial  cells  arranged  concentrically  around 
a  granular  nucleated  corpuscle.  A  special 
developmental  interest  is  attached  to  these 
concentric  corpuscles. 

The  blood-vessels  form  a  fine  plexus  around 
the  various  follicles,  and  from  this  capillaries 
penetrate  into  the  central  medulla. 

Development  of  the  Thymus  Body. — 

The  thymus  gland  is  derived  from  the  hyjjo- 
blastic  lining  of  the  pharynx.  It  takes  origin 
as  a  tubular  diverticulum  from  the  dorsal 
part  of  the  pharyngeal  aspect  of  the  third 
visceral  cleft  on  each  side  (see  p.  34).  This 
diverticulum  has  thick  epithelial  walls,  and  it 
grows  by  rapid  proliferation  of  its  cells.  It  extends  downwards  on  the  side  of  the  trachea 
towards  the  pericardium,  and  coming  into  contact  with  the  corresponding  hypoblastic 
evagination  of  the  opposite  side,  the  two  lobes  of  the  organ  are  formed — one  from  each 
lateral  diverticulum.  The  narrow  upper  part  of  the  outgrowth  remains  for  a  time 
tubular,  and  connected  with  the  pharyngeal  cleft  from  which  it  originates.  Ultimately 
this  connexion  is  broken  through,  and  the  expanded  lower  end  sends  out  solid  bud-like 
branches  after  the  "manner  of  an  acinous  gland. 

Originally,  therefore,  the  thymus  gland  is  epithelial  in  its  structure.  Soon,  how- 
ever, it  becomes  invaded  by  connective  tissue  and  quantities  of  adenoid  tissue,  so  that 
ultimately  it  is  transformed  into  the  lymphoid  organ .  characteristic  of  the  child. 
The  remains  of  the  original  epithelial  constituents  are  to  be  seen  in  the  concentric 
corpuscles  of  Hassall. 

THE  CAROTID  AND  COCCYGEAL  BODIES. 

The  carotid  gland  is  a  minute  oval  reddish-brown  body  placed  on  the  deep 
aspect  of  the  common  carotid  artery  at  the  point  where  it  bifurcates  into  its  two 
terminal  branches.  It  is  closely  connected  with  the  sympathetic  nerve  filaments 
which  twine  around  the  carotid  vessels,  and  numerous  minute  arterial  twigs 
enter  it.  In  structure  the  carotid  l)ody  is  composed  of  nodular  masses  of  poly- 
hedral epithelial-like  cells,  separated  from  each  other  by  strands  of  connective 
tissue.  Wide  thin-walled  tortuous  capillaries  are  brought  into  intimate  relation 
with  the  cells. 

The  coccygeal  gland  is  a  small  Ijody  placed  in  front  of  the  tip  of  the  coccyx. 
Branches  from  the  middle  sacral  artery  enter  it.  Its  structure  is  very  similar  to 
that  of  the  carotid  body. 


Pericanlial  surface 


Fi(!.  7ftl. —  Deep  Surface  of  Thymus  Gland, 

TAKEN  FROM  A  FcETUS  HARDENED  BY  FOR- 
.MAMN-INJECTION. 


SURFACE  AND  SURGICAL  ANATOMY. 


By  Harold  J.  Stiles. 

THE  HEAD  AND  NECK. 
THE  CRANIUM. 

Scalp. — The  tirst  aud  third  layers  of  the  scalp,  namely,  the  skin  and  the 
occipito-frontalis  muscle,  are  firmly  united  by  fibrous  processes  which  pass  from  the 
one  to  the  other  through  the  second  or  dense  subcutaneous  fatty  layer.  Inter- 
vening between  these  three  layers  and  the  pericranium  is  a  loose  cellular  layer 
which  supports  the  small  vessels  passing  between  the  scalp  proper  and  pericranium. 
The  thin  pericranium,  although  regarded  anatomically  as  periosteum,  possesses  very 
limited  bone-forming  properties ;  over  the  vertex  it  is  readily  separated  from  the 
skull-cap,  except  along  the  lines  of  the  sutures,  where  it  gives  off  intersutural 
processes  to  join  the  endosteal  layer  of  the  dura. 

The  free  blood-supply  of  the  scalp  is  for  the  purpose  of  nourishing  its  abundant 
hair  follicles  and  glands.  The  main  vessels  lie  in  the  dense  subcutaneous  tissue, 
and  are  superficial,  therefore,  to  the  occipito-frontalis.  The  arteries  supplying  the 
frontal  region  are  derived  from  the  internal  carotid,  while  those  for  the  remainder 
of  the  scalp  spring  from  the  external  carotid.  These  two  sets  of  vessels  anasto- 
mose freely  with  one  another,  and  freely  also  across  the  mesial  plane ;  hence  the 
failure  of  ligature  of  the  external  carotid  to  cure  cirsoid  aneurysm  of  the  temporal 
artery. 

Wounds  of  the  scalp  l.>leecl  freely,  aud  tlie  vessels  are  difficult  to  ligature  on  account  of  the 
adhesion  ol'  their  •walls  within  the  septa  of  the  dense  subcutaneous  tissue.  In  extensive  flajj  wounds 
and  in  cliifuse  suppuration  beneath  the  occipito-frontalis  there  is  little  danger  of  sloughing  of  the 
scalp.  Abscesses  and  hsemorrhages  superficial  to  tlie  occipito-frontalis  are  usually  limited  on 
account  of  the  density  of  the  sul)Cutaneous  tissue.  Hrenrorrhage  Ijeneath  the  occipito-frontalis  is 
seldom  extensive  on  account  of  the  small  size  of  the  vessels,  but  suppuration  in  this  situation 
may  rapidly  undermine  the  whole  muscle  ;  incisions  to  evacuate  the  pus  should  he  made  early, 
and  parallel  to  the  main  vessels  of  the  scalp.  Extravasation  of  blood  beneath  the  pericranium 
leads  to  a  hematoma  which  is  limited  by  the  sutures. 

The  veins  of  the  scalp  communicate  with  the  intra-cranial  venous  sinuses — 
(1)  directly  through  their  anastomoses  with  the  large  emissary  veins,  namely,  the 
parietal,  which  opens  into  the  superior  longitudinal  sinus,  and  the  mastoid  and 
posterior  condyloid,  which  open  into  the  lateral  sinus ;  (2)  through  the  anastomoses 
of  the  frontal  and  supra-orbital  veins  with  the  ophthalmic  vein,  which  opens  into 
the  cavernous  sinus ;  (3)  through  the  veins  of  the  diploe,  which  connect  the  veins 
of  the  scalp  and  the  pericranium  on  the  one  hand  with  those  of  the  dura  mater 
and  the  venous  sinuses  on  the  other ;  (4)  through  small  veins  which  pass  from  the 
pericranium  through  the  bones  and  the  intersutural  memliranes  to  the  dura. 
It  is  along  these  various  channels  that  pyogenic  infection  may  extend,  from  the 
scalp  and  pericranium,  through  the  l:)one  to  the  dura  mater  and  venous  sintises, 
and  from  the  latter  to  the  cerebral  veins,  the  pia-arachnoid,  and  the  substance  of 
the  brain.  More  rarely  the  infection  spreads  from  the  cranial  cavity  along  the 
emissary  veins  to  the  scalp. 
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The  lymphatics  of  the  anterior  part  of  the  scalp  join  the  facial  lymphatics  ;  those 
of  the  temporal  and  parietal  regions  open  into  the  pre-auricular  and  parotid 
lymphatic  glands,  situated  in  front  of  and  below  the  ear,  and  into  the  post-auricular 
or  mastoid  glands,  situated  upon  the  insertion  of  the  sterno-mastoid  muscle.  The 
lymphatics  of  the  occipital  region  open  into  the  occipital  glands,  which  lie  close  to 
the  occi})ital  artery  where  it  l)ecomes  superficial  in  the  scalp. 

Bony  Landmarks  of  the  Cranium. — At  the  root  of  the  nose  is  the  fronto- 
nasal suture  (nasion) :  a  little  above  it  is  the  glabella,  a  slight  prominence  which 
connects  the  superciliary  ridges.  About  1  in.  Ijelow  the  posterior  pole  of  the 
cranium,  and  2  in.  above  the  spine  of  the  axis,  is  the  external  occipital  pro- 
tuberance (inion).  In  the  child  the  protuberance  is  not  developed ;  its  position 
may  be  defined  by  taking  a  point  at  the  junction  of  the  upper  and  middle 
thirds  of  a  line  extending  from  the  posterior  pole  of  the  skull  to  the  spine  of 
the  axis.  About  a  third  of  the  distance  from  the  nasion  to  the  inion  is  the 
bregma  or  junction  of  the'  coronal  and  sagittal  sutures ;  with  the  head  in  the 
natural  erect  posture  the  bregma  corresponds  to  the  middle  of  a  line  carried  across 
the  vertex  between  the  pre-auricular  points  of  the  zygomatic  arches. 

At  birth  the  position  of  the  bregma  is  occupied  by  the  anterior  fontanelle, 
a  rhomboidal  membranous  area  which  generally  becomes  ossified  at  about  the 
eighteenth  month.  The  size  and  date  of  closure  of  the  fontanelle,  as  well  as  its 
tension  and  pulsation,  are  all  points  to  be  carefully  noted  in  the  clinical  examina- 
tion of  children. 

The  lambda,  or  junction  of  the  sagittal  and  lambdoidal  sutures,  situated 
2^  in.  above  the  inion,  can  generally  be  felt  through  the  scalp ;  a  line  drawn 
from  it  to  the  posterior  border  of  the  root  of  the  mastoid  process  corresponds 
to  the  lambdoidal  suture.  In  the  adult  the  p'^rieto-occiintal  fissure  of  the  brajn 
lies  opposite,  or  a  few  millimetres  in  front,  of  the  lambda ;  in  the  child,  however, 
the  fissure  may  be  as  much  as  1  in.  in  front  of  it. 

Crossing  the  supra-orbital  margin  close  to  its  inner  angle,  a  finger's-breadth  from 
the  middle  line,  are  the  supra-trochlear  nerve  and  the  frontal  branch  of  the  ophthalmic 
artery ;  the-  latter  nourishes  the  flap  in  the  operation  of  rhinoplasty.  At  the 
junction  of  the  inner  and  middle  thirds  of  the  supra-orbital  margin,  1  in.  from 
the  middle  line,  is  the  supra-orbital  notch  or  foramen,  the  gidde  to  the  supra- 
orbital vessels  and  nerves.  A  little  above  the  level  of  the  outer  canthus  of  the  eye- 
lid is  the  fronto-malar  suture,  immediately  above  which  is  the  external  angular  pro- 
cess of  the  frontal  l)one.  At  the  posterior  end  of  the  suture  the  temporal  branch  of 
the  orbital  nerve  pierces  the  temporal  fascia  to  reach  the  scalp.  Half-an-inch  aljove 
the  suture  is  the  lower  margin  of  the  cerebral  hemisphere  ;  while  half-an-inch  below 
the  suture  is  a  small  tubercle  on  the  posterior  border  of  the  malar  bone ;  a  line 
drawn  from  this  tubercle  to  the  lambda  gives  the  line  of  the  parallel  fissure  and  of 
the  descending  cornu  of  the  lateral  ventricle. 

The  zygomatic  arch,  an  important  landmark,  is  horizontal  when  the  head  is  in 
the  natural  position,  and  is  on  the  same  level  as  the  lower  margin  of  the  orbit  and 
the  inion  ;  its  upper  border  is  at,  or  not  infrequently  a  little  above,  the  level  of  the 
lower  lateral  margin  of  the  hemisphere.  The  upper  border  of  the  zygoma  may  be 
traced  backwards  immediately  above  the  tragus  and  the  external  auditory  meatus 
to  become  continuous  with  the  ridge  formed  by  the  supra-mastoid  portion  of  the 
temporal  crest.  The  part  of  the  postei'ior  root  of  the  zygoma  which  lies  immedi- 
ately in  front  of  the  upper  end  of  the  tragus  constitutes  a  valuable  landmark 
which  may  with  advantage  be  termed  the  pre-auricular  point  of  the  zygoma,  while 
l)y  the  term  post-auricular  point  is  understood  that  point  upon  the  supra-mastoid 
crest  which  lies  immediately  Ijehind,  and  a  finger 's-l)readth  below,  the  upper  attach- 
ment of  the  auricle.  The  temporal  vessels  and  the  auriculo-temporal  nerve  cross  the 
zygoma  at  the  pre-auricular  point,  and  it  is  here  that  the  pulsations  of  the  tem- 
poral artery  may  be  felt  during  the  administration  of  an  antesthetic,  or  the  vessel 
compressed  for  the  purpose  of  checking  bleeding  from  the  teriiporal  region  of  the 
scalp.  The  termination  of  the  auriculo-temporal  nerve  in  the  neighbourhood 
of  the  parietal  eminence  is  often  the  seat  of  a  neuralgic  pain  in  irritative  con- 
ditions about  the  external  auditory  meatus,  the  latter  being  supplied  by  this  nerve. 
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Two  inches  vertically  above  the  pre-auricular  point  is  the  lower  end  of  the 
fissure  of  Rolando.  Two  fingers'-breadth  (1^^  in.)  vertically  above  the  middle  of  the 
zygomatic  arch  is  the  pterion  (spheno-parietal  suture),  a  point  which  cannot  be  felt, 
but  which  is  nevertheless  of  topographical  importance,  as  it  overlies  the  Sylvian 
point  (the  point  where  the  Sylvian  fissure  breaks  up  into  its  three  branches)  and 
the  anterior  branch  of  the  middle  meningeal  artery.  A  point  three  iingers'-l-^readth 
vertically  above  the  middle  of  the  zygomatic  arch,  on  the  left  side,  will  mark  the 
position  of  tlie  centre  of  Broca's  convolution  (posterior  extremity  of  the  left  inferior 
frontal  convolution). 

The  frontal  eminence  (better  marked  in  the  child)  overlies  the  middle  frontal 
convolution.  The  parietal  eminence,  which  varies  consideral^ly  in  the  definiteness 
with  whiclr  it  can  be  recognised,  overlies  the  termination  of  the  posterior  hori- 
zontal limb  of  tlie  fissure  of  Sylvius,  and  therefore  also  the  supra-marginal  convolution, 
which  is  named  l)y  Turner  the  convolution  of  th,e  parietal  eminence.  The  part  of 
the  temporal  crest  which  intervenes  between  the  external  angular  process  and  the 
coronal  suture  lies  a  little  above  the  level  of  the  inferior  frontal  sulcus.  The 
highest  part  of  the  temporal  crest  crosses  the  Eolandic  area  at  the  junction  of  its 
middle  and  lower  thirds,  that  is  to  say,  at  the  junction  of  the  motor  areas  for  the 
arm  and  face.  In  the  child,  the  temporal  muscle,  which  is  relatively  much  smaller 
than  in  the  adult,  reaches  only  a  short  distance  above  the  squamous  suture,  and, 
therefore,  only  as  far  as  the  level  of  the  lower  end  of  the  fissure  of  Eolando. 

The  thickness  of  the  skull-cap  varies  at  different  parts  and  in  different  individuals.  The 
inner  table  is  only  half  the  thickness  of  the  outer  table,  but  both  possess  the  same  degree  of  elas- 
ticity. When  the  vault  is  fractured  from  direct  violence,  the  inner  table  is  more  extensively 
fissured  than  the  outer  table  because  the  elements  of  the  latter  are  compressed,  while  those  of  the 
former  are  stretched  apart.  The  weak  areas  at  the  base  of  the  skull  through  which  fractures  are 
liable  to  extend  are :  in  the  anterior  cranial  fossa,  the  orljital  plates  of  the  frontal  bone  and  the 
cribriform  plate  of  the  ethmoid  ;  in  the  middle  cranial  fossa,  the  region  of  the  glenoid  fossa  of 
the  temporal  bone,  and  of  the  foramen  ovale  of  the  sphenoid  ;  in  the  posterior  fossa,  the  cerebellar 
fossaj  of  the  occipital  bone.  The  strong  petrous  temporal  is  weakened  by  the  tympanic  cavitj- 
and  liy  the  deej)  jugular  fossa. 

Cranio -Cerebral  Topography. — Of  the  many  methods  wliich  •  have  been 
devised  for  mapping  out  the  relations  of  the  cranial  contents  to  the  scalp,  that 
introduced  by  Professor  Chiene  is,  probably,  the  most  useful  from  a  clinical 
point  of  view ;  no  figures  or  angles  have  to  be  remembered,  and  the  primary 
surface  lines  are  drawn  from  bony  points  which  are  not  variable,  whilst  the 
secondary  lines  are  drawn,  for  the  most  part,  between  mid-points  of  the  primary 
lines.    The  method  is  as  follows  (Figs.  792  and  793) : — 

"  The  head  being  shaved,  find  in  the  mesial  line  of  the  skull  between  the 
glabella  (G)  and  the  external  occipital  protuberance  (0)  the  following  points : — 

"  First,  the  mid-point  (M) ;  second,  the  three-quarter  point  (T) ;  third,  the  ser en- 
eighth  point  (S). 

"  Find  also  the  external  angular  process  (E),  and  the  root  of  the  zygoma,  (pre- 
auricular point)  (P),  immediately  above  and  in  front  of  the  external  auditory 
meatus.  Having  found  these  five  points,  join  EP,  PS,  and  ET.  Bisect  EP  and 
PS  at  N  and  E.  Join  MN  and  ME.  Bisect  also  AB  at  C,  and  draw  CD  parallel 
to  AM." 

The  line  MA  corresponds  to  the  superior  and  inferior  precentral  sulci,  and  may 
therefore  be  termed  the  fre-centrcd  line.  The  origins  of  the  superior  and  inferior 
frontal  sulci  may  be  indicated  by  trisecting  MA  at  the  points  K  and  L,  the  latter 
point  being  at  the  level  of  the  temporal  crest. 

The  line  ET,  termed  the  oblique  or  Sylvian  line,  intersects  the  pre-central  line  at 
the  point  A,  which  corresponds  to  the  Sylvian  point  of  the  fissure  of  Sylvius  and 
to  the  anterior  division  of  the  middle  meningeal  artery.  AC  overlies  the  posterior 
horizontal  limb  of  the  fissure  of  Sylvius,  whicli  terminates  at  the  level  of  the 
temporal  crest,  in  the  lower  part  of  the  triangle  HCB.  This  triangle  contains 
the  parietal  eminence,  and  may,  therefore,  be  termed  the  supra-margined  triangle. 
The  termination  of  the  Sylvian  line,  at  the  three-quarter  sagittal  point  T,  overlies 
the  parieto-occipital  fissure. 

By  joining  TE,  EO,  a  triangle  is  mapped  out  which  delimits  the  outer  surface 
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of  the  occipital  lobe  ;  the  line  TR  corresponds  to  the  lambdoidal  suture,  while  EO 
corresj^tonds  to,  (ir  lies  a  little  ahove,  the  tentorium  and  the  np])er  l)order  of  the 
lateral  sinus. 

CD,  the  post-central  line,  c(»rres])onds  to  the  superior  postcentral  sulcus,  and  lies  a 
little  behind  the  inferior  postcentral  sulcus. 

The  parallelogram  AMDC  overlies  the  Rolandic  area,  i.e.  the  ascending  frontal 
and  the  ascending  parietal  conA'olutions,  se])arated  by  the  fissure  of  Rolando. 

The  ])entagon  .VBRPN  maps  out  the  temporal  lobe,  with  the  exception  of  its 


FlC.  792. — CnANIO-CEREBIi,\L  TopncKAPHY. 

Shows  relations  nf  the  motor  ami  sensory  areas  to  the  convolutions,  anil  to  C'hiene's  lines. 


G. 
O. 
M. 

T. 
S. 
E. 
P. 
N. 
R. 


Glabella. 
Inion. 

Mid-point  between  G  and  O. 

Mid-point  between  M  and  O. 

Mid-point  between  T  and  0. 

E.\ternal  angular  process. 

Root  of  zygoma  (pre-auricular  point). 

Mid-point  of  EP. 

Mid-point  of  PS. 


C.      Mid-]ioint  of  AB. 

CD    is  drawn  parallel  to  AM. 

Z.      Post-auricular  point. 

VW.  Guide  to  anterior  limit  of  lateral  sinus. 

Y.      Mastoid  antrum. 

■ Site  at  which  subarachnoid  space  ma.j  be  opened. 
Site  for  draining  lateral  ventricle  (Kocher). 
Site  for  draining  lateral  ventricle  (Keen). 


apex,  which  is  directed  downwards,  forwards,  and  inwards,  a  finger's-breadth  in 
front  of  the  point  N. 

A  finger's-breadth  l)elow  AB  is  the  parallel  sulcus,  the  posterior  extremity  of 
which  turns  upwards  tn  terminate  at  R,  the  point  which  indicates,  therefore,  the 
position  of  the  angular  gyrus. 

The  fissure  of  Rolando  may  be  mapped  out  upon  the  scalp  by  drawing  a  line 
downwards  and  hjrwards  for  a  distance  of  3f  in.  from  a  point  half-an-inch  behind 
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the  mid-sagittal  point  M  at  an  angle  of  67°  to  the  sagittal  line  (Hare).  This 
angle  may  readily  be  found  by  Chiene's  plan  of  folding  a  sheet  of  paper  first  to 
half  a  right  angle  and  again  to  a  quarter  of  a  right  angle  (45°  +  22-5°  =  67'5'"). 
According  to  Cunningham,  the  average  angle  which  the  fissure  makes  with  the 
sagittal  line  is  70°. 

The  lateral  ventricle  may  be  tapped  or  drained  at  the  commencement  of  the 
descending  cornu,  through  the  posterior  half  of  the  first  temporal  convolution,  by 


Fig.  793. — Cranio-Cerebral  Topography. 
Guiding  lines  (Cliiene's),  blue  ;  sutures,  green  ;  meningeal  arteries,  red  ;  sulci,  black. 


G.  Glabella. 

O.  Iniou. 

M.  Mid-point  between  G  and  0. 

T.  Mid-poiut  between  M  and  0. 

S.  Mid-point  between  T  and  0. 

E.  External  angular  process. 

P.  Root  of  zygoma  (pre-aurioular  poiut). 

Mid-point  of  EP. 

R.  Mid-point  of  PS. 


C.      Mid-point  of  AB. 

MA    is  divided  into  thirds  at  K  and  L. 

CD     is  drawn  parallel  to  AM. 

Z.      Post-auricular  point. 

VW.  Guide  to  anterior  limit  of  lateral  sinus. 

Y.      Mastoid  antrum. 

Site  at  which  subarachnoid  space  may  be  opened. 

Site  for  draining  lateral  ventricle  (Koclier). 

Site  for  draining  lateral  ventricle  (Keen). 


penetrating  only  1  cm.  of  brain  tissue.  For  this  purpoae  the  centre  of  the  trephine 
should  be  placed  a  finger's-breadth  below  tlie  middle  of  CB.  Or,  secondly,  the 
ventricle  may  be  reached  from  above,  by  traversing  brain  tissue  for  a  depth 
of  4  to  5  cm.  through  the  superior  frontal  sulcus,  1;^  in.  (two  fingers'-breadth) 
in  front  of  the  point  K,  the  instrument  being  dii'ected  downwards  and  backwards 
(Kocher). 
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Keen  drains  the  ventricles  througli  an  opening  1^  in.  behind  the  external 
auditory  meatus  and  the  same  distance  above  Reid's  base  line  (a  line  drawn 
backwards  from  the  lower  margin  of  the  orbit  through  the  centre  of  the  external 
auditory  meatus),  the  instrument  being  passed  into  the  brain  towards  the  summit 
of  the  opposite  auricle.  If  the  ventricle  be  not  distended  it  will  be  reached  at  a 
depth  of  two  inches  fn  im  the  surface. 

To  open  the  subarachnoid  space,  the  pin  of  a  small  trephine  is  placed  over  the 
mid-point  of  the  line  EA ;  the  subarachnoid  is  incised  as  it  crosses  the  stem  of  the 
fissure  of  Sylvius  from  the  frontal  lobe  to  the  anterior  extremity  of  the  temporal 
lobe.    Care  must  l.)e  taken  to  keep  in  front  of  the  middle  meningeal  artery. 

The  cisterna  magna,  situated  between  the  back  part  of  the  under  surface  of  the 
cerebellum  and  the  medulla  oblongata,  may  be  reached  by  turning  down  a  Hap 
of  soft  parts,  and  removing  a  circle  of  bone  a  little  alcove  the  foramen  magnum, 
and  immediately  to  one  side  of  the  middle  line  so  as  to  avoid  the  occipital  sinus. 
The  fourth  ventricle  may  ■  be  opened  up  by  making  a  somewhat  larger  trephine 
opening  in  the  mesial  plane  and  separating  the  posterior  extremities  of  the 
tonsillar  lobes  of  the  cerebellum. 

To  expose  the  lateral  hemisphere  of  the  cerebellum,  trephine  over  the  centre  of 
a  line  drawn  from  the  tip  of  the  mastoid  process  to  the  external  occipital  pro- 
tul)erance.  The  occipital  artery  and  the  mastoid  emissary  vein  will  be  divided 
in  turning  down  the  flap. 

Meningeal  Arteries. — When  the  calvarium  is  removed  the  meningeal  arteries 
are  found  to  adhere  firmly  to  the  dura.  Of  these  vessels  the  middle  meningeal 
artery  is  the  only  one  of  surgical  importance.  It  is  frequently  lacerated  in 
fractures  of  the  skull ;  the  blood  is  generally  extravasated  between  the  dura  and 
the  bone,  and  the  bleeding  point  lies  beneath  the  clot.  After  entering  the  cranial 
cavity  through  the  foramen  spinosum,  the  main  trunk,  which  is  usually  about 
1|  in.  in  length,  runs  outward  and  slightly  forwards  to  bifurcate  into  anterior  and 
posterior  divisions  at  a  point  a  finger's-breadth  above  the  middle  of  the  zygomatic 
arch,  viz.  at  or  close  behind  the  point  N.  When  the  main  trunk  is  short  the 
bifurcation  is  situated  lower  down  and  farther  liack. 

The  anterior  and  larger  division  passes  upwards,  with  a  slight  forward  con- 
vexity, a  little  behind  the  spheno- squamous  suture  and  across  the  pterion  to 
the  anterior  inferior  angle  of  the  parietal  bone.  From  this  point  the  vessel  is 
continued  upwards  and  slightly  backwards  behind  the  coronal  suture ;  it  gives 
off  branches  which  ascend  over  the  motor  area.  The  position  and  general 
direction  of  the  anterior  branch  may  be  readily  mapped  out  on  the  surface,  as 
it  corresponds  to  the  lower  two -thirds  of  the  precentral  line  MN ;  it  follows, 
therefore,  that  the  artery  will  l)e  encoimtered  in  trephining  over  the  lower  and 
anterior  part  of  the  Eolandic  area,  especially  over  the  motor  centres  for  the  tongue 
and  face. 

The  posterior  division  passes  almost  horizontally  backwards  towards  the 
posterior  inferior  angle  of  the  parietal  bone. 

To  expose  the  trtmk  of  the  vessel  and  its  Infurcation,  the  trephine  is  applied 
immediately  above  the  middle  of  the  zygomatic  arch.  To  expose  the  anterior 
division  the  pin  of  the  trephine  may  be  applied  at  the  point  A,  which  strikes  the 
artery  as  it  crosses  the  pterion  and  grooves  the  anterior  inferior  angle  of  the  parietal 
bone.  The  lower  segment  of  the  disc  of  bone  removed  is  much  thicker  than  the  upper, 
as  it  involves  the  prominent  ridge  which  passes  from  the  tip  of  the  great  wing  of  the 
sphenoid  on  to  the  anterior  inferior  angle  of  the  parietal  bone.  At  the  anterior 
inferior  angle  of  the  parietal  bone,  the  artery  frequently  runs  in  a  canal  for  a 
distance  of  half  an  inch.  It  follows,  therefore,  that  a  considerable  thickness  of 
bone  has  to  be  sawn  through  at  the  lower  segment  of  the  circle  before  the  disc  can 
be  removed,  and  during  the  removal  bleeding  may  occur  from  the  artery  as  it  lies 
in  the  canal. 

Vogt  localises  the  anterior  division  at  a  point  a  thuml)'s-breadth  behind  the 
tubercle  on  the  posterior  border  of  the  malar  bone  antl  two  fingers'-breadth  above 
the  zygoma.  Kronlein  trephines  at  a  point  IJ  in.  behind  the  external  angular 
process,  on  a  line  drawn  from  the  supra-orbital  margin  backwards  parallel  to 
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Eeid's  base  line.  If  the  centre  of  the  trephme  be  placed  at  the  mid-point  of  the 
line  LA  the  anterior  division  will  be  reached  above  the  canal  and  the  ridge  at  the 
anterior  inferior  angle  of  the  parietal ;  should  the  bleeding-point  l)e  lower  down 
the  trephine  opening  may  be  enlarged  downwards  along  the  line  MA. 

The  course  of  the  posterior  division  may  be  indicated  upon  the  surface  by  draw- 
ing a  line  backwards  from  the  point  M  parallel  to  PK,  that  is  to  say,  a  finger's- 
breadth  above  the  zygoma  and  the  supra-mastoid  crest. 

When  the  frontal  branch  of  the  anterior  division  is  injured,  the  clot  is  in  the  fronto-temporal 
region,  and  involves  more  especially  the  motor  area  for  the  face,  and,  on  the  left  side,  Broca's  con- 
volution ;  when  tlie  anterior  division  is  wounded,  tlie  clot,  which  is  larger,  involves  the  parieto- 
temporal region,  and  the  motor  symptoms  are  due  to  pressure  upon  the  centres  for  the  arm  and 
face  ;  in  injuries  to  the  posterior  division  the  clot  overlies  the  parieto-occipital  region,  and  the 
localising  sym^jtoms  are  sensory  (Kn.inlein).  In  more  extensive  meningeal  hajmorrhage  the  clot 
may  cover  the  greater  part  of  the  liemisphere. 

The  superior  longitudinal  sinus,  which  enlarges  as  it  extends  backwards,  occupies 
the  mesial  plane  of  the  vertex  from  the  glabella  to  the  internal  occipital  pro- 
tuberance, where  it  opens  into  the  torcular  Herophili,  and  becomes  continuous 
usually  with  the  right  lateral  sinus.  Opening  into  the  sinus,  especially  in  the 
posterior  part  of  the  parietal  region,  are  the  para-sinoidal  sinuses,  into  which 
Pacchionian  glands  project.  In  opening  the  skull  over  the  posterior  part  of  the 
vertex,  the  edge  of  the  trephine  should  be  kept  at  least  three-quarters  of  an  inch 
from  the  mesial  plane. 

The  lateral  sinus  may  be  mapped  out  on  the  surface  by  drawing  a  line,  slightly 
convex  upwards,  from  a  point  a  little  above  the  level  of  the  external  occipital  pro- 
tuberance to  the  posterior  inferior  angle  of  the  parietal  bone,  at,  or  a  little  in  front 
of,  the  point  R,  which  forms  the  highest  part  of  the  arch  of  the  sinus ;  from  this 
point  the  upper  border  of  the  sinus  follows  the  line  PE  for  a  distance  of  one  inch, 
and  then  curves  downwards  and  forwards  to  a  point  f  in.  below  and  behind  the 
centre  of  the  external  auditory  meatus,  where  it  finally  curves  inwards  and 
forwards  to  open  into  the  jugular  bulb,  which  occupies  the  jugular  foramen.  The 
anterior  harder  of  the  descending  or  mastoid  p^ortion  of  the  sinus  may  be  mapped 
out  by  drawing  a  line  VW  from  a  point  a  finger's-breadtli  behind  the  post- 
auricular  point  of  the  temporal  crest  to  the  anterior  border  of  the  tip  of  the 
mastoid  process.  In  wounds  of  the  sinus  the  hiemorrhage  is  very  free,  owing  to 
the  inability  of  its  walls  to  collapse,  but  the  bleeding  is  easily  controlled  by 
plugging. 

Of  the  cerebral  arteries,  the  middle  supplies  almost  the  whole  of  the  motor  area, 
and  one  of  its  lenticulo-striate  branches,  which  enters  the  brain  at  the  anterior 
perforated  space,  is  called  "  the  artery  of  cerebral  haemorrhage  "  from  the  frequency 
of  its  rupture  in  apoplexy.  The  extravasated  blood  involves  the  motor  part  of  the 
internal  capsule.  The  postero-mesial  central  branches  of  the  posterior  cerebral 
artery,  which  enter  the  brain  at  the  posterior  perforated  spot,  supply  the  optic 
thalamus  and  walls  of  the  third  ventricle ;  haemorrhage  from  one  of  these 
branches  is  apt  to  rupture  into  the  ventricle.  The  postero-lateral  central  branches 
of  the  posterior  cerebral  artery  supply  the  optic  thalamus,  and  when  one  of  these 
vessels  ruptures  the  hsemorrhage  is  apt  to  invade  the  posterior  or  sensory  part  of 
the  internal  capsule. 

Ear. — The  skin  covering  the  outer  surface  of  the  auricle  is  tightly  ])Ound 
down  to  the  perichondrium,  hence  inflammations  of  it  are  attended  with  little 
swelling  but  much  pain.  The  posterior  auricular  artery,  which  ascends  along  the 
groove  at  the  posterior  attachment  of  the  auricle,  is  immediately  anterior  to  the 
incision  for  opening  the  mastoid  antrum. 

The  external  auditory  canal,  the  general  direction  of  which  is  downwards,  for- 
wards, and  inwards,  possesses  various  curves  of  practical  importance.  The  highest 
part  of  the  upward  convexity,  which  is  also  the  narrowest  part  of  the  canal,  is 
situated  at  the  centre  of  its  osseous  portion  ;  beyond  this  the  floor  sinks  to  form  a 
recess  in  which  foreign  bodies  are  liable  to  be  imprisoned.  Of  the  two  horizontal 
curves  the  outer  is  convex  forwards,  the  inner  concave  forwards.  The  skin  of  the 
osseous  portion  of  the  canal  is  thin  and  fused'with  the  periosteum,  hence  when 
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chronically  inflamed  it  is  liable  to  give  rise  to  secondary  periostitis  and  osseous 
narrowing  of  the  canal. 

The  relations  of  the  osseous  walls  of  the  canal  are  of  importance  to  the  surgeon. 
The  whole  of  the  upper  wall  and  the  upper  half  of  the  posterior  wall,  developed 
from  the  squamous  portion  of  the  temporal  bone,  consist  of  two  layers  of 
compact  bone,  an  upper  and  a  lower,  which  are  continuous,  the  former  with  the 
inner  table,  the  latter  with  the  outer  table  of  the  skull.  The  upper  plate  passes 
inwards  to  the  petro-squamous  suture,  where  it  becomes  continuous  with  the  outer 
edge  of  tlie  tegmen  tympani,  which  roofs  over  the  tympanic  attic  and  the  mastoid 
antrum ;  the  lower  plate  bends  downwards  and  inwards  at  its  deepest  part  to  form 
the  lower  and  outer  wall  of  the  tympanic  attic  and  the  anterior  part  of  the  outer 
wall  of  the  antrum  (Trautmann).  It  follows,  therefore,  that  when  the  mastoid 
antrum  is  abnormally  small,  due  to  sclerosis  of  the  bone,  or  when  it  is  encroached 
upon  by  a  far-forward  lateral  sinus,  it,  along  with  the  tympanic  attic,  can 
be  opened  by  perforating  the  junction  of  the  upper  and  posterior  walls  of  the 
osseous  canal,  the  instrument  being  directed  inwards  and  slightly  upwards.  Upon 
the  upper  and  posterior  segment  of  the  external  auditory  process  is  the  supra- 
meatal  spine ;  this  small  but  important  })rocess,  developed  from  the  squamous 

Roof  of  iiiastoiil  autruin  Posterior  branch  of  middle  meningeal  artery 

Po.sterior  part  of  middle  fnssa  of  skull  i  ]  Anterior  branch  of  niid(ile  meningeal  artery 


Membrana  tympani  |        Chorda  tympani  nerve 

Head  of  malleus 

Fki.  794. — View  of  the  Odter  Wall  of  the  Middle  Eau. 

Section  tlirough  the  left  temporal  l)one  of  a  child,  to  show  the  relations  of  the  middle  ear  and  mastoid  antrum 
to  the  nnddle  and  posterior  foss£e  of  the  skull. 

portion,  can  usually  be  distinctly  made  out  in  the  living  subject  by  pressing 
upwards  and  liackwards  with  the  forefinger  placed  in  the  external  auditory  meatus. 

The  lower  half  of  the  posterior  wall  of  the  osseous  canal  (posterior  part  of  the 
tympanic  plate)  is  fused  with  the  anterior  part  of  the  mastoid  procesS;  and  closes 
tlie  lower  and  anterior  set  of  mastoid  cells  (border  cells). 

Anteriorly  and  interiorly  the  osseous  canal  is  related  respectively  to  the 
temporo-maxillary  articulation  and  the  parotid  gland ;  hence  it  follows  that  blows 
upon  the  chin  may  fracture  the  tympanic  plate  as  well  as  the  base  of  the  skull, 
that  pain  on  mastication  is  usually  complained  of  in  acute  inflammatory  affections 
of  the  meatus  and  middle  ear,  and  that  in  young  children,  in  whom  the  tympanic 
plate  is  incompletely  ossified,  suppurative  inflammation  is  liable  to  extend  from  the 
ear  to  the  parotid  region. 

Chnically,  to  obtain  a  view  of  the  membrana  tympani  a  specuUuii  and  a  reflecting 
mirror  are  employed  :  tlie  auricle  is  pulled  upwards,  backwards,  and  outwards,  in  order 
to  straighten  the  cartilaginous  part  of  tiie  canal.  The  healthy  membrane  is  pearly  gray, 
semi-opaque,  slightly  concave  outwards,  and  obliquely  placed,  being  inclined  outwards, 
especially  above  and  behind. 

The  handle  and  short  process  of  the  malleus,  both  embedded  in  the  membrana  tympani, 
are  the  only  objects  distinctly  seen  when  the  healthy  ear  is  examined  with  the  speculum. 
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The  short  process  of  the  malleus  projects  outwards,  and  presents  itself,  tlierefore,  as  a 
conspicuous  object  at  the  upper  part  of  the  menil)rane  ;  passing  forwards  and  backwards 
from  this  process  are  the  anterior  and  posterior  folds  of  the  membrana  tympani ;  they 
form  the  lower  limit  of  Slirapnell's  membrane,  and  correspond  to  tiie  line  of  the  cliorda 
tympani  nerve.  The  handle  of  the  malleus,  situated  at  the  junction  of  the  two  upper 
quadrants,  is  seen  passing  downwards  and  slightly  backwards  to  the  point  of  maximum 
concavity  of  the  membrane  (umbo),  situated  a  little  below  its  centre  ;  passing  downwards 
and  forwards  from  the  umbo  is  the  trianyular  cone  of  reflected  light,  to  which  too  much 
importance  must  not  be  attached,  since  its  appearances  vary  considerably  in  healthy 
ears.  Normally,  the  long  process  of  the  incus  is  hut  faintly  visible,  and  still  less  so 
are  the  promontory  and  foi'amen  rotundiim ;  in  the  condition  of  Eustachian  obstruction, 
however,  in  which  the  membrane  is  indi'awn,  these  structures,  along  with  the  folds  of 
the  drum,  become  more  distinct. 

In  performing  the  operation  of  2M'>'aceittesi)<  of  the  ti/mpauic  membrane  the  postero- 
inferior  quadrant  is  the  site  chosen  for  making  the  puncture,  as,  in  addition  to  providing 
good  drainage,  it  is  farthest  removed  from  important  structures,  especially  the  chorda 
tympani  nerve. 

In  order  to  understand  the  clinical  importance  of.  the  parts  seen  through  the  trans- 
lucent membrane,  it  is  necessary  to  study  the  relative  position  of  the  structure  of  the 


Internal  jugular  vein  Promontory 

Fig.  79.5. — View  of  the  Innek  Wall  ok  the  Middle  Ear. 

Section  tlirougli  the  left  temporal  bone  of  a  child,  to  show  the  relations  of  the  middle  ear  and  mastoid  antrum 
to  the  middle  and  posterior  foss;e  of  the  skull. 

"  mtso-tympanum"  that  is  to  say,  that  part  of  the  tympanum  which  lies  ojpposite  the 
tympanic  membrane.  If  the  tympanic  plate  and  the  tympanic  membrane  be  carefully 
removed  so  as  to  leave  the  ossicles  and  chorda  tympani  nerve  in  position,  it  will  be  seen 
that  the  head  of  the  malleus  and  the  body  and  short  process  of  the  incus  are  altogether 
above  the  tympanic  membrane,  and  that,  they  occupy  the  tympanic  attic  or  epitympanic 
space.  At  the  junction  of  the  two  upper  quadrants  of  tiie  membrane  is  the  handle 
of  the  malleus,  which  is  directed  downwards,  backwards,  and  inwards.  The  short  process 
of  the  malleus  is  directed  outwards  a  little  below  the  deepest  part  of  the  roof  of  the 
osseous  external  auditory  canal.  Opposite  the  postero-superior  quadrant  are  the  long 
process  of  the  incus,  which  descends  behind  and  almost  parallel  to  the  handle  of  the 
malleus,  and  the  stapes,  which  is  directed  inwards  and  slightly  backwards  to  the  foramen 
ovale.  The  chorda  tympani  nerve  runs  from  behind  forwards  between  the  outer  surface 
of  the  upper  part  of  the  long  process  of  the  incus  and  the  inner  surface  of  the  neck  of 
the  malleus.  At  the  deepest  part  of  the  I'oof  of  the  osseous  canal  above  the  chorda 
tympani  nerve  and  the  short  jjrocess  of  the  malleus  is  a  notch  (iiotch  of  Rivini),  which 
is  occupied  by  the  flaccid  and  highest  portion  of  the  membrana  tympani  {Shnrpnell's 
membrane).  Opposite  the  jjostero-inferior  quadrant  of  the  drmn-head  is  the  promontory 
of  the  cochlea,  below  and  behind  which  is  the  foramen  rotundum.  (Opposite  tlie  antcro- 
superior  quadrant  are  the  processus  cochleariformis,  tiie  tendon  of  the  tensor  tympani,  and 
tlie  passage  loading  towards  tlie  Eustachian  tube. 

The  i)i)ier  ivall  of  the  tympanic  cavity  is  related  to  the  internal  ear.  The  upper  mill 
is  separated  from  the  middle  fossa  of  the  skull  and  the  under  surface  of  the  temporal 
lobe  of  the  brain  by  the  tegmen  tympani — a  thin  plate  of  bone,  which  is  continued 
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anteriorly  to  form  tlie  roof  of  the  osseous  portion  of  the  Eustachian  tube,  while  posteriorly 
it  roofs  over  the  mastoid  antrum.  Externally  the  tegmen  is  limited  by  the  petro- 
squamous suture,  which  may  remain  unossitied  for  some  years  after  birth,  thus 
affording  a  cliannel  along  which  pyogenic  infection  may  spread  from  the  middle  ear  to  the 
meninges  and  brain.  Infection  may  also  spread  along  the  small  veins  which  convey  blood 
from  the  tympanum  to  the  superior  petrosal  and  lateral  sinuses. 

The  floor  of  the  tympanum  is  formed  mainly  by  the  bone  forming  the  jugular  fossa, 
which  is  occupied  by  the  bulb  of  the  internal  jugular  vein.  When  the  lateral  sinus  is 
large  and  unusually  far  forward  the  bulb  is  likewise  large,  and  the  fossa,  which  is  con- 
sequently deeper,  may  arch  up  into  the  floor  of  the  tympanic  cavity,  from  whicli  it  may 
be  separated  raei-ely  by  a  thin  and  translucent  plate  of  bone  which  occasionally  shows  an 
osseous  deficiency.  In  cases  where  this  condition  existed  the  jugular  bulb  lias  been 
wounded  in  the  operation  of  paracentesis  of  the  tympanic  membrane. 

Anteriorly  the  tympanic  cavity  leads  into  the  Eustachian  tube,  which  brings  it  into 
conununication  with  tlie  naso-pliarynx.     In  tiie  cliild  tlie  Eustachian  tube  is  shorter, 


Roof  of  mastoid  antrum 


Posterior  margin  of  jugular  foramen 
Fig.  796. — Section  through  Petrous  Portion  of  Temporal  Bone  of  Adult. 
Showing  the  relation  of  the  middle  ear  to  the  niiildle  and  posterior  fossae  of  the  skull. 

wider,  and  more  horizontal  than  in  tlic  adult,  hence  inflammations  are  more  liable  to 
spread  along  it  to  the  tympanum. 

Above  the  level  of  the  membrana  tympani  is  the  tympanic  attic  or  epitympanic  space, 
which  communicates  posteriorly  by  means  ,  of  a  triangular  opening  (lulitus  ad  antriim) 
witli  the  mastoid  antrum  ;  the  base  of  the  triangle,  directed  upwards,  is  formed  by  the 
tegmen  tympani ;  its  apex,  directed  downwards,  is  formed  by  the  meeting  of  the  inner  and 
outer  walls.  The  opening  will  admit  an  instrument  half  a  cm.  in  diameter.  The  tympanic 
attic  contains  from  before  backwards  the  head  of  the  malleus,  the  body  and  short  process 
of  the  incus,  the  latter  projecting  backwards  into  the  aditus.  When  these  structures 
are  covered  with  inflamed  mucous  membrane  or  granulations,  drainage  from  the 
niastoid  antrum  into  the  tympanum  proper  is  interfered  with.  Tlie  boundaries  of  the 
aditus,  important  surgically,  are  as  follows:  superioi'ly,  the  tegmen  tympani ;  internally,  an 
eminence  of  compact  bone,  containing  tiie  external  semicircular  canal,  below  and  in  front  of 
which  is  a  second  smaller  proinineiice,  corresponding  to  that  portion  of  the  aqueduct  of 
Fallopius  which  curves  immediately  above  and  behind  the  foramen  ovale.  The  wall  of  the 
aqueduct  is  here  thin  and  not  infrequently  deficient,  in  which  case  inflammation  may  readily 
spread  from  the  tympanum  to  the  facial  nerve.  The  outer  wall  of  the  aditus  is  formed  by 
the  deepest  part  of  the  upper  and  outer  wall  of  the  osseous  external  auditory  canal. 

The  posterior  ivall  of  the  tympanum,  below  the  aditus  ad  antrum,  is  formed  by  diploic 
bone  which  contains  the  descending  portion  of  the  aqueduct  of  Fallopius. 
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yjChc  mastoid  antrum  i.s  lo  be  considered,  developiiieiitally  as  well  as  auatiniiLcally, 
as  an  extension  upwards  and  backwards  of  tlie  tympanum.  Its  anatomy  and 
relations  will  be  best  understood  ))y  studying  it  in  the  child,  in  whom  it  is 
relati\'ely  larger  than  in  the  adult.  Situated  a))Ove  and  liehind  the  tympanic 
cavity  proper,  its  outer  locdl  is  formed  by  a  triangular  plate  of  bone  which  descends 
liehind  the  external  auditory  process  from  the  squamous  portion.  Posteriorly, 
this  triangular  plate  is  separated  from  the  petro-mastoid  element  by  the  petro- 
mastoid  suture,  which  overlies  the  posterior  part  of  the  antrum  and  transmits 
small  veins  to  the  surface.  The  suture  does  not  become  completely  ossified  until 
a  year  or  two  after  l)irth,  and  remains  of  it  may  frequently  l)e  detected  in  the 
adult  bone.  The  anterior  and  upper  portion  of  the  triangular  plate  turns  inwards 
at  an  angle  to  form  the  upper  and  posterior  wall  of  the  rudimentary  osseous  canal, 
as  well  as  the  floor  of  the  tympanic  attic. 

In  the  adult  the  outer  wall  of  the  mastoid  antrum  is  formed  l)y  a  plate  of  bone, 
from  h  to  |  in.  in  thickness,  which  occupies  the  triangular  and  somewhat  depressed 
area  l)etween  the  ridge  extending  liackwards  and  slightly  upwards  from  tlie 
posterior  root  of  the  zygoma  (supra-mastoid  portion  of  tenaporal  crest),  and 
the  upper  and  posterior  quadrant  of  the  osseous  external  auditory  meatus ;  upon 
the  latter  is  the  supra-meatal  spine,  immediately  behind  which,  upon  the  floor 
of  the  above  triangle,  is  a  crescentic  depression,  the  fossa  mastoidea.  The 
outer  wall  of  the  antrum  is  felt  through  the  skin  as  a  slight  depression 
immediateh'  behind  the  auricle,  and  immediately  below  the  ridge  formed  by  the 
supra-mastoid  crest ;  l)elow  the  depression  is  the  prominence  corresponding  to  the 
insertion  of  the  sterno-mastoid  muscle.  Trautniann  has  pointed  out,  however, 
that  the  supra-mastoid  crest,  which  varies  considerably  in  its  obliquity,  is  some- 
times situated  a  little  above  the  level  of  the  roof  of  the  antrum,  and  that  it  is  safer, 
therefore,  to  take  the  level  of  the  upper  border  of  the  osseous  meatus  as  the  guide 
in  order  to  avoid  opening  the  middle  fossa  of  the  skull.  In  children  the  supra- 
mastoid  crest  is  not  developed,  so  that  if  the  operator  mistake  the  posterior  root 
of  the  zygoma  for  the  crest,  he  will  open  into  the  middle  fossa  of  the  skull 
immediately  in  front  of  the  attic.  The  upper  and  posterior  quadrant  of  the 
osseous  meatus  is,  therefore,  the  only  reliable  guide  to  the  antrum  in  the  child. 

The  inner  wall  is  formed  by  a  thick  plate  of  spongy  bone  which  separates  the 
antrum  from  that  portion  of  the  posterior  fossa  lying  between  the  aqueduct  of 
the  vesti])ule  and  the  groove  for  the  sigmoid  portion  of  the  lateral  sinus,  and  whicb 
contains  the  posterior  semicircular  canal. 

The  roof,  which  slopes  downwards  and  forwards,  is  formed  by  the  posterior  and 
thinnest  part  of  the  tegmen  tympani. 

The  jloor  is  on  a  lower  level  than  the  aditus,  and  is  therefore  unfavouralily 
placed  for  natural  drainage. 

The  mastoid  process  begins  to  develop  in  the  second  year.  As  development 
advances  the  diploe  surrounding  the  antrum  in  the  child  becomes  excavated  to 
form  the  mastoid  cells,  which  radiate  from  the  antrum,  and  either  directly  or 
indirectly  communicate  with  it  by  small  openings.  In  the  pneumatic  type  of 
mastoid  tlie  whole  of  the  process  is  excavated  by  these  cells,  which  extend 
upwards  into  the  squamous  portion,  forwards  to  the  posterior  wall  of  the  osseous 
meatus  (border-cells),  and  ])ackwards  into  the  occipital  l)one.  Pus  retained  withhi 
the  "  horder-cells  "  may  bulge  into,  and  rupture  through,  the  posterior  wall  of  the 
osseous  meatus.  Less  frequently  the  mastoid  cells  are  absent,  the  bone  consisting 
either  of  osseous  tissue  similar  to  that  of  the  diploe,  or  of  dense  bone  (sclerosed 

type). 

The  mastoid  ])rocess  is  grooved  u])on  its  inner  surface  by  the  sigmoid  portion  of 
the  lateral  sinus.  'I'he  average  distance  of  the  foremost  part  of  the  sinus  from  the 
supra-meatal  spine  is  1  cm.  The  right  sinus  usually  receives  the  superior 
longitudinal  sinus,  and  when  this  is  the  case  it  is  larger  and  farther  forward  than 
the  left ;  in  extreme  cases  it  may  reach  to  within  2  or  ;}  mm.  of  the  meatus.  The 
average  minimum  distance  of  the  lateral  sinus  from  the  outer  surface  of  the 
mastoid  is  al)out  1  cm.,  but  when  the  sinus  is  large  and  far  forward  the  thickness 
may  ])e  reduced  to  1  or  2  mm. 
74 
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Thv  facial  nerve,  after  entering  the  acjueduct  ol'  Fallupius  at  the  bottom  of  thi; 
internal  auditory  meatus,  lies  immediately  above  and  behind  the  foramen  ovale, 
between  it  and  the  prominence  of  the  external  semicircular  canal ;  thence  it 
descends  almost  vertically  in  the  posterior  wall  of  the  tympanum  |  in.  behind  and 
internal  to  tlie  lower  half  of  the  deepest  part  of  the  posterior  wall  of  the  external 
osseous  canal,  and  emerges  through  the  stylo-mastoid  foramen  (Fig.  515). 

In  the  infant,  in  consequence  of  the  absence  of  the  mastoid  process,  the  exit  of 
the  facial  nerve  from  the  stylo-mastoid  foramen  is  unprotected  and  exposed  upon 
the  lateral  rather  than  upon  the  basal  surface  of  the  skull  at  a  point  immediately 
behind  the  posterior  segment  of  the  tympanic  horse-shoe.  It  follows,  therefore, 
tliat,  in  infancy,  the  incision  to  expose  the  antrum  should  not  be  curved  too  far 
downwards  and  forwards,  otherwise  the  facial  nerve  may  be  divided.  In  the 
infant  tlie  position  of  the  mastoid  antrum  is  relatively  higher  than  in  the  adult, 

Septum  of  frontal  sinuses        Crista  Galli    Left  frontal  sinus 


Fill.  797. — Verticvl  Coronal  Sectio.\  throU(!H  the  No.se  and  Frontal  Sinuses. 

because  in  the  former  the  upper  wall  of  the  osseous  canal  inclines  towards  the 
vertical  plane  instead  of  being  horizontal. 

To  open  the  mastoid  antrum  the  surgeon  makes  a  curved  incision  a  little  behind  the 
attachment  of  the  auricle,  and  chisels  or  drills  away  the  bone  immediately  above  and 
behind  the  postero-superior  quadrant  of  the  external  osseous  meatus.  In  this  operation 
the  middle  fossa  of  the  skull  is  avoided  by  keeping  below  the  supra-mastoid  crest,  the 
lateral  sinus  by  keeping  close  to  the  external  auditory  canal  and  by  chiselling  obliquely  to 
the  surface  in  opening  the  mastoid  cells,  the  descending  portion  of  the  facial  nerve  is 
avoided  by  not  encroaching  upon  the  lower  half  of  the  deepest  part  of  the  posterior  wall 
of  the  osseous  canal.  In  extending  the  operation  from  the  mastoid  antrum  through  the 
aditus  into  the  tympanic  attic,  the  external  seinlcircidar  canal  and  the  curve  of  the /ac/«/ 
nerve,  which  lie  in  relation  to  the  inner  wall  of  the  aditus,  are  liable  to  injury,  and  must 
be  protected  either  by  a  curved  probe,  or  better  by  Stacke's  protector,  passed  from  the 
antrum  through  the  aditus  into  the  tympanic  cavity. 

The  frontal  air  sinuses  are  two  cavities  situated  immediately  above  the  root  of 
the  nose  between  the  two  tables  of  the  frontal  bone.  Each  sinus  at  its  most 
dependent  part  communicates,  by  means  of  the  naso-frontal  duct,  either  directly 
with  the  middle  meatus  of  the  nose,  or  indirectly  with  that  channel  through  its 
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infiindiliuluin.  A  liuiiy  scpLum,  rarely  incomplete,  separates  tlie  two  sinuses;  it 
is  usually  mesial  in  position  below,  but  it  may  deviate  to  one  or  other  side  above. 

The  sinuses  xary  considerably  in  their  size  and  shape,  independently  of  the 
degree  of  development  of  the  glabella  and  superciliary  ridges.  According  to 
Logan  Turner,  the  dimensions  of  an  average-sized  sinus  are :  height,  1^  in.,  from 
the  lower  end  of  the  fronto-maxillary  suture  vertically  upwards ;  hreaclth,  1  in., 
from  the  mesial  septum  horizontally  outwards;  deiJth,  f  in.,  from  the  anterior  wall 
backwards  along  the  orbital  roof.  The  sinus  may  exist  merely  as  recesses  limited 
to  a  small,  area  of  bone  above  the  nose,  or  it  may  extend  upwards  on  to  the  fore- 
head for  more  than  two  inches;  externally  it  may  be  limited  by  the  bony 
wall  of  the  temporal  fossa,  while  posteriorly  it  may  reach  as  far  back  as  the  optic 
foramen.    The  anterior  wall  is  thickest,  but  the  thickness  may  vary  from  1  to 


Section  of  eyeball  a 
little  behind  the  cornea 


Rod  leading  from  frontal  sinus  throngh 
infundibnlum  into  middle  meatus 

Cribriform    Posterior  part  Lachrymal  External  angular 
Roof  of  orbit  plate      of  frontal  sinus   gland       process  of  frontal 


Rod  lead  nil,'  fi-nm 
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infumlibulum  iiitii 
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Opening  of  lower  end 
of  nasal  duet  into 
inferior  meatus 
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part  of  nasal  duct  into 
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Anteiior 
ethmoidal  cell 
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_i/  Anterior  part  of 
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'U  /     Anterior  extremity,  of 
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Fig. 


[98.— Vertical  Coronal  Section  through  the  Anterior  Part  of  the  Orbital  and 
Nasal  Cavities  and  the  Upper  Lip. 


5  mm.  The  floor  is  the  thinnest  wall,  hence  when  pus  is  retained  within  the 
cavity,  it  tends  to  point  at  the  upper  and  inner  angle  of  the  orbit.  Intracranial 
suppuration  may  arise  in  connexion  with  sinus  disease  by  extension  through  the 
posterior  wall.  The  muco-periosteal  lining,  which  readily  strips  from  the  bone,  is 
thin  and  pale,  and  provided  with  mucous-secreting  glands. 

In  many  individuals,  by  the  aid  of  trans-illumination,  the  extent  of  the  sinuses  and  the 
position  of  the  intervening  septum  may  be  mapped  out  upon  the  forehead.  For  this 
purpose  a  small  electric  lamp  is  placed  against  the  floor  of  the  sinus,  beneath  the  inner 
third  of  the  supra-orbital  margin.  In  exploring  the  sinus,  the  opening  in  the  bone  should 
be  made  close  to  the  mesial  plane,  immediately  above  the  root  of  the  nose.  In  marked 
cases  of  deviation  of  the  septum  one  sinus  may  extend  so  far  across  the  mesial  plane  of 
the  forehead  as  to  reduce  the  other  to  a  mere  slit :  in  such  cases  the  surgeon  may  fail  to 
open  the  diseased  sinus  when  the  operation  is  performed  through  the  anterior  wall.  The 
sinus  frequently  contains  incomplete  partitions,  which  give  rise  to  the  formation  of  pockets 
and  recesses  usually  found  towards  the  external  angle  of  the  sinus  ;  when  dealing  with 
chronic  suppuration  of  the  sinuses,  special  attention  should  be  ])aid  to  these  recesses  as 
well  as  to  the  backward  extension  of  the  cavitv  along  the  orbital  roof.    The  anterior 
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ethmoidal  cells  are  closely  related  to  the  thin  inner  or  nasal  portion  ol'  the  Hoor  of  tlie 
sinus  and  its  duct  of  exit ;  hence  su])puratiou  very  frequently  co-exists  in  both  cavities. 
In  some  cases  pus  flows  directly  from  the  frontal  sinus  and  infundibnlimi  along  the 
liiatus  seniiliniaris  into  the  nuixillary  antrum,  which  opens  into  the  l)ack  part  of  tlie 
iiiatus. 

THE  FACE. 

The  skin  of  the  face  is  thin,  vascular,  and  rich  in  sehacenus  and  sweat  <^lands ; 
it  is  intimately  connected  with  the  subcutaneous  tissue,  in  wliich  are  iudjedcled  tlie 
facial  muscles  as  well  as  the  main  Idood-vessels.  Owing  to  its  elasticitv  and  to 
the  presence  of  the  main  blood-vessels  in  the  lax  sul)cutaneous  tissue,  the  face  is  an 
admirable  site  for  plastic  operations,  as  the  llaps  do  not  necrose  in  spite  of  consider- 
able tension.  The  laxity  of  the  tissues  accounts  for  the  marked  swelling  which 
attends  redematous  and  inflammatory  conditions  about  the  face.  Wliene\'er  pos- 
sible, incisions  sh(>uld  be  made  along  the  line  of  the  natural  furrows  and  creases  of 
the  skin,  so  as  to  render  the  resulting  cicatrix  less  noticeable. 

The  liony  landmarks  of  the  face  which  may  be  readih'  pal^jated  are :  the 
superciliary  ridges  and  the  glabella,  the  nasion  (fronto-iuisal  junction),  the  bridge  of 
the  nose,  the  osseous  anterior  nares  and  the  nasal  spine,  the  supra-  and  infra-orbital 
margins,  tlie  external  and  internal  angular  processes,  the  anterior  part  of  the  temporal 
crest,  the  malar  bone,  tlie  zygomatic  arch,  and  the  region  of  the  canine  fossa  of  the 
upper  jaw. 

Immediately  l)elow  the  root  of  tlie  zygoma,  and  in  front  of  the  upper  part  of 
the  tragus,  is  the  condyle  of  the  jaw.  By  pressing  with  tlie  point  of  tlie  finger 
upon  the  condyle  while  the  mouth  is  being  widely  opened,  the  bone  will  be  felt  to 
glide  forward,  while  the  finger  sinks  deeply  into  the  hollow  corres])Oiiding  to  the 
glenoid  cavity.  The  close  relation  of  the  first  part  of  the  internal  maxillary  artery 
to  the  inner  aspect  of  the  neck  of  the  jaw  must  be  kept  in  mind  in  operations 
calling  for  disarticulation  or  excision  of  the  condyle.  The  ascending  ramus  of  the 
jaw  is  sandwiched  between  the  masseter  and  the  pterygoid  muscles,  and  can  be 
removed  without  opening  into  the  mouth.  Passing  downwards  from  the  condyle, 
one  can  palpate  the  anterior  and  posterior  borders  of  the  ascending  ramus  and  the 
angle  and  body  of  the  mandible.  The  anterior  border  of  the  coronoid  process  is 
felt  in  front  of  the  upper  part  of  the  anterior  border  of  the  masseter,  imniediatelv 
))elow  the  anterior  jiart  of  the  zygomatic  arch. 

The  pulsation  of  the  facial  artery  may  be  felt  as  the  vessel  crosses  the  lower 
margin  of  the  mandible  at  the  anterior  border  of  the  massetei',  1  in.  in  front  of 
the  angle  of  the  jaw.  To  map  out  the  course  of  the  artery  upon  the  face,  draw  a 
line  from  this  point  to  a  point  ^  in.  external  to  the  angle  of  the  mouth,  and 
tlience  to  a  point  a  little  behind  the  ala  nasi  and  along  the  side  of  the  nose  to 
the  inner  angle  of  the  orbit.  The  facial  vein  lies  behind  the  facial  artery,  and 
takes  a  straighter  course  from  the  inner  canthus  to  the  anterior  inferior  angle  of 
the  masseter.  The  vessel  is  devoid  of  valves,  hence  infective  phlebitis  and  throm- 
bosis are  liable  to  spread  along  it  to  the  cavernous  sinus  by  way  of  the  ophthalmic 
and  pterygoid  veins. 

A  line  projected  downwards  from  the  supra-orbital  notch  (junction  of  inner 
and  middle  tliirds  of  the  supra-orbital  margin)  to  the  lower  Ijorder  of  the 
mandil)le  opposite  the  interval  between  the  two  lower  bicuspid  teeth,  will  cross 
the  infra-orbital  and  mental  foramina,  the  former  ^  in.  below  the  infra-orbital 
margin,  the  latter  midway  between  the  upper  and  lower  borders  of  the  lower  jaw. 
In  performing  the  operation  of  neurectomy  for  the  relief  of  trigeminal  neuralgia, 
these  foramina  furnish  the  guides  to  the  correspondingly-named  branches  of  the  fifth 
nerve.  It  should  l)e  remembered  that  the  nerves  in  question,  after  emerging  from 
their  respective  foramina,  lie,  in  the  first  instance,  beneath  the  facial  muscles.  The 
supra-orbital  and  infra-orl)ital  nerves  are  not  infrequently  represented  each  by  two 
branches,  one  of  which  passes  through  an  accessory  foramen  situated  external  to 
the  normal  opening.  Neurectomy  of  the  inferior  dental  nerve  is  performed  by 
trephining  the  ascending  ramus  of  the  jaw  midway  l)etween  its  anterior  and  ])0S- 
terior  borders,  (m  a  level  with  the  crown  of  tlie  last  molar  tooth,  the  nerve  1)eing 
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reached  as  it  enters  the  inferior  dental  canal ;  the  lingual  nerve,  whicli  lies  a  little 
anterior  to  the  inferior  dental,  can  be  exposed  through  the  same  opening. 

The  facial  nerve,  after  emerging  from  the  stylo-niastoid  foramen,  is  imbedded 
in  the  parotid  gland  where  it  is  superficial  to  the  external  carotid  artery ;  the 
nerve  can  be  rolled  under  the  finger  as  it  crosses  the  posterior  border  of  the  ascend- 
ing ramus  of  the  jaw  at  the  level  of  the  lower  margin  of  the  tragus ;  incisions  con- 
tinued along  the  ramus  above  this  point  should  be  only  skin  deep  if  the  nerve  is 
to  be  avoided.  To  expose  the  trunk  of  the  nerve  an  incision  is  made  from  the 
anterior  border  of  the  mastoid  process  to  the  angle  of  the  jaw.  Incisions  upon  the 
cheek  should,  whenever  possible,  be  planned  so  as  to  run  parallel  with  the  branches 
of  the  nerve ;  these  radiate  from  the  lower  end  of  the  tragus.  The  nerve  may 
l>e  paralysed  by  wounds  of  the  cheek  and  by  malignant  tumours  of  the  parotid,  as 
also  by  intracranial  and  middle-ear  lesions. 

The  parotid  gland  is  surrounded  by  a  fascial  envelope,  the  strongest  portion  of 
which  is  continued  from  the  deep  cervical  fascia  over  its  superficial  aspect  to 
become  attached  to  the  zygoma  (Eig.  047) ;  hence  abscesses  in  the  parotid  tend 
to  burrow  deeply  towards  the  pterygo-maxillary  space  and  the  upper  part  of  the 
pharynx  ;  the  pus  should  therefore  be  evacuated  by  Hilton's  method,  through 
an  early  incision  over  the  angle  of  the  jaw.  A  study  of  the  relations  of  the  gland 
explains  the  surgical  difficulties  which  attend  its  complete  removal. 

The  parotid  duct  can  be  rolled  beneath  the  finger  as  it  crosses  the  masseter, 
rather  less  than  a  finger's  breadth  below  the  zygoma.  After  winding  over  the 
anterior  border  of  the  muscle  it  soon  pierces  the  buccinator,  and  opens  into  the 
mouth  opposite  to  the  second  molar  tooth  of  the  upper  jaw.  The  level  and  direc- 
tion of  the  duct  may  be  marked  out  upon  the  surface  by  drawing  a  line  from  the 
lower  margin  of  tlie  concha  to  a  point  midway  between  the  ala  nasi  and  the  angle 
of  the  mouth. 

Superficial  to  the  parotid  and  a  little  in  front  of  the  tragus  is  the  pre-auricular 
lymphatic  gland,  which  is  frequently  found  to  be  inflamed  in  children  suffering  from 
eczematous  conditions  of  the  eyelids,  face,  scalp,  and  external  ear.  In  opening 
an  abscess  connected  with  this  gland  care  must  be  taken  to  make  the  incision  as 
low  down  as  possible,  so  as  to  avoid  the  parotid  duct. 

Eyelids. — The  skiu  of  the  eyelids,  more  especially  of  the  upper,  is  very  thin  and 
connected  with  the  orbicularis  muscle  by  delicate  and  lax  subcutaneous  tissue 
destitute  of  fat ;  hence  the  marked  swelling  which  occurs  in  a  "  black  eye  "  and  in 
(edema  of  the  lids.  Along  the  anterior  edge  of  the  free  margins  of  the  lids  are  the 
eyelashes  and  the  orifices  of  the  sebaceous  glands,  suppurati\'e  inflammation  of 
which  gives  rise  to  a  "  sitye" ;  along  the  sharp  posterior  edge  of  the  free  margins 
are  the  minute  orifices  of  the  Meibomian  glands.  These  glands,  imbedded  in  the 
deep  surface  of  the  tarsal  plates,  are  seen  through  tlie  palpebral  conjunctiva  as  a 
row  of  pai-allel,  yellowish,  granular-looking  streaks.  From  the  deep  position  of  the 
glands  it  follows  that  the  skin  over  a  Meibomian  cyst  is  freely  movable,  and  that 
to  reach  the  cyst  an  incision  should  1)e  made  through  the  conjunctival  surface  of 
the  lid. 

The  palpebral  conjunctiva  is  closely  adlierent  to  the  («ular  surface  of  the  tarsal 
plates ;  at  the  fornix  it  is  loose  and  contains  small  lymphoid  follicles,  which 
become  hypertrophied  in  the  condition  known  as  granular  conjunctivitis.  The 
ocular  conjunctiva  is  thin,. transparent,  and  loosely  attached  to  the  sclerotic,  so 
that  in  operating  upon  the  eye  a  fold  of  the  membrane  can  be  picked  up  witli 
forceps  to  steady  the  eyeltall. 

J 11  inflammatory  affections  of  the  eye  the  state  of  those  vessels  whicli  are  visible  gives 
important  information  as  to  the  seat  of  the  mischief.  For  example,  in  inflaumiation  of 
the  conjunctiva  the  posterior  conjunctival  vessels  (derived  from  the  palpebral  arteries), 
scarcely  visible  normally,  appear  as  a  close  network  which  fad^es  away  towards  the  corneal 
margin  ;  these  vessels  move  freely  with  the  conjunctiva,  and  do  not  disappear  under  pres- 
sure. In  superficial  inflammations  of  the  cornea  the  anterior  conjunctival  vessels  (the 
most  superficial  of  the  terminal  branches  of  the  anterior  ciliary  arteries)  are  seen  to 
spread  in  a  freely  branching  manner  into  its  superficial  layers.  In  iritis  and  dee])  inflaui- 
matious  of  the  cornea  there  is  a  pink  circumcorneal  /.one  'of  vascular  dilatation  consisting 
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of  delicate  straight  vessels  which  disappear  under  pressure  and  do  not  move  with  the  con- 
juuctiva  ;  they  are  the  subconjunctival  (episclcrotic)  terminations  of  the  anterior  ciliary 
arteries  ;  in  health  they  ai'e  invisible. 

Lachrymal  Apparatus. — The  lachrymal  gland,  situated  beliind  the  outer  part 
of  the  supra-orl)ital  margin,  cannot  be  felt  unless  enlarged.  By  everting  and 
raising  the  upper  eyelid,  the  accessory  (palpebral)  portion  of  the  gland  is  seen  to 
project  Ijeneath  the  outer  tliird  of  the  fornix,  in  which  situation  also  the  minute 
orifices  of  the  lachrymal  ducts  may  be  detected.  By  gently  drawing  downwards 
the  lower  lid,  the  small  punctum  lachrymale  is  seen  situated  upon  a  slight  pa})iUary 
elevation  of  its  margin  about  4  mm.  from  the  inner  canthus ;  the  corresponding 
orifice  of  the  upper  lid  is  placed  a  little  nearer  the  canthus.  Normally"  the 
puncta  are  directed  towards,  and  accurately  apY)lied  to,  the  ocular  conjunctiva 
immediately  external  to  the  caruncle.  By  drawing  the  lids  outwards  the  internal 
palpebral  ligament  is  put  upon  the  stretcli,  and  can  be  felt  as  a  narrow  tense  band 
passing  transversely  inwards  to  be  attached  to  the  nasal  process  of  the  superior 
maxilla.  The  ligament  is  a  guide  to  the  position  of  the  lachrymal  sac,  which  it 
crosses  a  little  above  its  centre.  Continuous  with  the  lower  end  of  the  lachrymal 
sac  is  the  nasal  duct,  wliich  passes  downwards  and  slightly  backwards  and  outwards, 
to  open  int<»  the  inferior  meatus  of  the  nose,  mider  cover  of  the  anterior  end  of  the 
inferior  tiirbinal.  The  lachrymal  sac  and  duct  each  measure  about  -|  in.  in  length ; 
the  latter  is  slightly  contracted  at  its  commencement  and  termination,  and  it  is  in 
these  situations  that  pathological  strictures  of  the  duct  are  commonest.  Spon- 
taneous rupture  of  an  abscess  of  the  lachrymal  sac  almost  invariably  occurs  just 
below  the  tendo  palpebrarum ;  it  is  in  this  situation  that  the  abscess  should  be 
opened,  the  incision  being  made  a  little  external  to  the  angular  termination  of  the 
facial  artery. 

The  canaliculi  lachrymales,  which  convey  the  tears  from  the  puncta  to  the  lach- 
rymal sac,  run  for  the  first  1-2  mm.  almost  vertically"  to  the  free  margins  of  the 
lids,  and  thence  parallel  to  them.  Between  the  canaliculi  is  the  lachrymal  caruncle. 
In  the  various  morbid  conditions  which  give  rise  either  to  misdirection  of  the 
puncta  or  to  stricture  at  any  part  of  the  lachrymal  drainage  apparatus,  overflow 
of  the  tears  (^epiphora)  is  the  chief  symptom.  In  passing  a  probe  along  a 
canaliculus  the  instrument,  in  consequence  of  the  bend  upon  the  duct,  is 
passed  at  first  vertically  to  the  margin  of  the  lid,  and  afterwards  parallel  to  it, 
until  the  point  is  felt  to  strike  against  the  inner  wall  of  the  lachrymal  sac ;  to 
}>ass  the  instrument  onwards  along  the  nasal  duct  the  handle  is  rotated  forwards 
and  u])wards  through  a  quarter  oi^  a  circle,  and  then  pushed  gently  downwards  and 
sliglitly  backwards  and  outwards  into  the  inferior  meatus  of  the  nose. 

The  tarsal  "  cartilages  "  are  attached  to  the  periosteum  of  the  orbital  margins  by 
the  orbito-tarsal  ligaments  which  shut  off  the  communication  between  the  subcuta- 
neous tissue  of  the  eyelids  and  the  fatty  tissue  of  the  orbital  cavity.  In  fracture 
f)f  the  anterior  fossa  of  the  base  of  the  skull  involving  the  orbital  plate,  the  blood 
extends  forwards  between  the  periosteum  and  the  musculo-fascial  envelope  of  the 
orbit  and  appears  under  the  conjunctiva. 

To  obtain  free  access  to  the  cavity  of  the  orbit,  the  surgeon  first  enlarges  the 
palpebral  fissure  by  making  a  horizontal  incision  from  the  outer  canthus  to  the 
outer  margin  of  the  orbit,  and  then,  after  everting  the  eyelid,  divides  the  conjunc- 
tiva along  the  fornix  of  the  upper  or  lower  lid,  or  of  both,  as  may  be  desired. 

Nose. — To  examine  the  anterior  nares  {anterior  rhinnscopij)  a  strong  light  is 
reflected  into  the  nostril  which  is  dilated  by  means  of  a  nasal  speculum.  The 
anterior  extremity  of  the  inferior  turbinal  appears  as  a  rounded  body  projecting 
from  the  outer  wall  of  the  nose ;  in  turgescence  of  its  erectile  tissue  it  is  liable  to 
come  in  contact  with  the  nasal  septum  and  so  occlude  the  nostril.  The  inferior 
meatus,  situated  between  the  inferior  turl)inated  body  and  the  floor  of  the  nasal 
fossa,  is  brought  into  view  liy  tilting  forwards  the  head.  The  lower  aperture  of  the 
nasal  duct  is  concealed  from  view  by  the  anterior  irdvt  of  the  inierior  turliinal. 
The  floor  of  the  nose  is  liorizontal  and  placed  on  a  slightly  lower  level  than  tlic 
anterior  nares.  The  septum,  generally  more  or  less  deviated  to  one  or  other  side, 
is  seen  when  Iho  head  is  sliniit-lv  rotated  awav  from  the  side  (n  be  exaaniued.  The 
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anterior  part  of  the  middle  turbinal  is  seen  when  the  patient's  head  is  thrown  well 
back  ;  betw^een  it  and  the  septum  is  a  sht-like  interval  [olfactory  cleft).  By  rotat- 
ing the  patient's  head  towards  the  corresponding  shoulder  the  anterior  part  of  the 
middle  meatus  is  brought  into  view ;  pus  in  this  situation  may  originate  from  tlie 
frontal,  the  anterior  ethmoidal,  or  the  maxillary  sinuses,  all  of  which  open  into  the 
hiatus  semilunaris  of  the  middle  meatiis  (Fig.  490). 

To  make  a  satisfactory  digital  exploration  of  the  anterior  part  of  the  nasal 
cavities,  it  is  necessary  to  divide  the  columella  and  the  cartilaginous  septum  with 
a  strong  pair  of  scissors,  one  blade  being  introduced  into  each  nostril  (Kocher); 
lilood  spurts  from  the  small  arteries  of  the  septum,  but  the  bleeding  soon  ceases. 
When  these  vessels,  which  are  derived  from  the  superior  coronary  arteries,  are  the 
source  of  the  haemorrhage  in  epistaxis,  the  bleeding  can  be  arrested  either  by  com- 
pressing the  coronary  arteries,  by  plugging  the  anterior  nares,  or  by  grasping  the 
cartilaginous  part  of  the  nose  firmly  between  the  finger  and  thumb. 

The  maxillary  sinus  or  antrum  of  Highmore,  situated  in  the  upper  jaw,  is  a 
pyramidal  cavity  with  its  base  formed  by  the  outer  wall  of  the  nose  and  its  apex 
directed  towards  the  malar  bone  (Fig.  121).  The  cavity  is  lined  by  a  thin  muco- 
periosteal  membrane,  easily  separable  from  the  bone ;  in  the  mucous  layer  are 
numerous  mucous  glands  from  which  cysts  may  develop.  The  floor  of  the  antrum, 
which  is  normally  on  a  level  with  the  floor  of  the  nose,  is  separated  from  the  roots 
of  the  bicuspid  and  molar  teeth  by  a  plate  of  bone  of  varying  thickness.  When  this 
plate  is  thin  and  devoid  of  spongiosa,  the  floor  of  the  antrum  sinks  below  the  level 
of  the  floor  of  the  nose,  and  suppuration  at  the  roots  of  one  of  the  teeth  above 
mentioned  is  in  these  circumstances  very  liable  to  extend  to  the  antrum.  In  an 
antrum  of  average  dimensions  the  line  of  union  of  the  nasal  and  facial  walls  of 
the  cavity  corresponds  externally  to  the  outer  edge  of  the  canine  ridge  (Logan 
Turner).  The  antral  orifice  is  situated  at  the  highest  part  of  the  antrum,  and 
is  therefore  unfavourably  placed  for  natural  drainage ;  it  opens  into  the  posterior 
and  lower  part  of  the  infundibulum  which,  in  its  turn,  communicates  with  the 
middle  meatus  of  the  nose  through  the  hiatus  semilunaris.  In  old  age  there  is 
frequently  a  second  communication  between  the  antrum  and  middle  meatus,  the 
opening  being  situated  behind  and  below  the  normal  orifice ;  when  this  accessory 
osteum  exists  pus  from  the  antrum  may  drain  backwards  into  the  naso-pharynx 
(Logan  Turner).  In  empyema  of  the  antrum  the  opening  to  evacuate  and  drain 
the  cavity  may  be  made  (1)  through  the  alveolus  of  the  second  bicuspid  or  of  the 
first  or  second  molar  tooth,  the  first  molar  being  the  site  of  election ;  (2)  through 
the  canine  fossa,  external  to  the  prominence  caused  by  the  root  of  the  canine  tooth  ; 
or  (3)  through  the  outer  wall  of  the  inferior  meatus  of  the  nose. 

Lips. — In  compressing  the  coronary  arteries,  it  must  be  remembered  that  they 
run  beneath  the  mucous  surface  of  the  lips  a  short  distance  from  their  free  margins. 
The  lips  are  abundantly  supplied  with  mucous  glands  which  can  be  felt  immediately 
beneath  the  miicous  membrane  nearer  their  attached  than  their  free  borders ;  the 
glands  are  a  frequent  source  of  mucous  cysts ;  occasionally  they  are  enlarged 
congenitally,  giving  rise  to  one  form  of  hypertrophy  of  the  lip. 

Hare-lip  is  due  to  failure  of  the  union  of  the  internal  nasal  subdivision  of  the  fronto-nasal 
process  with  the  maxillary  process.  The  deformity  is  spoken  of  as  complete  or  incomplete 
according  as  the  cleft  extends  into  the  nostril  or  merely  involves  a  portion  of  the 
lip.  The  fissure  may  involve  the  lip  only,  or  it  may  include  the  alveolar  process  of  tlie 
jaw ;  in  the  latter  case  the  cleft  may  or  may  not  be  associated  with  a  cleft  of  the_  palate. 
Lastly,  the  hare-lip  may  be  single  or  double,  according  as  the  deficiency  has  occurred  on 
one  (usually  the  left)  or  both  sides;  in  the  latter  case  the  central  portion  of  the  lip  and 
the  premaxillfe  project  more  or  less  markedly  from  the  nasal  septum. 

Teeth. — The  milk  teeth  begin  to  appear  from  the  sixth  to  the  eighth  month,  the 
first  to  emerge  being  the  lower  central  incisors.  The  first  dentition  is  completed 
about  the  thirtieth  month.  Delayed  dentition  is  generally  due  to  rickets.  Of  the 
permanent  set  the  first  to  erupt  are  the  first  molars,  which  appear  at  the  end  of  the 
sixth  or  seventh  year ;  the  third  molars  (wisdom  teeth),  the  last  to  appear,  may 
erupt  any  time  between  the  eighteenth  and  the  twenty- fifth  year,  or  evon  latcu-. 
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^Vh  the  perinaneiit  teeth  ])ush  tlieir  way  towards  tlie  surface,  absorption  of  the  roots 
(if  the  first  set  takes  place,  which  either  fall  out  of  their  own  accord  or  are  easily 
removed.  Loss  of  the  Y)ernianent  teeth  is  followed  by  absorption  of  the  alveolar 
margin  of  the  jaw.  The  tootli  sockets  are  lined  Ijy  a  thin  periosteum,  which  is 
anatomically  continuous  with  the  pulp  tissue  of  the  teeth  on  the  one  hand  and  the 
dense  fibrous  tissue  of  the  deep  layer  of  the  gum  on  the  other. 

The  upper  incisors  and  canines  and  the  lower  bicuspids  lia\  e  cylindrical  roots, 
hence  in  extracting  these;  teeth  they  should  be  first  loosened  l)y  a  slight  rotatory 
movement;  the  ro(»ts  of  the  lower  incisors  and  canines  and  of  the  upper  bicuspids 
are  fiattened,  so  that  they  must  be  loosened  by  a  lateral  movement.  The  roots  of 
the  wisdom  teeth  are  com:ergent,  generally  welded  together  and  curved  liackwards, 
especially  in  the  lower-  jaw.  The  first  and  second  upper  molars  have  three  roots 
which  are  often  divergent  (Figs.  050  and  651). 

Tongue. — For  practical  purposes,  as  well  as  on  (Uvelopmental  and  structural 
grcHinds,  it  is  convenient  to  divide  the  tongue  into  an  anterior  two-thirds — 
the  oro-glossus,  and  a  posterior  third — the  pharyngo-glossus  (Wingrave),  Fig.  640. 
At  the  junction  (»f  the  two  portions,  immediately  Itehind  the  median  circumvallate 
])apilla,  is  the  foramen  caecum,  which  represents  the  remains  of  the  upper  or 
])liaryngeal  extremity  of  the  thyro-glossal  duct.  Congenital  cysts  and /z's^mZo;  which 
develop  from  unobliterated  portions  of  this  duct  are  always  mesial ;  those  arising 
from  the  u])per  or  lingual  portion  of  the  duct  are  situated  lietween  the  genio-hyo- 
glossi,  whereas  those  developed  from  the  lower  or  tliyroid  portion  are  situated 
Ijelow  the  hyoid  bone. 

Tlie  mucous  membrane  covering  the  ])liaryngo-glossus  is  much  more  sensitive 
than  that  covering  the  oro-glossus,  lience  in  using  a  tongue  depressor  the  instru- 
ment should,  exceY)t  under  special  circumstances,  rest  only  upon  the  latter  region, 
otherwise  a  refiex  arching  of  the  tongue  will  be  set  up,  which  prevents  the  fiperator 
from  obtaining  a  satisfactory  view  of  the  throat.  iScattered  over  the  pharyngo- 
glossus  are  clusters  of  lymphoid  follicles  (lingual  tonsils),  which  appear  on  the 
surface  as  a  number  of  nodular  umbilicated  elevations  provided  with  little  crypts 
into  which  inucous  glands  open  (Fig.  64i).  The  lingual  tonsils  are  liable  to 
chronic  inflammation  and  hypertrophy,  conditions  which  are  often  accompanied  by 
a  varicose  condition  of  tlie  veins  whicli  lie  immediately  beneath  the  mucous  mem- 
brane containing  the  palato-glossus  muscle.  To  obtain  a  satisfactctry  view  of  the 
lingual  tonsils  in  the  living  subject  the  laryngosco]»ic  mirror  must  l)e  employed. 

The  muscular  bundles  of  the  tongue  are  separated  by  a  quantity  of  loose  con- 
nective tissue,  ricli  in  ))lood-vessels  and  lymphatics  (Fig.  644):  hence  acute  in- 
llammatory  (edema  of  the  substance  of  the  tongue  may  be  attended  with  a  degree 
of  swelling  sufficient  to  obstruct  the  respiratory  passage. 

The  main  blood-vessels  of  the  tongue  run  from  liehind  forwards,  nearer  its 
under  than  its  upper  surface ;  incisions  into  the  substance  of  the  tongue  to  reduce 
swelling  and  tensifm  should,  therefore,  be  made  longitudinally  upon  the  dorsum. 
Bleeding  from  the  lingual  artery,  divided  in  the  substance  of  the  tongue,  is 
tem])orarih'  arrested  by  passing  the  finger  liehind  the  base  of  the  tongue  and  hook- 
ing it  well  forward,  so  as  to  compress  the  \'essel  against  the  inner  surface  of  the 
lower  jaw.  On  account  of  the  very  slender  anastomosis  lietween  the  vessels  of  the 
two  halves  of  the  tongue  scarcely  any  bleeding  occurs  when  the  organ  is  split 
mesially. 

Between  the  tongue  and  tlie  inner  surface  of  the  gums  is  the  alveole-glossal 
sulcus,  crossed  in  the  middle  line  by  the  frenum  linguae,  which  passes  upwards 
to  the  under  surface  of  the  tongue  TFig.  ()4."i).  Immediately  on  either  side  of  the 
lower  part  of  the  frenum  is  the  orifice  of  Wharton's  duct.  A  little  external  to  the 
frenum  the  ranine  veins  are  seen  lying  immediately  under  the  thin  mucous  mem- 
brane ;  to  the  outer  side  of  the  veins  are  the  ranine  arteries  and  the  lingual  ner^'es, 
Ixjth  of  which  lie  deeper  than  the  veins,  and  are  therefore  not  visible. 

The  mucous  memlirane  at  the  anterior  part  of  the  floor  of  the  alveolo-glossal 
sulcus  is  thrown  into  a  slight  elevation,  which  overlies,  and  is  caused  by,  the 
sublingual  salivary  gland.  Tlie  duct  of  the  submaxillary  gland  (Wharton's  duct) 
and  tlie  lingual  nerve  lie  l)oneath  and  to  the  inner  side  of  the  sulilingual  glaiul, 
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In  dividing  a  shortened  frenum  for  "tongue-tie"  the  ranine  vessels  and  the  orifices  of 
Wiiarton's  ducts  must  be  avoided.  Behind  the  frenum  lingufe  are  the  anterior  borders  of 
the  genio-hyo-glossi,  which  descend  to  the  upf)er  genial  tubercles.  In  operations  necessitat- 
ing the  removal  of  tlie  region  of  the  symphysis  of  the  jaw,  or  the  separation  of  the  origins 
of  the  genio-hyo-glossi,  the  tongue  must  be  kept  forward,  otherwise  the  patient  will  be 
suffocated  by  the  organ  falling  backwards  over  the  entrance  to  the  laiynx.  In  removing 
a  small  salivary  calculus  from  the  floor  of  the  mouth  the  calculus  sliould  be  fixed  with  the 
finger  against  the  inner  surface  of  the  jaw  before  cutting  down  upon  it.  " 

When  the  teeth  are  clenched  the  vestibule  of  tlie  mouth  coniniunicates  behind 
the  last  molars  with  the  oral  cavity  proper  through  an  openhig  which  barely 
admits  a  medium-sized  catheter.  Hence,  when  the  jaws  cannot  be  separated  it  is 
generally  necessary  to  feed  the  patient  through  a  tube  passed  along  the  tloor  of  the 
nose. 

By  opening  the  mouth  widely  and  taking  a  deep  inspiration,  the  soft  palate  is 
elevated,  and  the  anterior  and  posterior  pillars  of  the  fauces  are  rendered  prominent 
(Fig.  638).  The  anterior  pillars  are  seen  to  spring  from  the  anterior  surface  of  the 
soft  palate,  close  to  the  base  of  the  uvula,  and  to  arch  downwards  and  outwards  in 
front  of  the  tonsils  to  end  at  the  posterior  extremity  of  the  lateral  border  of  the 
tongue.  The  posterior  pillars  are  really  the  continuation  of  the  lower  free  border  of 
the  soft  palate  downwards  liehind  the  tonsils  to  become  attached  to,  and  lost  upon, 
tlie  postero-lateral  wall  of  the  pharynx.  Together  with  the  lower  edge  of  the  soft 
palate  and  the  base  of  the  tongue  they  bound  a  hemispherical  opening  (isthmus 
faucium),  through  which  is  visible  the  oral  portion  of  the  mucous  membrane  cover- 
ing the  posterior  wall  of  the  pharynx. 

The  faucial  tonsils  lie  one  on  each  side  of  the  isthmus,  between  the  anterior  and 
posterior  pillars  of  the  fauces ;  they  are  situated  opposite  the  angle  of  the  jaw, 
but  they  cannot  be  felt  from  the  outside.  Each  tonsil  is  covered  on  its  free 
surface  by  mucous  membrane  upon  which  are  seen  the  orifices  of  the  tonsillar 
crypts  ;  the  outer  or  deep  surface  is  covered  by  a  layer  of  fibrous  tissue  which  forms 
an  imperfect  capsule  to  the  organ.  According  to  Merkel,  the  internal  carotid 
artery  is  situated  I'o  cm.  behind  the  outer  margin  of  the  tonsil,  which  is 
separated  from  the  superior  constrictor  by  a  quantity  of  loose  cellular  tissue 
and  fat,  so  that  the  gland  can  be  grasped  with  a  volsellum  and  pulled  forward 
without  dragging  the  vessel  with  it.  The  tonsil  receives  its  Uood-supj^ly 
mainly  from  a  small  vessel  derived  from  the  anterior  palatine  artery ;  when 
this  branch  is  larger  than  usual  and.  adherent  to  the  capsule  of  the  tonsil  the 
l)leeding  which  attends  the  operation  of  removal  of  the  tonsils  may  be  consider- 
able. The,  haemorrhage  can  be  arrested  by  pressing  the  bleeding  point  outwards 
against  the  internal  pterygoitl  and  the  ramus  of  the  jaw.  If  the  bleeding  be  froin 
a  spurting  vessel  of  larger  size,  its  source,  according  to  Merkel,  is  probably  the 
facial  artery,  which  has  been  wounded  as  it  arches  iipwards  beneath  the  digastric 
and  stylo-hyoid  muscles  to  within  a  short  distance  from  the  outer  surface  of  the 
tonsil.  In  children  and  adolescents  the  tonsils  are  frequently  hypertro]ihied  ;  the 
enlargement  may  be  either  general,  more  towards  the  middle  line,  downwards  along 
the  pharynx,  or  upwards  l)ehind  the  soft  palate;  to  expose  and  thoroughly  remove 
the  last-mentioned  variety  of  enlargement  the  upper  part  of  the  anterior  pillar  of 
the  fauces  must  be  divided. 

The  mucous  membrane  and  the  periosteum  of  the  hard  palate  are  so  closely 
united  as  to  form  practically  one  membrane.  The  posterior  palatine  arteries,  after 
leaving  the  posterior  palatine  foramina,  run  forward  in  shallow  grooves  in  the 
hard  palate,  close  to  its  alveolar  margin.  In  the  operation  for  cleft  palate 
(staphylorrapl!]/),  in  order  to  secure  nourishment  for  the  mnco-periosteal  flaps,  the 
lateral  incisions  should  be  made  external  to  these  vessels. 

Secondary  hfemorrhage  after  the  operation  for  cleft  palate  is  treated  by  plugging  the 
posterior  palatine  foramen,  which  lies  a  little  internal  to  the  last  molar  tooth  about 
j^-  in.  in  front  of  the  hamular  process,  which  can  be  felt  at  the  upper  extremity  of  the  fold 
of  mucous  membrane  containing  the  pterygo-maxillarv  ligament.  In  tlie  closure  of 
a  wide  cleft  of  the  soft  ]ialate  the  tension  of  the  tensor  palati  muscle  is  got  rid  of 
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by  chipping  off  the  hamular  process  witli  a  small  chisel  introduced  at  tiie  posterior 
extremity  of  the  latei'al  relief  incisions. 

Naso-pharynx. — To  explore  the  upper  or  nasal  division  of  the  pharynx  the 
finger  should  be  hooked  upwards  behind  the  soft  palate.  Anteriorly,  the  finger 
readily  detects  the  sharp  posterior  border  of  the  vomer,  the  posterior  nares,  and  the 
posterior  extremity  of  the  middle  and  inferior  turbinals.  The  roof  of  the  space  is 
formed  by  the  basilar  process  of  the  occipital  bone,  while  upon  the  posterior  vmll  is 
a  transverse  bony  ridge  caused  by  the  projection  of  the  anterior  arch  of  the  atlas. 
Upon  the  lateral  rvalls  of  the  naso-pharynx  are  the  openings  of  the  Eustachian 
tubes,  situated  |  in.  behind  the  posterior  extremities  of  the  inferior  turl)inals  (Firr. 
639).  The  orifices,  1)ounded  superiorly  and  posteriorly  by  a  prominent  margin,  are 
directed  downwards  and  forwards,  and,  therefore,  in  a  direction  favourable  to  the 
passage  of  the  Eustachian  catheter.  Behind  the  prominent  posterior  margin  of  the 
orifice  is  a  lateral  recess  of  the  pharynx  known  as  the  fossa  of  Rosenmiiller,  in  which 
the  point  of  the  Eustachian  catheter  is  apt  to  become  engaged.  Upon  the  roof  and 
posterior  wall  of  the  pharynx,  down  to  the  level  of  the  anterior  arch  of  the  atlas, 
and  extending  laterally  as  far  as  the  Eustachian  orifices,  is  a  collection  of  adenoid 
tissue,  the  pharyngeal  tonsil.  Hypertrophy  of  this  tissue  constitutes  the  condition 
known  as  "  adenoids"  the  harmful  effects  of  which  are  due  to  their  interference 
with  nasal  respiration.  Upon  the  centre  of  the  pharyngeal  tonsil  is  an  orifice 
leading  into  a  small  recess  into  which  numerous  mucous  glands  open.  The 
structures  felt  in  the  post-nasal  space  may  be  rendered  visible  by  reflecting  the 
light  upon  a  small  mirror  placed  immediately  behind  and  below  the  soft  palate 
{posterior  rhinoscopy).  The  lower  part  of  the  inferior  turbinal  is  obscured  from 
view  by  the  bulging  of  the  upper  surface  of  the  soft  palate. 

In  plugging  the  j^osterior  nares,  it  is  important  to  rememlier  that  these  openings 
measure  nearly  one  inch  in  the  vertical  and  half  an  inch  in  the  transverse  direction. 
In  the  child,  owing  to  the  small  size  of  the  face,  the  vertical  diameter  of  the  naso- 
pharynx is  relatively  much  smaller  than  in  the  adult. 

The  lymphatics  of  the  pharynx  join  the  upper  deep  cervical  glands,  one  of  whicli 
lies  internal  to  the  carotid  vessel  between  the  lateral  recess  of  the  pharynx  and 
the  prevertebral  fascia.  In  children  suppuration  originating  in  this  gland  is  the 
commonest  cause  of  a  retro-pharyngeal  abscess. 

In  the  adult  the  four  upper  cervical  vertebrfe  can  be  explored  from  the  mouth, 
while  in  the  child  the  finger  can  also  reach  as  far  down  as  the  sixth  vertebra  and  the 
back  of  the  cricoid  cartilage. 

THE  NECK. 

The  general  envelope  of  deep  cervical  fascia,  along  with  the  processes  and  partitions 
which  proceed  from  its  deep  sm-face,  subdivides  the  neck  into  compartments  which 
limit  and  determine  the  spread  of  pus.  The  most  important  compartment  is  the 
central  or  visceral  compartment,  bounded  anteriorly  by  the  pretracheal  fascia,  pos- 
teriorly by  the  prevertebral  fascia,  and  laterally  by  the  fascia  forming  the  vascular 
compartment.  Posteriorly,  this  compartment  extends  from  the  base  of  the  skull 
downwards  into  the  posterior  mediastinum ;  anteriorly,  it  extends  from  the  hyoid 
bone  into  the  anterior  part  of  the  superior  mediastinum.  Abscesses  in  the  visceral 
compartment  are  either  secondary  to  disease  of  the  organs  it  contains,  or  the  result 
of  a  primary  suppurative  cellulitis.  A  tubercular  abscess  originating  in  one  of  the 
retropharyngeal  lymphatic  glands  lies  in  front  of  the  prevertebral  fascia,  and  points 
towards  the  posterior  wall  of  the  pharynx ;  abscesses  secondary  to  disease  of  the 
cervical  vertebrte  lie  behind  the  prevertebral  fascia,  and  spread  laterally  behind 
the  vascular  compartment ;  they  point  behind  the  sterno-mastoid,  and  should  be 
opened  through  an  incision  at  the  posterior  border  of  the  muscle,  the  surgeon 
keeping  to  the  anterior  aspect  of  tlie  transverse  processes  in  order  to  avoid  the 
structures  in  the  vascular  compartment  (Chiene). 

In  front  of  the  visceral  compartment  is  a  small  muscular  compartment  containing 
the  depressor  muscles  of  the  hyoid  l>one ;  anterior  to  it  again,  in  the  region  of  th(! 
supra-sternal  notch,  is  the  small  supra-sternal  compartment,  coutaiuiug  tli(>  lower 
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part  of  the  anterior  jugular  veins  along  with  their  transverse  communicating 
branch,  a  little  fat,  and  one  or  two  lymphatic  glands. 

The  vascular  compartment,  triangular  in  section,  is  bounded  anteriorly  by  the 
general  fascial  envelope,  which  splits  at  the  onio-hyoid  to  enclose  the  depressors  of 
the  hyoid  bone ;  posteriorly  by  the  prevertebral  fascia ;  internally  by  the  visceral 
compartment ;  externally  by  the  meeting  of  the  prevertebral  fascia  and  the  pos- 
terior layer  of  the  sterno-niastoid  sheath.  This  compartment  contains  the  carotid 
vessels,  and  the  internal  jugular  vein,  and  the  following  nerves,  viz. :  the  vagus, 
the  first  part  of  the  hypoglossal,  the  descendens  hypogiossi,  and  the  upper  part  of 
the  spinal  accessory.  The  carotid  chain  of  lymphatic  glands  lies  in  the  cellular 
tissue  which  connects  the  various  structures  in  the  compartment ;  normally  they 
may  be  readily  separated  from  the  sheath  of  the  internal  jugular  vein,  to  which. 


Facial  arterj 
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Bifurcation  of  common  carotid  artery 

Sterno-mastoid 

Carotid  tubercle.^ 

Apex  of  lung  j. 
Brachial  plexus 

Subclavian  arter 
Acromial  end  of  clavicle 
Lesser  tuberosity  of 
Immerus^ 
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Greater  tuberosity 
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however,  they  l)ecome  adherent  when  inflamed.  A  glandular  abscess  in  this  com- 
partment usually  points  upon  the  surface,  adhesions  being  formed,  first,  between 
the  gland  and  the  fascia,  and,  subsequently,  between  the  latter  and  the  cutaneous 
structures.  In  diffuse  suppurative  cellulitis  of  this  compartment  the  pus  burrows 
towards  the  root  of  the  neck,  and  may  reach  either  the  mediastinum  or  the  axilla. 

Middle  Line  of  the  Neck. — The  Ijody  of  the  hyoid  bone  divides  the  middle  line 
of  the  neck  into  supra-  and  infra-hyoid  portions.  Abo\  e  the  hyoid  bone  is  the  sub- 
mental triangle,  with  its  apex  at  the  lower  border  of  the  symphysis  menti  and  its 
sides  formed  by  the  anterior  bellies  of  the  digastrics.  In  the  floor  of  the  triangle 
are  the  anterior  portions  of  the  mylo-hyoid  muscles,  separated  by  the  median 
raph(^.  The  most  important  structures  in  the  triangle  are  the  supra-hyoid 
lymphatic  glands,  which  can  usually  1)0  felt  a  little  above  the  body  of  tln^  liyoid 
bone.    They  are  a  i'requeut  s(>al-  of  abscess  secondary  to  impetigo  of  the  lower  lip 
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and  chill.  About  1  in.  below  the  hyoid  bone  is  the  pomum  Adami,  more  pvoiiiiiient 
in  tlie  male  than  in  the  female.  On  either  side  of  the  pomum  Adami  are  the  ahe 
of  the  tliyroid  cartilage,  while  between  the  latter  and  the  hyoid  bone  is  the  thyro- 
hyoid membrane.  In  the  operation  of  sub-hyoid  pharymjotmny  the  epiglottis  and 
the  superior  opening  of  the  larynx  are  reached  by  passing  through  the  anterior 
wall  of  the  pharynx  at  the  level  of  the  thyro-hyoicl  membrane.  The  structures 
divided  from  without  inwards  are :  the  integuments,  the  sterno-hyoid,  omo-hyoid, 
and  thyro-hyoid  muscles,  the  middle  j)ortion  of  the  thyro-hyoid  membrane,  along 
with  a  layer  of  fat  between  it  and  the  lower  part  of  the  epiglottis,  and,  finally, 
the  giosso-epiglottideaii  ligament  and  fold  of  mucous  membrane.  The  incision 
must  not  be  extended  too  far  on  either  side  of  the  mesial  plane  for  fear  of 
wounding  the  superior  laryngeal  vessels  and  nerve  which  jiierce  the  thin  lateral 
portions  of  the  thyro-hyoid  membrane. 

The  wound  ill  suicidal  rut-thnntt  is  gcucnilly  :it  tliis  ]i'\-el.  Tlic  moi-c  iiiijxii'tant  structuivs 
wliicli  are  usually  divided  are  :  more  or  less  of  the  left  steriio-iiiastoid  nmscle,  the  superior 
thyroid  ves.sels,  the  thyro-hyoid  membrane,  the  base  of  the  epiglottis,  and,  less  frequently,  the 
carotid  vessels,  the  internal  jugular  vein,  and  the  superior  laryngeal  nerve.  When  the  wound 
is  aljove  the  hyoid  bone,  the  lingual  and  facial  vessels  and  the  muscles  of  the  tongue  are  the 
more  imjiortant  structures  injure(l. 

At  the  level  of  the  middle  of  the  anterior  border  of  the  thyroid  cartilage  is  the 
rima  glottidis.  A  little  more  than  an  inch  below  the  pomum  Adami  is  the 
anterior  arch  (»f  the  cricoid  cartilage,  which  may  be  readily  felt,  and,  when  the  neck 
is  extended,  often  seen  ;  it  lies  a  little  lielow  a  point  midway  between  the  lower 
margin  of  the  chin  and  the  upper  border  of  the  sternum.  Above  the  cricoid  is  the 
crico-thyroid  membrane :  in  the  operation  of  laryngotomy  only  the  middle  portion 
of  the  membrane  is  divided,  in  order  to  avoid  injury  to  the  crico-thyroid  muscles. 
The  small  c;ri(;o-tliyroid  liranch  of  the  superior  thyroid  artery  lies  close  to  the 
lower  ))order  of  the  thyroid  cartilage.  Below  the  cricoid  cartilage  is  the  trachea, 
wliich  recedes  as  it  descends,  so  that  it  lies  11  in.  from  the  surface  at  tlie  level  of 
the  upper  border  of  the  sternum.  The  isthmus  of  tlie  thyroid  gland  lies  in  front  of 
the  second,  third,  and  fourth  rings  of  the  trachea  (Fig.  789);  not  infrequently, 
however,  it  reaches  up  to  the  cricoid.  Immediately  in  front  of  the  trachea,  lielow 
tlie  isthmus  of  the  thyroid,  is  the  pretracheal  fat,  containing  one  or  two  lymphatic 
glands  and  the  inferior  thyroid  veins,  each  represented  by  one  or  more  branches  which 
converge  as  tliey  desceiul.  In  the  adult  the  innominate  artery  crosses  the  front  of 
the  trachea  at  the  level  of  the  upper  border  of  the  sternum;  in  the  child,  how- 
ever, it  not  infrequeJitly  crosses  half  an  incli  higher,  a  relation  which  must  he 
remembered  in  performing  the  operation  of  low  tracheotomy. 

in  the  operation  of  high  tracheotomy  the  upper  tliree  rings  of  tlie  trachea  are  divided. 
The  incision,  wliicli  should  be  mesial,  divides  the  integuments,  the  tributaries  of  tiic 
anterior  jugular  veins,  the  general  envelope  of  decii  cervical  fascia,  and,  after  passing 
between  the  depressor  muscles  of  the  hyoid  bone,  the  pretracheal  fascia,  whicli  descends 
from  the  cricoid  to  enclose  the  isthmus  of  the  tliyroid  gland.  By  dividing  this  fascia 
transversely  below  the  cricoid,  the  isthmus  may  be  pulled  downwards  and  the  upper  rings 
of  the  trachea  exposed.  In  some  cases  it  is  necessary  either  to  divide  the  isthmus  or  to 
extend  the  incision  upwards  through  the  cricoid  cartilage.  \n  opening  the  trachea,  the 
edge  of  the  knife  should  be  directed  upwards  so  as  to  avoid  injuring  the  vessels  at  the 
upper  border  of  the  isthmus.  The  anterior  jugular  veins  are  in  danger  of  being  wounded 
if  the  skin  incision  is  not  strictly  mesial.  In  low  tracheotomy  tlie  trachea  below  the 
isthmus  is  opened ;  it  is  a  more  troublesome  operation  on  account  of  the  dejitli  of  the 
trachea  and  the  presence  in  front  of  it  of  the  large  inferior  thyroid  veins  and  of  tlie  trans- 
verse anterior  jugular  vein.  In  children  the  difficulty  is  increased  by  the  higher  position 
of  the  innominate  artery  and  left  innominate  vein,  by  the  presence  of  the  thymus  gland, 
and  by  the  shortness  of  the  neck. 

Triangles  of  the  Neck.-  The  lateral  aspect  of  the  neck  may  be  divided  into 
an  anterior  and  a  posterior  triangle  by  the  sterno-mastoid  muscle ;  the  former 
is  further  subdi\  ided  into  difjfisfr/c,  carotid,  and  muscular  triangles  liy  the  digastric 
and  omo-hyoid  muscles.  Tlie  ]iosterior  triangle  is  subdi\'ided  into  orcipifaJ  and 
clavicular  portions  by  the  posterior  lielly  of  tlie  onio-hyoid. 
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'JMie  sterno-mastoid  muscle  rurms  one  of  tho  mast  iinportanl  supeitici;il  laiul- 
luarks  of  IIr'  neck.    'IMic  anterior  border  of  tlu;  imiwele,  tlie  more  distinct  of  tlie 
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Fio.  800. — Lateral  Aspect  of  Neck. 

two,  may  be  felt  along  its  whole  extent.  Between  the  prominent  sternal  origin 
and  the  broad  ribbon-like  clavicular  origin  is  a  slight  triangular  depression  whicli 
overlies  the  lower  part  of  the  internal  jiigular  vein. 

Digastric  Triangle. — This  triangle  is  subdivided  into  an  anterior  or  sub- 
maxillary portion  and  a  posterior  or  parotid  portion  liy  the  stylo-maxillary  liga- 
ment. In  the  anteri(»r  portion  is  the  submaxillary  gland,  which  extends  fixim  the 
posterior  half  of  the  lower  border  of  the  mandible  to  the  great  cornu  of  the  hyoid 
bone.  The  facial  vein  passes  downwards  and  backwards  superficial  to  the  gland, 
while  the  facial  artery,  imbedded  in  its  deep  surface,  arches  upwards  under  cover 
of  the  angle  of  the  jaw,  where,  according  to  Merkel,  it  approaches  the  tonsil,  being 
separated  fnim  it,  however,  by  the  superior  constrictor  of  the  pharynx.  The 
lingual  artery  may  be  ligatured  in  the  digastric  triangle,  where  it  lies  behind  the 
hyo-glossus  a  little  above  the  great  cornu  of  the  hyoid  bone ;  the  superficial  guides 
to  the  vessel  are  the  lower  border  of  the  submaxillary  gland,  and  the  hypoglossal 
nerve  and  lingual  vein,  which  lie  u])on  the  hyo-glossus,  the  latter  being  recognised 
by  the  vertical  direction  of  its  fibres.  The  floor  of  the  digastric  triangle  is  formed, 
from  before  backwards,  Ijy  the  mylo-hyoid,  hyo-glossus,  and  superior  constrictor 
of  the  pharynx.  The  lymphatic  glands  of  this  space  receive  their  lymphatics  from 
the  face  and  mouth,  including  the  tongue  and  teeth.  Primary  su])purative  cellu- 
litis of  the  connective  tissue  of  this  space  is  called  angina  Ludoviei. 

Carotid  Triangle. — The  central  landmark  of  this  triangle  is  the  great  cornu  of 
the  hyoid  bone,  the  tip  of  which,  when  the  fascia  is  relaxed,  may  be  readily  felt 
immediately  in  front  of  the  anterior  border  of  the  sterno-mastoid,  at  a  point  corre- 
sponding to  the  centre  of  a  line  drawn  from  the  tip  of  the  mastoid  process  to  the 
pomum  Adami.  The  deep  cervical  fascia  holds  the  upper  part  of  the  sterno- 
mastoid  forwards  towards  the  angle  of  the  jaw,  so  that,  with  the  fascia  undivided, 
the  anterior  border  of  the  sterno-mastoid  overlaps  the  internal  jugular  x  eiii  and 
the  bifurcation  of  the  common  carotid  arterv. 
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Tlic  course  of  the  carotid  vessels  is  iiidicak'd  upon  Uic  suri'acL!  by  a  line  oxkuuling 
from  the  upper  end  of  the  steriio-clavicular  articulation  to  a  point  luidway  between 
the  angle  of  the  jaw  and  tlie  tip  of  the  mastoid  process ;  a  point  upon  this  line, 
at  the  level  of  the  upper  border  of  the  thyroid  cartilage,  overlies  the  bifurcation 
of  the  common  carotid.  The  anterior  belly  of  the  omo-hyoid  crosses  the  common 
carotid  at  the  le^'el  of  the  cricoid  cartilage.  The  pidsations  of  the  carotid  vessels 
may  be  felt  in  the  hollow  between  the  larynx  and  the  anterior  border  of  the  sterno- 
mastoid.  In  the  carotid  triangle  the  external  carotid  lies  internal  and  anterior 
to  the  internal  carotid.  The  seat  of  election  for  ligation  of  the  external  carotid 
is  between  its  superior  -thyroid  and  lingual  branches,  a  finger's  breadth  below  the 
tip  of  the  great  cornu  of  the  hyoid  bone ;  the  difficulty  in  the  operation  is  due  to 
the  plexus  of  veins  (formed  by  the  common  facial,  lingual,  and  superior  thyroid 
veins)  which  overlies  the  artery.  The  lingual  and  facial  arteries  frequently  arise 
from  a  common  trunk  which  must  not  be  mistaken  for  the  external  carotid.  The 
superior  thyroid  artery  arises  opposite  the  upper  cornu  of  the  thyroid  cartilage,  which 
may  be  distinctly  felt  1  in.  Ijelow  the  tip  of  the  great  cornu  of  tlie  hyoid  bone. 
The  vessel  and  its  companion  vein  are  common  sources  of  luemorrhage  in  cut-throat. 
The  guide  to  the  lingual  artery,  in  the  carotid  triangle,  is  tlie  tip  of  the  great  cornu 
of  the  hyoid  bone,  al)ove  which  it  forms  an  arch,  crossed  hy  the  liypoglossal  nerve. 
The  vessel  enters  the  digastric  triangle  l^y  passing  beneath  the  tendons  of  the 
stylo-hyoid  and  digastric  muscles.  When  ligation  of  the  artery  is  called  for,  it  is, 
as  a  rule,  preferable  to  secure  it  in  the  carotid  rather  than  the  digastric  triangle. 

From  a  surgical  point  of  view  the  internal  jugular  vein  is  the  ir^ost  important 
structure  in  the  anterior  triangle.  In  the  carotid  division  of  the;  triangle  it  over- 
laps the  carotid  vessels,  and  its  sheath  lies  close  beneath  the  general  envelope  of 
deep  cervical  fascia.  About  the  level  of  the  hyoid  bone  it  receives  the  large  common 
facial  vein,  and  it  is  the  glands  in  the  neighbourhood  of  those  which  overlie  the 
junction  of  this  vein  with  the  internal  jugular  that  are  most  frequently  the  seat 
of  tubercular  disease,  because  they  receive  such  a  large  number  of  the  lymphatics 
of  the  head,  hoth  superficial  and  deep. 

The  hypoglossal  nerve  curves  forwards  across  the  carotid  vessels  at  the  level  of 
the  lower  border  of  the  posterior  belly  of  the  digastric.  The  vagus  nerve  descends 
vertically  behind  and  between  the  carotid  vessels  and  the  internal  jugular  vein  ; 
care  must  be  taken  not  to  include  it  when  ligaturing  the  common  carotid  or 
internal  jugular.  Surgically,  the  spinal  accessory  is  the  most  important  nerve  in 
the  anterior  triangle;  it  enters  the  substance  of  the  sterno-mastoid  muscle  1\  in. 
below  the  tip  of  the  mastoid  process.  A  portion  of  the  nerve  is  resected  in  the 
treatment  of  spasmodic  wry-neck,  and  it  is  almost  always  exposed  in  the  removal 
of  the  upper  carotid  group  of  deep  cervical  glands.  The  course  of  the  nerve 
may  be  mapped  out  upon  the  surface  by  drawing  a  line  from  a  point  midway 
between  the  tip  of  the  mastoid  process  and  the  angle  of  the  jaw  to  the  middle  of 
the  posterior  border  of  the  sterno-mastoid  muscle,  and  thence  across  the  posterior 
triangle  to  the  anterior  border  of  the  trapezius,  beneath  which  it  passes  at  the 
level  of  the  seventh  cervical  spine.  The  deeper  guides  to  the  nerve  are  the 
posterior  belly  of  the  digastric,  the  internal  jugular  vein,  and  the  transverse 
process  of  the  atlas,  which  is  felt  as  a  distinct  bony  landmark  midway  between 
the  tip  of  the  mastoid  and  the  angle  of  the  jaw.  The  cervical  sympathetic  lies 
in  the  posterior  wall  of  the  vascular  compartment  of  the  neck,  and  may  be 
reached  by  an  incision  along  the  posterior  border  of  the  sterno-mastoid :  the 
anterior  surfaces  of  the  roots  of  the  transverse  processes  of  the  vertebrce  are  the 
deep  guides  to  the  nerve.  The  cervical  plexus,  which  lies  behind  the  upper  half 
of  the  sterno-mastoid  upon  the  levator  anguli  scapula?  and  scalenus  medius 
muscles,  may  be  exposed  through  an  incision  along  the  posterior  border  of  the 
upper  half  of  the  sterno-mastoid  muscle.  The  phrenic  nerve,  the  most  important 
branch  of  the  cervical  plexus,  arises  one  inch  above  the  carotid  tubercle  and 
descends  almost  vertically  upon  the  scalenus  anticus ;  it  is  overlapped  by  the 
outer  margin  of  the  internal  jugular  vein. 

The  muscular  or  lower  carotid  triangle  is  an  important  triangular  inter- 
muscular space  bounded  by  the  anterior  border  of  the  sterno-mastoid,  the  anterior 
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Lelly  of  the  oino-hyoid  and  the  stcriio-hyoid.  B}'  luakiug  an  incision  along  the 
left  anterior  border  of  the  sterno-mastoid  muscle,  and  passing  through  this  triangle, 
the  surgeon  reaches,  in  order  from  before  backwards,  the  internal  jugular  A^ein,  the 
common  carotid  artery,  the  vagus,  the  thoracic  duct  (on  the  left  side),  the  middle 
cervical  ganglion  of  the  sympathetic,  the  inferior  thyroid  artery,  the  verte])ral  vessels, 
the  recurrent  laryngeal  nerve,  and  the  oesophagus.  The  most  important  ])ony  land- 
mark in  this  triangle  is  the  prominent  anterior  tubercle  of  the  transverse  process 
of  the  sixth  cervical  vertebra.  The  common  carotid  artery  may  be  compressed 
against  this  tubercle,  which  is  therefore  termed  the  "  carotid  tubercle."  As  it  is 
the  most  important  guide  to  the  vertebral  artery,  which  enters  the  foramen  in  its 
transverse  process,  it  is  often  referred  to  as  the  "  vertebral  arterial  titbercle." 

In  operations  in  this  region,  on  the  left  side,  it  is  important  to  avoid  the 
thoracic  duct,  which  extends  upwards  into  the  neck  1  in.  vertically  above  the 
inner  end  of  the  clavicle,  and,  after  arching  outwards  behind  the  common  carotid, 
descends  behind  the  lower  inch  of  the  internal  jugular  vein. 

The  cervical  portion  of  the  oesophagus,  which  begins  at  the  level  of  the  cricoid 
cartilage,  descends  behind,  and  a  little  to  the  left  of,  the  trachea.  To  expose  it,  the 
surgeon,  after  passing  through  the  above-mentioned  muscular  triangle,  passes 
between  the  trachea  and  the  carotid  sheath.  In  opening  the  oesophagus  care  must 
be  taken  not  to  injure  the  recurrent  laryngeal  nerve  which  ascends  in  the  groove 
between  it  and  the  trachea,  and  also  that  the  loose  submucous  cellular  interval  must 
not  be  mistaken  for  the  lumen  of  the  tube.  The  recurrent  laryngeal  nerve  must 
l»e  avoided  also  in  operations  connected  with  the  thyroid  gland  ;  it  is  most  liable  to 
lie  injured  during  the  application  of  a  ligature  to  the  inferior  thyroid  artery,  which 
arches  inwards  in  front  of  the  nerve  to  reach  the  posterior  surface  of  the  gland. 

The  Posterior  Triangle. — Imbedded  in  the  deep  cervical  fascia  at  the  posterior 
border  of  the  sterno-mastoid  muscle,  is  a  chain  of  lymphatic  glands  which  lies  in 
close  relation  to  the  branches  of  the  cervical  plexus ;  these  glands  are  a  frequent 
source  of  abscess  in  pediculosis  and  impetigo  of  the  scalp.  The  posterior  belly  of 
the  omo-hyoid,  which  forms  the  upper  boundary  of  the  supraclavicular  division  of 
the  posterior  triangle,  passes  beneath  the  posterior  border  of  the  sterno-mastoid  at 
a  point  about  1  in.  above  the  clavicle.  The  external  jugular  vein,  usually  visible 
through  the  skin,  runs  in  a  line  from  the  angle  of  the  jaw  to  the  middle  of  the 
clavicle  ;  it  is  the  vessel  which  is  generally  opened  to  relieve  the  right  side  of  the 
heart  in  asphyxia.  The  lumen  of  the  vein  is  kept  patent  where  it  pierces  the  fascia 
of  the  subclavian  triangle  ;  hence  a  wound  of  the  vein  in  this  situation  is  liable  to 
1)0  followed  by  the  suction  of  air  into  the  circulation  during  inspiration.  The  third 
part  of  the  subclavian  artery  can  be  compressed  against  the  first  rib  by  pressing 
downwards  and  backwards  immediately  above  the  clavicle,  a  little  behind  the 
posterior  border  of  the  sterno-mastoid  muscle.  To  map  out  the  course  of  the  sub- 
clavian artery  in  the  neck,  draw  a  line,  convex  upwards,  from  the  upper  border  of 
the  sterno-clavicular  articulation  to  the  middle  of  the  clavicle,  the  highest  part  of 
the  arch  to  reach  from  ^  to  1  in.  above  the  bone.  To  ligature  the  vessel  in  the  third 
part  of  its  course,  an  angular  incision  is  made  along  the  middle  of  the  upper  border 
of  the  clavicle  and  the  lower  part  of  the  posterior  border  of  the  sterno-mastoid  muscle. 
The  most  important  guides  to  the  vessel  are  the  posterior  belly  of  the  omo-hyoid, 
the  outer  border  of  tlie  scalenus  anticus,  and  the  scalene  tubercle  of  the  first  rib. 
The  close  relation  of  the  vessel  to  the  lowest  trunk  of  the  brachial  plexus  and  to 
the  cervical  pleura  must  be  kept  in  mind.  In  the  rare  instances  in  which  a 
cervical  rib  is  present  the  subclavian  artery  lies  either  in  front  of  it,  or  arches 
above  it,  according  to  the  degree  of  development  of  the  rib.  The  subclavian  vein 
lies  below,  and  anterior  to  the  artery,  altogether  under  cover  of  the  clavicle. 

Entering  the  posterior  triangle  from  behind  the  outer  border  of  the  scalenus 
anticus  are  the  trunks  of  the  brachial  plexus.  They  lie.  upon  the  scalenus  medius, 
and  can  be  felt  through  the  skin  immediately  above  and  behind  the  third  part  of 
the  subclavian  artery.  The  carotid  tubercle  lies  between  the  anterior  primary 
divisions  of  the  sixth  and  seventh  cervical  nerves.  The  fifth  cervical  nerve  is  that 
which  suffers  most  when  the  plexus  is  injured  by  forcible  extension  upwards  of  the 
arm,  such  as  occurs,  for  instance,  in  the  "  Obstetrical  Paralyses  "  of  Duchenne. 
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ill  the  iTiiddle  line  of  the  neck  |Kisteri(»rly  is  the  nuchal  furrow,  at  the  huttuni 
ut'  which  are  the  cervical  spines  and  tlie  liganientum  nuch;e.  At  the  upper  part  (if 
the  furrow,  ahout  2  in.  lielow  the  external  occipital  protuheraiice,  is  the  large 
spine  of  the  axis,  which  can  he  distinctly  felt;  a  line  drawn  from  it  outwards  and 
slightly  upwards  to  the  transverse  process  of  the  atlas  corresponds  to  the  position  of 
the  inferior  oblique  muscle  and,  therefore,  to  the  lower  margin  of  the  sub-occipital 
triangle.  The  course  of  the  deep  part  of  the  great  occipital  nerve  may  lie  mapped 
out  by  drawing  a  line  from  the  centre  of  the  above-mentioned  line  to  a  point  one 
inch  external  to  the  external  occipital  protuberance.  At  the  floor  of  the  sub- 
occipital triangle  is  the  posterior  arch  of  the  atlas  upon  which  the  vertebral  artery- 
lies. 

THE  THOEAX. 

Eor  the  convenience  of  topographical  descri]ition,  clinicians,  by  the  use  of 
vertical  and  transverse  lines,  have  arbitrarily  divided  the  surface  of  the  chest  into 
certain  definite  regions  or  areas.  The  vertical  lines  are :  the  mid-sternal,  the 
lateral  sternal,  tlie  para-sternal,  the  mammary  or  mid-clavictilar,  the  anterior,  mid, 
and  'posterior  axillary,  and  the  scapular.  The  position  of  the  mid  and  lateral 
sternal  lines  is  sufficiently  indicated  by  their  names. 

The  mammary,  better  termed  the  mid-clavicular,  is  drawn  \  ertically  d(jwn  from 
the  centre  of  the  clavicles,  or,  what  comes  to  practically  the  same  thing,  from  a  point 
nudway  between  the  centre  of  the  supra-clavicular  notch  and  the  tip  of  the  acromion 
process.  In  the  male  this  line  usually  lies  h  to  |  in.  internal  to  the  centre  of  the 
ni])ple,  which  is  usually  placed  over  the  fourth  interspace,  or  fifth  rili,  four  inches 
from  the  middle  line.  In  the  child  the  nipple  may  be  as  high  as  the  lower  border 
of  the  third  rili.  In  the  female  the  position  of  the  nipple  is  so  \  ariable  that  it  is 
of  no  topographical  \  alue.  In  a  well-proportioned  subject,  the  mid-clavicular  line, 
if  prolonged  downwards,  will  be  found  to  be  continuous  with  the  vertical  Poupart 
line,  which  crosses  the  costal  margin  at  the  tip  of  the  ninth  costal  cartilage. 

The  para-sternal  line,  drawn  midway  between  the  lateral  sternal  and  mid- 
clavicular, crosses  the  costal  margin  opposite  the  ti]i  of  tlie  eighth  costal  cartilage. 

The  anterior,  the  mid,  and  tlie  posterior  axillary  lines  are  respectively  drawn 
downwards  from  the  anterior  fold,  the  apex,  and  the  posterior  fold  of  the  axilla. 

The  scapular  line  is  drawn  perpendicidarly  through  the  inferior  angle  of  the 
scapula. 

Of  the  taw  transccrse  lines,  the  upper,  which  separates  the  infra-clavicular  and 
supra-sternal  regions  from  the  mammary  and  infra-sternal  regions,  is  drawn  at  the 
level  of  the  third  chondro-sternal  articulation;  the  lower,  which  separates  the 
mammary  and  infra-mammary  regions,  is  drawn  at  the  level  of  the  sixth  chondro- 
sternal  articulation. 

The  lateral  area  of  the  chest  is  divided  into  an  upper,  or  axillary,  and  a  lower,  or 
infra-axillary  region,  liy  a  horizontal  line  drawn  at  the  level  of  the  sixth  rib. 

In  muscular  subjects  there  is  a  well-marked  mesial  furrow,  the  sternal  furrow, 
lietween  the  sternal  origins  of  the  pectoralis  major  muscles.  The  inner  part  of  the 
lower  border  of  these  muscles  forms  a  curved  prominence  which,  overlying  the 
fifth  rib,  corresponds  to  the  junction  of  the  mammary  and  infra-mammary  regions. 
Below  this  prominence  is  the  infra-maminaiy  region,  which  forms  a  somewhat  Hat 
surface  corresjionding  to  the  upper  part  of  the  rectus  muscle.  In  the  axillary  and 
infra-axillary  regitms  are  the  prominences  caused  by  the  digitations  of  origin  of  the 
serratus  magnus,  the  first  to  a]ipear  below  the  pectoralis  major  being  that  which 
springs  from  the  fifth  rib. 

The  upper  border  ol'  the  sternum  lies  in  the  same  horizontal  plane  as  the  lower 
border  of  the  body  of  the  second  dorsal  vertebra,  the  distance  between  the  two  being 
about  2  in.  The  junction  of  the  manubrium  and  the  body  of  the  sternum 
forms  a  slight  prominence  or  angle,  known  as  the  anyidus  Ludovici,  which, 
although  not  usually  ^'isible,  may  always  be  felt.  The  angulus  lies  hi  the  same 
plane  as  the  body  of  the  fifth  dorsal  vertebra. 

The  xiphi-sternal  junction  corresponds  to  the  disc  between  the  ninth  and  tenth 
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Fio.  801. — AxTERiou  Aspect  of  Tuunk,  showing  Surface  TorooHAPHY  of  Viscera. 


M.C. 

Mid-clavicular  line. 

T. 

Tricuspid  oriti"e. 

A.e. 

Ascending  colon. 

P.S. 

Para-sternal  line. 
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dorsal  vertebrae.  Immediately  l)elow  the  xiphi-sternal  articulation  is  the  infra- 
sternal  notch,  formed  l)y  the  junction  of  the  seventh  costal  cartilages  with  the 
sternum.  Below  the  notch  is  the  epigastric  fossa  or  triangle,  bounded  laterally  by 
the  seventh  costal  cartilages.  The  apex  of  the  triangle  forms  an  angle  which 
varies  considerably  according  to  the  shape  of  the  chest,  the  average  being  al)out 
70\    Not  infrequently  the  eighth  costal  cartilage  articulates  with  the  sternum. 

Fracture  of  the  sternum  i.s  rare,  and  generally  occurs  at  or  close  to  tlie  juuctiou  of  tbe  manu- 
brium and  the  body ;  it  may  occur  either  from  direct  violence,  or  indirectly  along  with*  fracture 
of  the  spine.  Unlike  that  of  tlie  rilis,  the  periosteiun  covering  the  sternum  is  firmly  adherent 
to  the  hone. 

The  ribs,  which  in  well-nourished  subjects  cause  no  surface  prominences,  are 
readily  visible  in  thin  persons;  in  the  ol)ese  they  are  very  difficult  to  feel.  In 
counting  the  ril)s  from  the  front,  the  second  may  always  be  identified  ]jy  its  relation 
to  the  angulus  Lu(.lu\-ici.  The  first  rib  is  to  a  large  extent  under  cover  of  the  clavicle. 
The  lower  border  of  the  pectoralis  major  and  the  first  visible  digitation  of  the 
serratus  niagnus  afford  reliable  guides  to  the  fifth  nb:  The  infra-sternal  notch  is 
the  guide  to  the  inner  end  of  the  seventh  costal  cartilage.  The  second  and  third 
costal  cartilages  are  practically  horizontal ;  below  this  tile  cartilages  ascend  with 
increasing  obliquity,  that  of  the  sixth  being  the  first  to  present  a  distinct  angle. 
The  inner  end  of  the  second  intercostal  space  is  the  widest,  while  those  of  the  fifth 
and  sixth  are  very  narrow. 

The  costo-chondral  junctions  may  be  indicated  on  the  surface  by  a  line  drawn 
from  the  upper  end  of  the  para-sternal  line  to  a  point  a  finger's  breadth  behind  the 
angle  of  the  tenth  costal  cartilage. 

The  internal  mammary  artery  crosses  behind  the  inner  ends  of  the  upper  five 
intercostal  spaces  about  ^  hi.  from  the  edge  of  the  sternum ;  as  it  descends  it 
approaches  a  little  nearer  to  the  sternum.  The  vessel  is  accompanied  by  t\Vo 
veins  which  unite  to  form  a  single  vein  opposite  the  second  intersj)ace. 

Tliis  artery  is  occasionally  injured  in  punctured  wounds  of  the  chest.  At  the  second  or  third 
intercostal  space  it  is  easily  ligatured  tlirongh  a  transverse  incision,  hut  at  a  lower  level  it  is 
generally  necessary  to  resect  a  portion  of  one  of  the  costal  cartilages. 

THE  LUNGS. 

The  apex  of  the  lung  extends  upwards  into  the  root  of  the  neck  for  a  distance 
of  1  to  2  in.  al)ove  the  anterior  extremity  of  the  first  rib,  and  is  mapped  out  by 
a  curved  line  drawn  from  the  upper  border  of  the  sterno-clavicular  articulation 
across  the  sterno-mastoid  to  the  junction  of  the  inner  and  middle  thirds  of  the 
clavicle,  the  highest  part  of  the  curve  reaching  from  |-  to  1|  in.  above  the  clavicle. 
The  apex  of  the  right  lung  reaches  |-  in.  higher  than  that  of  the  left  lung.  Inti- 
mately related  to  the  apex  of  the  cervical  pleura  are  the  subclavian  artery  and 
the  inferior  cervical  ganglion  of  the  sympathetic. 

Both  tlie  cervical  pleura  and  tlie  subclavian  artery  may  be  injured  by  one  of  the  fragments  in 
a  fracture  of  the  i-lavicle  ;  tlie  .scaleiii  muscles,  however,  affording  considerable  jjrotecfion  to  the 
former.  In  ligaturing  the  third  part  of  the  sulwlavian  artery,  care  must  be  taken  not  to  injure 
the  cervical  pleura. 

To  delineate  the  anterior  border  of  the  right  lung,  draw  a  line  from  the  upper 
border  of  the  sterno-clavicular  articulation  to  the  centre  of  the  manubrium 
sterni,  and  from  thence  vertically  downwards,  in  or  slightly  to  the  left  of  the 
middle  line,  to  the  level  of  the  sixth  or  seventh  costal  cartilage,  or  it  may  be  even 
to  the  infra-sternal  notch. 

The  anterior  border  of  the  left  lung  is  mapped  out  by  a  corresponding  line  as 
far  as  the  fourth  costal  cartilage ;  thence  it  is  directed  outwards  along  the  lower 
border  of  the  fourth  costal  cartilage  to  the  para-sternal  line ;  it  then  passes  down- 
wards and  slightly  outwards  across  the  fourth  interspace,  and  curves  inwards 
Iiehind  the  fifth  costal  cartilage  and  fifth  interspace  to  reach  the  upper  border  of 
the  sixth  costal  cartilage  in  the  para-sternal  line.  The  lower  part,  therefore,  of  the 
anterior  surface  of  the  right  ventricle  is  uncovered  by  lung  and  gives  a  completely 
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Fig.  802. — Anterior  Aspect  ov  Trunk,  showing  Surface  Topographt  of  Viscera. 
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dull  note  on  percussion ;  this  area  is  spoken  of  as  the  area  of  "  superficial  or  absolute 
cardiac  dulness." 

The  level  of  the  lower  border  of  the  lung  is  practically  the  same  on  both  sides ; 
it  is  mapped  out  by  a  line  extending  outwards  from  the  lower  extremity  of  the 
anterior  liorder  and  passing  through  the  sixth  costal  cartilage  in  the  mid-clavicular 
line,  and  thence  in  a  slightly  curved  direction,  with  the  convexity  downwards, 
across  the  lateral  aspect  of  the  chest  to  the  tenth  dorsal  spine.  This  line  crosses 
the  eighth  rib  in  the  mid -axillary  line  and  the  tenth  rib  in  the  scapular  line. 

To  indicate  the  position  of  the  oblique  fissures  a  line  is  drawn  from  the 
second  dorsal  spine  across  the  interscapular  region  to  the  root  of  the  spine  of  the 
scapula,  and  thence  downwards  and  outwards  across  the  infraspinous  fossa,  to  end 
at  the  lower  border  of  the  lung  opposite  the  sixth  costal  cartilage,  a  finger's 
breadth  external  to  the  para-sternal  line.  When  the  arm  is  raised  above  the  level 
of  the  shoulder,  and  the  hand  placed  on  the  ))ack  of  the  head,  the  inferior  angle  of 
the  scapula  is  rotated  upwards  and  forwards  so  that  the  vertebral  border  practi- 
cally corresponds  with  the  line  of  the  oblique  fissure. 

The  transverse  fissure  of  the  right  lung  is  mapped  o\it  by  drawing  a  hue  from 
the  anterior  border  of  the  lung,  at  the  level  of  the  fourth'  costal  cartilage,  outwards 
and  sHghtly  upwards  to  join  the  middle  of  the  oblique  fissure. 

Pleura. — The  line  of  reflexion  of  the  right  pleura  from  the  back  of  the  sternum 
may  be  said  to  correspond  to  the  anterior  border  of  the  right  lung. 

On  the  left  side,  the  pleural  reflexion  corresponds  to  the  anterior  border  of  the 
left  lung  as  far  as  the  lower  edge  of  the  fourth  chondro-sternal  junction,  from 
which  point  it  diverges  slightly  and  descends  behind  the  left  border  of  the  sternum 
to  the  six  til  costal  cartilage. 

The  right  costo-diaphragmatic  reflexion  (see  Figs.  802  and  803)  is  indicated  on 
the  surface  by  a  line  drawn  from  the  seventh  chondro-sternal  junction  (sometimes 
the  infra-sternal  notch)  downwards  and  outwards  to  a  point  2  in.  vertically  above 
the  angle  of  the  tenth  costal  cartilage ;  from  this  point  the  line  is  carried  with  a 
slightly  downward  curve  across  the  lateral  aspect  of  the  chest  to  the  twelfth 
rib  at  the  outer  margin  of  the  erector  spinte ;  thence  it  passes  below  the  twelfth 
rib  and  reaches  the  vertebral  column  at  the  level  of  the  upper  border  of  the 
twelfth  dorsal  spine. 

The  left  costo-diaphragmatic  reflexion  is  indicated  by  a  line  drawn  from  a  point 
opposite  the  sixth  costal  cartilage,  a  finger's  breadth  from  its  junction  with  the 
sternum,  to  a  point  one  and  a  half  inches  vertically  above  the  angle  of  the  tenth 
costal  cartilage,  and  thence  to  the  spine,  as  on  the  right  side,  but  at  a  slightly  lower 
level. 

The  costo-diaphragmatic  reflexion  reaches  its  lowest  limit  in  the  mid-axillary 
line  two  inches  vertically  above  the  tip  of  the  eleventh  costal  cartilage,  a  level 
which  may  be  readily  indicated,  according  to  Cunningham,  by  a  point  in  the  mid- 
axillary  line  intersected  by  a  horizontal  line  drawn  round  the  trunk  at  the  level  of 
the  lowest  i)art  of  the  extremity  of  the  first  lumbar  spine.  The  same  author 
localises  the  level  of  the  diaphragmatic  pleural  reflexion  in  the  mammary  line  at 
the  point  where  this  line  is  intersected  by  another  horizontal  line  at  the  level  of 
the  spine  of  the  last  dorsal  vertebra. 

The  relations  of  the  pleura  to  the  twelfth  rib  are  of  importance  to  the  surgeon, 
especially  in  connexion  with  operations  on  the  kidney  (Fig.  631,  p.  931).  When  this  rib  is 
not  abnormally  short,  the  pleural  reflexion  crosses  it  opposite  the  outer  border  of  the 
erector  spinte  muscle,  hence  an  incision  may  be  carried  deeply  as  far  as  the  apex  of  the 
angle  formed  by  the  twelfth  rib  and  the  outer  border  of  the  erector  spina;  witliout  entering 
the  pleura.  When,  however,  tlie  twelfth  rib  does  not  reach  the  outer  border  of  the  erector 
spinse,  an  incision  carried  upwards  into  the  apex  of  the  angle  between  this  muscle  and  the 
eleventh  rib  is  certain  to  wound  the  pleura  (Melsome).  It  is  important,  therefoi-e,  to 
count  the  i-ibs  from  above  downwards,  in  order  not  to  mistake  the  eleventh  for  the  twelfth, 
when  the  latter  is  rudimentary. 

Internal  to  the  outer  edge  of  the  erector  sjainaj  the  pleural  reflexion  lies  below  the 
level,  of  the  twelfth  rib,  and  not  infrequently  descends  as  far  as  the  transverse  process 
•of  the  first  lumbar  vertebra. 
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On  the  right  side  the  posterior  mediastinal  pleura  passes  inwards  in  front  of  the 
vertebrae,  forming  a  alight  cul-de-sac  between  tliem  and  the  ojsophagas.    On  the  left 


Fig.  803. — Posteuiok  Aspect  of  Tkunk,  showing  Sukfack  Topogkaphy  of  Visceka. 
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side  the  posterior  mediastinal  pleura  passes  from  the  lateral  aspect  of  the  bodies  of  the 
vertebme  on  to  the  left  side  of  the  aorta.    Hence,  to  evacuate  pus  from  the  posterior 
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mediastinum,  there  is  less  risk  of  opening  the  pleura  if  the  space  be  entered  from  the  left 
side  of  the  vertebral  column. 

The  seat  of  election  for  tapping  the  pleura  (paracentesis  pleurce)  is  the  sixth  or  seventh 
costal  interspace  a  little  in  front  of  the  posterior  axillary  fold.  To  allow  of  the  introduc- 
tion of  a  tube  to  drain  away  the  pus  from  the  pleural  cavity  in  empyema,  a  portion  of  one 
of  the  ribs  (sixth  to  ninth)  is  resected.  The  intercostal  vessels  and  nerves,  which  lie  in  the 
groove  at  the  lower  border  of  the  rib,  are  avoided  by  removing  the  portion  of  bone  sub- 
periosteally.  If  the  chest  is  opened  in  the  scapular  line  care  nmst  be  taken  not  to  resect 
either  the  seventh  or  the  eighth  ribs,  which  arc.  exposed  when  the  arm  is  elevated,  but 
overlapped  by  the  angle  of  the  scapula  when  the  arm  is  lowered. 

Anteriorly,  the  bifurcation  of  tlie  trachea  lies  at  or  a  little  below  the  anguhis 
Ludovici,  while  posteriorly  it  lies  a  little  below  the  level  of  the  root  of  the  spine 
of  the  scapula,  opposite  the  interval  between  the  third  and  fourth  dorsal  spines. 
The  bifurcation  takes  place  one  vertebra  higher  in  the  infant  than  in  the  adult 
(Symington). 

The  right  bronchus  is  wider  and  more  nearly  in  a  line  with  the  trachea  than 
tlie  left  Ijronchus,  hence  the  greater  tendency  of-  foreign  bodies  to  enter  the 
former. 

The  roots  of  the  lungs  are  situated  opposite  the  fourth,  fifth,  and  sixth  dorsal 
spines,  midway  between  them  and  the  vertebral  borders  of  the  scapulae. 

The  lower  end  of  the  trachea,  the  bronchi,  the  vagi,  and  the  left  recurrent  laryngeal  nerve, 
are  all  more  or  less  surrounded  by  lymphatic  glands,  which,  when  enlarged,  may  exert  injurioiis 
pressui'e  upon  them. 

THE  HEART  AND  GREAT  VESSELS. 

Viewed  from  the  front,  the  outline  of  the  precordial  area,  like  that  of  the  peri- 
cardial sac,  is  roughly  triangular,  the  base  of  the  triangle  being  below  and  the  apex 
above.    The  boundaries  are  delineated  upon  the  surface  as  follows : — 

The  riylit  side  of  the  ti'iangle,  formed  by  the  right  auricle,  is  indicated  by 
drawing  a  line  slightly  convex  outwards  from  the  upper  end  of  the  third  to  the 
sixth  (frequently  the  seventh)  right  chondro-sternal  junctions  ;  the  ciu've  attains  its 
maximum  opposite  the  fourth  intercostal  space,  where  it  reaches  1\  in.  from  the 
middle  line. 

The  hase  of  the  triangle,  formed  by  the  maryo  ncutus  of  the  riglit  ventricle  and 
to  a  very  slight  extent  by  the  apical  portion  of  the  left  ventricle,  is  almost 
horizontal,  and  corresponds  to  a  line  drawn  from  the  sixth  or  seventh  right 
chondro-sternal  junction  to  the  apex  of  the  left  ventricle,  which  lies  behind  the 
fifth  left  intercostal  space,  3|-  in.  from  the  middle  line  and  ^  in.  internal  to  the 
mid-clavicular  line.  The  Ijase  line  crosses  the  xiphoid  cartilage  a  little  below  its 
junction  with  the  body  of  the  sternum. 

The  left  side  of  the  triangle,  formed  by  the  viargo  ohtusus  of  the  left  ventricle,  is 
indicated  by  a  slightly  curved  line  extending  from  the  apex  of  the  heart  upwards 
and  inwards  to  the  lower  edge  of  the  second  left  chondro-sternal  articulation,  the 
convexity  of  the  curve  being  directed  outwards  and  slightly  upwards. 

The  truncated  apex  of  the  triangle,  which  lies  behind  the  sternum  at  the  level 
(»f  the  second  intercostal  space,  corresponds  to  the  highest  part  of  the  heart, 
namely,  where  the  auricular  appendices  embrace  the  aorta  and  pulmonary  artery. 

The  anterior  part  of  the  right  auriculo-ventricular  groove  is  mapped  out  by  a 
line  drawn  from  the  middle  line,  opposite  the  lower  border  of  the  third  right  costal 
cartilage,  downwards  and  outwards  to  the  sixth  right  chondro-sternal  junction ; 
the  line  should  be  slightly  convex  upwards  and  to  the  right.  The  right  auricular 
appendix  lies  at,  or  a  little  to  the  left  of,  the  middle  line,  at  the  level  of  the  second 
intercostal  space  and  the  upper  border  of  the  third  costal  cartilage.  The  left 
auricular  appendix  lies  behind  the  second  left  intercostal  space,  close  to  the  edge  of 
the  sternum. 

The  inferior  surface  of  the  heart  (facies  diaphragmatica)  rests  upon  the  dia- 
phragmatic or  basal  part  of  the  pericai'dium.  The  true  posterior  surface  of  the 
heart  is  formed  mainly  by  the  left  auricle,  which  is  moulded  posteriorly  upon  the 
tesophagus,  the  left  bronchus  and  the  bronchial  glands,  the  pericardium  intervening. 
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Fig.  804. 


Fig.  806. 


Fig.  807. 


From  photographs  of  a  f'oniialin-hardened  .subject,  with  the  heart  dissected  i)i  situ,  to  show  the  rehations  of  its 
cavities  and  valves  to  the  anterior  wall  of  the  thorax. 

In  Fig.  804  tlie  anterior  wall  of  the  right  ventricle  has  been  removed  and  the  pulmonary  ai'tery  o)iened. 

In  Fig.  805  the  anterior  walls  of  the  ascending  aorta  and  of  the  right  auricle  have  been  removed  ;  also  the 

anterior  cusp  of  the  tricuspid  valve. 
In  Fig.  806  the  greater  part  of  interventricular  septum  has  been  removed,  exposing  anterior  cusp  of  mitral 

valve. 

In  Fig.  807  the  ascending  aorta,  anterior  cusp  of  mitral  valve,  trunk  of  pulmonary  artery,  and  iuterauricular 
septum  have  been  removed  ;  the  cavities  of  left  auricle  and  left  ventricle  are  exposed,  also  the  left 
auricular  appendix  and  posterior  cusp  of  mitral  valve. 

R.A.     Riglit  auricle.  P.  A.  Pulmonary  artery.  M.V.  Mitral  valve. 

R.Y.     Right  ventricle.  P.V.  Pulmonary  valve.  S.V.C.  Superior  vena  cava. 

L.A.     Left  auricle.  A.  Aortic  arch.  P.Y.  Pulmonary  vein  (in  Fig.  807). 

L. A. A.  Left  auricular  appendix.  A.V.  Aortic  valve.  M.  Moderator  band. 

S.V.     Interventricular  septum.  T.V.  Tricuspid  valve. 
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The  left  auricle  extends  lieliind  the  right  auricle  for  a  considerable  distance  to  the 
right  of  the  mesial  plane. 

In  determining  the  position  of  the  cardiac  orifices  and  their  valves  it  is  to  be 
remembered  that  they  are  all  situated  to  the  left  of  the  right  auriculo-ventricular 
groove,  and  that  they  lie  in  the  following  order  from  above  downwards — viz.  pul- 
monary, aortic,  mitral,  and  tricuspid.  When  delineated  on  the  surface  they  will 
be  seen  to  lie  within  an  ellipse  whose  long  axis  extends  from  the  upper  border  ot 
the  third  left  to  the  sixth  right  chondro-sternal  junction. 

The  pulmonary  orifice,  directed  upwards  and  slightly  backwards  and  to  the  left, 
lies  opposite  the  upper  part  of  the  third  left  ch(3ndro-sternal  jiuiction ;  the  aortic 
orifice,  directed  upwards,  backwards,  and  to  the  right,  lies  further  from  the  surface, 
behind  the  left  half  of  the  sternum,  opposite  the  lower  border  of  the  third  costal 
cartilage  ;  the  mitral  orifice  lies  at  a  lower  level  behind  the  left  half  of  the  sternum, 
opposite  the  fourth  rib ;  the  orifice  of  the  opening  is  directed  downwards,  forwards, 
and  to  the  left.  The  tricuspid  orifice,  situated  nearer  the  anterior  wall  of  the  chest 
than  the  mitral,  lies  opposite  the  middle  of  the  .sternum  at  the  level  of  the  fourth 
and  fifth  cartilages  and  intervening  space ;  the  orifice,  which  is  })laced  very 
obliquely,  may  be  represented  upon  the  surface  by  an  ellipse  placed  ])arallel  to  and 
immediately  to  the  left  of  the  middle  two-fourths  of  the  line  indicating  the  anterior 
part  of  the  right  auriculo-ventricular  groove. 

Allhougli  the  first  and  second  sounds  of  the  heart  are  heard  all  over  the  cardiac  area,  the 
soiuids  produced  by  the  individual  valves  are  heanl  most  distinctly,  not  directly  over  their  ana- 
tomical situation,  but  over  the  area  where  the  cavity  in  which  the  valve  lies  approaches  nearest 
to  the  surface.  Hence  the  mitral  sound  is  best  heard  over  the  apex  (mitral  area),  the  tricuspid 
over  the  lower  part  of  the  l)ody  of  the  sternum  (tricuspid  area),  the  aortic  over  the  second  right 
costal  cartilage  (aortic  area),  and  the  pulmonary  o\-er  the  second  left  intercostal  sjjace  (pulmonary 
area). 

In  tapping  the  pericardium  (paracentesis  jjericardii)  the  jileura  will  be  a\-oided  by  making  the 
])unetuiv  tbrf)Ugli  the  fifth  or  sixth  left  intercostal  space  as  close  as  j)Ossible  to  the  edge  of  the 
sternum.  AVhen,  however,  the  2)ericardial  sac  is  distended  with  fluid,  the  pleura  is  jjushed  out- 
wards, and  will  therefore  escape  injury  if  the  puncture  be  nrade  at  a  safe  distance  external  to  the 
internal  mammary  vessels,  viz.  1  in.  external  to  the  left  border  of  the  sternum. 

To  establish  free  drainage  in  suppurative  pericarditis,  the  sixth  left  costal  cartilage  must  bi; 
resected  and  the  internal  mammary  vessels  ligatured  ;  the  triangularis  sterni  and  the  pleural 
reflexion  are  then  j)ushed  aside  and  the  pericardium  exjjosed  and  incised. 

The  ascending  aorta  lies  l  iehind  the  sternum,  opposite  the  second  and  third  ribs, 
and,  unless  dilated,  does  not  project  beyond  its  right  l)order.  The  upper  border  of 
the  aortic  arch  lies  at  or  a  little  above  the  centre  of  the  manubrium  sterni ;  in  the 
cliild  the  vessel  may  reach  as  high  as  the  upper  border  of  the  manubrium. 

The  innominate  and  left  common  carotid  arteries  diverge  from  either  side  of  the 
mesial  plane  between  the  upper  part  of  the  manul)rium  sterni  and  the  front  of  the 
trachea.  A  iiin  yiushed  directly  l)ack wards  immediately  above  the  middle  of  the 
supra-sternal  notch  will  strike  the  iinier  border  of  the  iiniominate  artery  a  little 
below  its  bifurcation. 

The  pulmonary  artery  lies  behind  the  left  border  of  the  sternum  opposite  the 
second  interspace  and  the  second  costal  cartilage. 

The  left  innominate  vein  lies  behind  the  upper  part  of  the  manul)rium  sterni, 
the  right  behind  the  inner  end  of  the  right  clavicle.  The  superior  vena  cava  lies 
behind  and  a  little  to  the  right  of  the  margin  of  the  sternum,  op})Osite  the  first 
and  second  interspaces  and  the  intervening  second  rib ;  its  opening  into  the  right 
auricle,  behind  the  third  chondro-sternal  articulation,  corresponds  to  the  centre  of 
the  root  of  the  right  lung. 

(Esophagus. — The  average  length  of  the  ceso})hagus  in  the  adult  is  10  in. 
(25  cm.) ;  the  distance  from  the  incisor  teeth  to  its  commencement  is  G  in. ;  to  the 
point  or  level  where  it  is  crossed  by  the  left  bronchus,  9  in. ;  to  the  oesophageal 
opening  of  the  diaphragm,  14  to  15  in. ;  to  the  cardiac  orifice  of  the  stomach,  l(i  in. 
These  measurements,  which  are  of  great  importance  in  diagnosing  the  seat  of 
oesophageal  obstructions,  should  be  marked  off  from  below  upwards  upon  all 
oesophageal  bougies  and  probangs.  Posteriorly,  the  oesophagus  extends  from  the 
level  of  the  sixth  cervical  spine  to  that  of  the  ninth  dorsal,  a  little  to  the  left  of 


THE  BACK. 


1193 


which  is  the  situation  at  which  the  stethoscope  is  placed  in  order  to  hear  the 
.sound  produced  by  the  passage  of  fluid  into  the  stomach. 

Clinically  it  is  important  to  bear  in  mind  the  relation  of  tlie  cesopliagu.s  to  the  trachea  and 
bronchi  (especially  to  the  left  bronchuis),  to  the  left  reciu'i'ent  laryngeal  nerve,  to  tlie  lironchial 
and  posterior  mediastinal  glands,  to  the  descending  thoracic  aorta,  and  to  the  right  posterior 
mediastinal  pleura.  Ulcers  of  the  oesophagus  are  liable  to  open  into  either  the  trachea,  the  left 
bronchus,  or  the  light  pleura. 

The  veins  of  the  lower  end  of  the  oesophagus  open  partly  into  the  systemic  veins  and  partly 
into  the  portal  system  ;  like  those  at  the  lower  end  of  the  rectum  they  are  liable  to  become 
varicose  in  conditions  which  give  rise  to  chronic  interference  with  the  portal  circulation. 

The  lymphatics  of  the  upper  part  of  the  oesoj^hagus  open  into  the  lower  carotid  glands,  the 
remainder  into  the  posterior  mediastinal  glands. 

The  oesophagus  is  very  distensible  in  the  transverse  but  not  in  the  antero-posterior  direction, 
hence  the  most  useful  forceps  for  removing  foreign  bodies  from  the  CESophagus  are  those  which 
open  laterally. 

THE  BACK. 

In  the  middle  line  of  the  back  is  the  spinal  furrow,  which  is  deepest  in  the 
lower  dorsal  and  upper  lumbar  regions,  where  the  erectores  spin^e  muscles  are  most 
prominent.  Over  the  upper  sacral  region,  where  the  erectores  spinEe  muscles  are 
tendinous,  is  a  flattened  area  forming  an  equilateral  triangle,  the  angles  of  which 
correspond  respectively  to  the  posterior  superior  spines  of  the  two  ilia,c  bones  and  the 
third  sacral  spine.  The  vertebral  spines  can  be  palpated  at  the  bottom  of  the  spinal 
furrow ;  they  become  more  distinct  when  the  spine  is  flexed,  and,  as  pointed  out 
l)y  Holden,  they  become  mapped  out  by  reddened  areas  when  friction  is  applied 
along  the  furrow.  The  identiflcation  and  counting  of  the  spines  will  be  facilitated 
if  ■  it  be  remembered  that  the  first  dorsal  is  more  prominent  than  the  vertebra 
prominens  (seventh  cervical),  that  the  third  dorsal  is  on  a  level  with  the  root  of 
the  spine  of  the  scapula,  the  seventh  dorsal  with  its  inferior  angle,  the  fourth 
lumbar  with  the  highest  part  of  the  iliac  crest,  and  the  second  sacral  with  the 
posterior  superior  iliac  spine. 

Above  the  spine  of  the  scapula  is  the  suprascapular  region,  which  is  padded  by  a. 
thick  mass  of  muscle  consisting  of  the  supra-spinatus  and  levator  anguli  scapulre, 
covered  by  the  upper  part  of  the  trapezius ;  the  two  latter  muscles  may  be  thrown 
into  relief  by  shrugging  the  shoulders. 

In  the  interscapular  region  are  the  rhomboid  muscles,  which  are  thrown  into 
prominence  by  bracing  back  the  shoulders. 

Below  the  inferior  angle  of  the  scapula  the  last  five  ribs  can  readily  be  felt 
external  to  the  erector  spina?  muscle ;  when  the  twelfth  rib  does  not  reach 
beyond  this  muscle,  the  eleventh  rib  will  be  mistaken  for  it,  unless  the  ribs  be 
counted  from  above  downwards. 

The  lower  border  of  the  trapezius  is  indicated  by  a  line  extending  upwards  and 
outwartls  from  the  twelfth  dorsal  spine  to  the  root  of  the  spine  of  the  scapula ;  the 
upper  border  of  the  latissimus  dorsi  by  a  line  extending  from  the  sixth  dorsal  spine 
transversely  outwards  across  the  angle  of  the  scapula.  Between  these  two  muscles 
and  the  lower  part  of  the  vertebral  border  of  the  scapula  is  a  triangular  area,  the 
floor  of  which  is  formed  by  the  rhomlioideus  major  muscle  and  the  sixth  costal 
interspace. 

The  outer  border  of  the  erector  spinas  is  indicated  on  the  surface  by  drawing  a 
line  from  a  point  on  the  iliac  crest  3|  in.  (four  fingers'  breadth)  from  the  middle 
line,  upwards  and  slightly  outwards  to  the  angles  of  the  ril:)s.  The  outer  border 
of  the  quadratus  lumborum,  which  passes  upwards  and  slightly  inwards,  lies  a  little 
external  to  that  of  the  erector  spinae  at  the  crest,  and  a  little  internal  to  it  at  the 
twelfth  rib. 

The  anatomy  of  the  muscles  and  fascite  which  complete  the  abdominal  wall 
between  the  last  rib  and  the  iliac  crest  is  of  great  importance  in  connexion  with 
operations  in  the  region  of  the  loin.  The  space  between  the  last  rib  and  the  iliac 
crest  varies  greatly  according  to  the  length  of  the  former,  and  according  to  the  general 
shape  of  the  chest  and  slope  of  the  ribs.  As  a  rule,  the  tip  of  the  twelfth  rib  lies 
about  two  inches  vertically  above  the  centre  of  the  iliac  crest.    From  a  surgical 
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point  of  view  the  costo-iliac  space  may  be  said  to  be  limited  internally  by  the  outer 
edge  of  the  erector  spinpe,  and,  more  deeply,  by  the  tips  of  the  transverse  processes 
of  the  lumbar  vertebrte,  while  externally  it  is  bounded  by  the  posterior  free  border 
of  the  external  oblique,  and,  more  deeply,  by  the  line  of  reflexion  of  the  peritoneum 
from  the  colon  on  to  the  lateral  wall  of  the  abdomen.  The  space  is  roofed  over  by 
the  latissimus  dorsi,  except  below,  where  a  narrow  triangular  interval  is  left  })etween 
its  outer  liorder  and  the  posterior  Ijorder  of  the  external  oblique,  the  base  of  the 
triangle  being  formed  ]jy  the  crest  of  the  ilium,  a  little  behind  its  centre.  This 
triangle  (Fig.  250,  p.  339),  known  as  the  "triangle  of  Petit,"  represents  a  weak  area 
through  which  a  lumbar  aliscess  may  come  to  the  surface,  and  through  which  a 
luml)ar  hernia  occasionally  develops.  On  removing  the  latissimus  dorsi  and  the 
lower  part  of  the  thin  serratus  posticus  inferior,  another  triangle  will  be  exposed, 
which  constitutes  a  second  weak  area  in  the  loin  ;  it  is  bounded  above  by  the  last 
rib,  internally  by  the  outer  border  of  the  erector  spin;ie,  and  externally  by  the 
posterior  muscular  fibres  of  the  internal  oblique ;  the  floor  of  the  triangle  is  formed 
by  the  aponeurosis  of  origin  of  the  transversalis  al)dominis  muscle.  At  the  outer 
border  of  the  quadratus  lumborum  this  aponeurosis  splits  into  tliree  layers  to  form 
two  comi)artnieuts,  the  anterior  enclosing  tlie  quadratus  lumborum  and  the  posterior 
tlie  erector  spini^e. 

Kidneys. — By  retracting  inwards  the  erector  spinje  and  dividing  the  posterior 
filtres  of  the  three  abdominal  muscles,  along  with  the  outer  fibres  of  the  quadratus, 
the  kidney  may  be  exposed,  with  the  colon  lying  vertically  in  front  of  its  outer  border. 
Tlie  upper  limit  of  the  kidney  is  indicated  1  jy  a  line  drawn  transversely  across  the  loin 
o})posite  tlie  eleventh  dorsal  spine,  the  lower  limit  ))y  a  line  on  a  level  with  the 
third  luml)ar  spine.  The  upper  extremity  reaches  to  the  eleventh  rili ;  the  lower, 
wiiich  lies  immediately  external  to  the  tip  of  the  transverse  process  of  the  third 
lund)ar  verteln-a,  reaches  to  within  1|  to  2  in.  of  the  crest  of  the  ilium.  About 
a  third  of  the  kidney  lies  above  the  lower  margin  of  the  twelfth  rib.  The  left 
kidney  usually  lies  about  ^  in.  higher  than  the  right.  The  most  external  point  of 
the  outer  l>order  lies  4  in.  from  the  middle  line,  while  the  hilus  lies  11  in.  external 
to  it  in  front  of  the  interval  lietween  the  tips  of  the  transverse  processes  of  tlie 
first  and  second  lumbar  vertebrse. 

The  psoas  muscle  intervenes  between  the  postero-internal  surface  of  the  kidney 
and  the  transverse  processes,  and  protects  the  organ  from  injury  by  a  blow  directed 
from  the  front.  Between  the  upper  end  of  the  kidney  and  the  eleventh  and  twelfth 
ril)S  is  the  diaphragm  and  the  posterior  costo-diaphragmatic  reflexion  of  the  pleura. 
The  relations  of  the  pleura  to  the  last  rib  have  already  lieen  considered  (p.  1188). 

Posteriorly  the  course  of  the  upper  part  of  the  ureter  may  be  indicated  by  a 
line  drawn  vertically  upwards  from  the  posterior  superior  iUac  spine  to  the  level  of 
the  second  lumbar  spine ;  the  deep  guides  are  the  tips  of  the  transverse  processes 
of  the  second,  third,  and  fourth  lumbar  vertebrje,  covered  ])y  the  psoas  muscle.  ■ 

A  needle  ])assed  tlirough  the  inner  extremity  of  the  eleventh  intercostal  space 
will  transfix  the  suprarenal  body. 

The  pus  of  a  perinephritic  abscess  occupies  the  extraperitoneal  fatty  layer  (peri- 
renal fat),  and  lies,  therefore,  within  the  fascial  envelope  of  the  abdomen  ;  the  pus  in 
a  psoas  abscess,  on  the  other  hand,  lies  external  to  the  fascia.  In  opening  a  psoas 
abscess  from  behind,  a  vertical  incision  is  made  in  the  angle  formed  by  the  outer 
border  of  the  erector  spinte  and  the  crest  of  the  ilium ;  in  the  deeper  part  of  the 
dissection  the  surgeon  should  keep  close  to  the  front  of  the  transverse  process  of 
the  fourtli  lumbar  vertebra. 

Diaphragm,  Liver,  Stomach,  and  Large  Intestine. — Posteriorly  the  right 
arch  of  the  diaphragm  and  the  right  lol)e  of  the  liver  extend  upwards  to  the  level 
of  the  angle  of  the  scapula  (eighth  rib),  while  the  left  arch  and  the  fundus  of  the 
stomach  lie  1  in.  lower  (eighth  interspace) ;  the  central  tendon  reaches  up  to 
the  eighth  dorsal  spine.  The  right  lobe  of  the  liver  is  covered  posteriorly  by  the 
eighth  to  the  twelfth  ribs,  and  is  overlapped  by  the  base  of  the  right  lung  as  far  as 
a  line  drawn  horizontally  outwards  from  the  tenth  dorsal  spine ;  hence,  posteriorly, 
the  upper  limit  of  the  liver  cannot  be  defined  by  percussion,  and  its  lower  limit 
merges  into  the  dulness  of  the  loin  muscles  and  kidney. 


THE  BACK. 


1195 


The  cardiac  orifice  of  the  stomach  lies  1  in.  to  the  left  of  the  ninth  dorsal 
spine.    The  cardiac  portion,  overlapped  by  the  ninth  to  the  twelfth  ribs,  extends 


Fig.  808. — Postekior  Aspect  of  Trunk,  showinu  Surface  Topography  of  Viscera. 
T.      Trachea.  Sp.     Spleen.  P.  Pancreas. 

A.     Aorta.  L.      Liver.  ■     PL  Pleura. 

L.L.  Left  lung.  S.R.   Suprarenal  body.  D.C.  Descending  colon. 

R.L.  Right  huig.  L.K.  Left  kidney.  A.C.  Ascending  colon. 

St.     Stomach.  R.K.  Right  kidney.  R.  Rectum. 

upwards  to  the  level  of  the  eighth  dorsal  spine,  1  in.  below  the  angle  of  the  scapula. 
The  pyloric  portion  crosses  the  mesial  plane  opposite  the  twelfth  dorsal  and  first 
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lumbar  spines,  the  pylorus  itself  l)einy  situated  1  iu.  to  the  right  of  the  twelfth 
dorsal  spine.  The  lesser  curvature  lies  to  tlie  left  of  and  below  the  tenth  and 
eleventh  dorsal  spines. 

Viewed  from  behind,  the  large  intestine  on  botli  sides  overlaps  the  outer  border 
of  the  kidneys  and  lies  parallel  to  the  outer  liortler  of  the  erectores  spinte  muscles. 
The  peritoneum  is  reflected  from  the  colon  on  to  the  posterior  abdominal  wall  along 
a  line  drawn  vertically  upwards  from  the  centre  of  the  iliac  crest.  The  splenic  flexure, 
which  reaches  up  to  the  level  of  the  t\^e]fth  dorsal  spine  and  the  tenth  rib,  lies 
about  5  in.  above  the  iliac  crest.  The  hepatic  flexure  lies  on  a  lexel  with  the  first 
hnnbar  spine. 

Spleen. — Tlie  convex,  postero-external,  or  diaphragmatic  surface  of  the  spleen  is 
overlapped  by  the  ninth,  tentli,  and  eleventh  ribs,  the  long  axis  of  the  organ  nearly 
corresponding  to  that  of  the  tenth  rili  (Fig.  785,  p.  1150).  The  spleen  is  placed 
further  back  than  is  often  supposed,  its  postero-internal  or  verteliral  angle  (a})ex  of 
spleen,  according  to  Cunningham)  being  situated  on  a  level  with,  and  1^-  in.  external 
to,  the  tenth  dorsal  spine.  Its  antero- external  angle  (anterior  basal  angle  of 
Cunningham),  which  lies  on  a  level  with  the  twelfth  dorsal  spine,  reaches  forwards 
as  far  as  the  mid-axillary  line,  where  it  is  overlapped  by  the  tenth  rib.  The 
posterior  basal  angle  lies  on  a  level  with,  and  about  4  in.  external  to,  the  first 
lumbar  spine,  in  a  line  drawn  vertically  upwards  from  a  point  1  in.  behind  the 
centre  of  the  iliac  crest.  This  angle  is  situated  opposite  the  eleventh  intercostal 
space,  behind  the  upper  part  of  the  descending  colon  and  immediately  external  to 
the  middle  of  the  outer  ])order  of  the  kidney. 

Having  placed  a  mark  on  the  skin  corresponding  to  these  three  angles,  the  out- 
line of  the  organ  is  delimited  as  follows  : — Comnrencing  at  the  vertebral  angle,  the 
ujjper  border  is  arched  upwards  so  as  to  reach  the  level  of  the  ninth  rib  in  the 
scapular  line,  thence  it  descends  across  the  posterior  axillary  line,  as  the  so-called 
anterior  notched  border,  to  end  in  the  mid-axillary  line  at  the  antero-external  angle. 
The  postero-inferior  or  renal  border  is  drawn  from  the  vertebral  to  the  inferior 
(posterior  basal)  angle  along  the  eleventh  intercostal  space.  The  short  antero- 
inferior border  unites  the  anterior  and  posterior  basal  angles.  The  upper  third  of 
the  spleen  is  overlapped  by  the  base  of  the  lung  (diaphragm  and  pleura  interven- 
ing), which  crosses  it  horizontally  at  the  level  of  the  tenth  dorsal  spine  ;  hence  the 
upper  limits  of  the  spleen  cannot  be  defined  by  percussion.  The  postero-inferior 
limit  of  the  splenic  dulness  merges  into  that  of  the  kidney  and  the  thick 
muscular  tissues  of  the  loin.  The  only  parts  of  the  splenic  outhne,  therefore, 
which  can  be  defined  by  percussion  are  part  of  the  upper  arched  border,  and  the 
antero-external  and  short  antero-inferior  borders.  The  dull  area  lies  between  the 
posterior  and  mid-axillary  lines,  and  reaches  down  to  within  a])out  two  inches  of 
the  costal  region. 

Pancreas. — The  head  of  the  pancreas  lies  opposite  the  last  dorsal  and  first 
lumbar  spines  ;  the  tail  lies  at  the  same  level  as  the  splenic  flexure  of  the  colon,  a 
little  above  the  posterior  basal  angle  of  the  spleen  (Fig.  735,  p.  1089). 

Table  indicating  the  Level  of  the  more  important  Structures  in 

RELATION  TO  THE  SpINES  OF  THE  VeRTEBR^:. 

Level  of  other  Structures. 


Spines  of  Vertebrae. 

Origins  of  Spinal  Nerves. 

1  Cervical 

1 

2  Cervical 

3  and  4 

3 

.5  „ 

4 

6  „ 

5 

6  „ 

8  „ 

1  and  2  Dorsal 

1  Dorsal 

3 

Soft  palate. 
Isthmus  of  fauces. 
Upper  2)arl  of  ejiiglottis. 
Vocal  cords. 

Crico-tliyroid  inembrane. 
I^Arcli  of  thoracic  duct. 
\Coininencenient  of  trachea  and  u?so]ihagus. 
/  Lower  end  of  cer'V'ical  enlargement  of  cord. 

Inferior  cervical  ganglion. 
I  Apices  of  lung. 

Summit  of  arch  of  subclavian  arterv- 


THE  BACK. 


1197 


Table  indicating  the  Level  of  the  moke  important  Structures  in 
RELATION  TO  THE  Spines  OF  THE  Vertebr^ — Continued. 


Spines  of  Vertebrae. 


2  Dorsal 


Origins  of  Spinal  Nerves. 


4  Dorsal 


5  aiid  6 


5  » 

6  „ 

7  „ 


10 


11 


1-2 


1  Lumbal 

2 
3 


1  Sacral 
2 


8 
9 

10 


1] 


12  Dorsal  and  1  Lumbar 


2  Lumbar 


3  and  4 


1,  2,  3  Saural 


4  and  5 


Level  of  other  Structures. 


('  UpiJer  angle  of  .scapula. 

I  Just  aljove  level  of  highest  pai  t  of  arch  of 

'j  aorta. 

vEpisternal  notch. 

r  Root  of  spine  of  scapula. 

Arch  of  vena  azygos  major. 

Highest  2Jart  of  lower  loljes  of  lungs. 

Termination  of  transverse  portion  of  arch 
of  aorta. 

Bifurcation  of  trachea. 

Lower  limit  of  superior  mediaslinum. 

Angulus  Ludovici. 

Commencement   of   descending  thoracic 
aorta. 


I  Bronchi. 


Upper  limit  of  heart. 
(  Centre  of  root  of  lung. 
I  Mitral  orifice. 

Tricusjjid  orifice, 
r  Lower  angle  of  scapula, 
-j  Orifice  of  inferior  \'ena  cava. 
I  Right  arch  ( )f  diaf)hragm. 

(Lowest  limit  of  heart. 
Left  arch  of  diaphragm. 
Fundus  of  stomach. 
Xiphi -sternal  articulation. 
/  Upi>er  limit  of  spleen. 
I  Cardiac  orifice  of  stomach. 
rUpper  end  of  lumbar  enlargement. 
I  Lower  border  of  lung,  jiosteriorly. 
Vertebral  angle  of  spleen  (apex  of  spleen). 
Uj)per  end  of  left  kidney. 
Lesser  curvature  of  stomach. 
Lo\^"er  limit  of  pleura  at  vertebral  column. 
U})per  end  of  l  ight  kidney. 
-[  Suprarenal  capside. 

Body  of  pancreas. 
I  Lesser  curvature  of  stomach. 
'Level  at  which  pleura  crosses  t\\'elfth  rili. 
Lower  end  of  spleen. 
Splenic  flexure  of  cohm. 
Upper  part  of  head  of  pancreas. 
Pylorus  and  j^yloric  portion  of  stomach. 
CConus  meduUaris. 

Lower  limit  of  pleura  (mid-axillary  line). 
Hili  of  kidneys. 
Head  of  pancreas. 
Hepatic  fiexure  of  colon. 
Portal  vein. 

Second  part  of  duodenum. 

Greater  curvature  of  stomach. 

Common  bile  duct. 
/■Commencement  of  ureters. 
\  Lowest  part  of  head  of  jjanci'eas. 

Lower  limit  of  cord  in  child. 

Lower  ends  of  kidneys. 

Third  part  of  duodenum. 

Highest  part  of  crest  of  ilium. 

Bifurcation  of  aorta. 

Umbilicus. 
|- Common  iliac  arteries. 

Ileo-c;ecal  valve. 

Sacral  promontory. 

Lower  end  of  subdural  space. 
rUpper  end  of  gluteal  cleft. 
J  Lower   limit  of  sub-araclinoid  and  sub- 
I     d'llral  spaces. 
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Spinal  Cord. — The  spinal  cord  ends  opposite  the  lower  border  of  the  first 
hnnbar  spine  ;  in  the  infant  it  reaches  to  the  interval  between  the  second  and 
third  lumbar  spines.  The  cervical  enlargement  which  corresponds  to  the  lower 
four  cervical  and  the  first  two  dorsal  segments  ends  opposite  the  seventh  cervical 
spine.  The  lumbar  enlargement  lies  opposite  the  last  three  dorsal  spines.  The 
five  lumbar  segments  are  opposite  the  ninth,  tenth,  and  eleventh  dorsal  spines, 
while  the  five  sacral  segments  extend  from  the  lower  border  of  the  eleventh  dorsal 
to  the  lower  liorder  of  the  first  lumbar  spine. 

The  sub-dural  space  extends  down  to  the  \e\el  of  the  second  sacral  spine.  In 
performing  the  operation  of  lumbar  p^'-ncture  (Quincke)  a  fine  trochar  and  cannula 
is  introduced  into  the  subarachnoid  space  below  the  level  of  the  cord,  the  puncture 
being  made  I  to  h  in.  to  one  side  of  the  interspinous  ligament  in  the  interval 
between  the  third  and  fourth  or  fourth  and  fifth  lumbar  spines.  The  instrument 
should  be  directed  inwards  towards  the  mesial  plane  and  very  slightly  upwards. 
In  the  adult  the  distance  of  the  thecal  sac  fronr  the  surface  is  al>out  2  in.,  in  the 
infant  4  in. 

Fracture-dislocations  of  the  spine  are  commonest  in  the  lower  cervical  and 
dorso- lumbar  regions;  that  is  to  say,  where  the  movable  cervical  and  lumbar 
regions  johi  the  more  fixed  dorsal  region.  The  spinal  column  above  the  injury 
is  generally  displaced  forwards,  so  that  the  spinal  cord  is  often  severely  lacerated 
or  completely  torn  across  by  the  upper  end  of  the  portion  of  the  column  below 
the  fractiue.  It  is  important  to  remember  that  in  consequence  of  the  shortness 
of  the  cord  as  compared  with  the  spine,  the  origins  of  the  spinal  nerves  are  at  a 
higher  level  than  their  exits  from  the  spinal  canal.  The  distance  between  their 
origins  from  the  cord  and  their  exits  through  the  intervertebral  foramina  l)ecomes 
greater  the  further  down  we  descend,  the  lowest  nerve  trunks  running  almost 
vertically  downwards.  The  cervical  nerves  leave  the  spinal  canal  above  the 
vertebra'  after  which  they  are  named ;  the  dorsal,  lumbar,  and  sacral  nerves,  on 
the  other  hand,  leave  the  canal  below  the  correspondingly  named  vertebrte. 

To  luidcrstand  the  effect  of  lesions  of  the  cord,  it  is  necessary  to  l)e  famihar  with 
the  sensory  and  motor  distributions  of  the  various  spinal  segments  (see  Figs.  422,  p.  569,  and 
424,  p.  573).  Tran.sverse  lesions  of  the  cord  a/joce  the  Jifth  cervical  ^pme  (that  is,  above 
the  disc  between  tlie  fourth  and  fifth  cervical  vertebne)  are  quickly  fatal  from  paralysis  of 
respiration,  as  the  phrenic  nerve  arises  mainly  from  the  fourth  segment.  In  transverse 
lesions  of  the  cervical  enlargement  the  cutaneous  insensibility  does  not  extend  higher  than  a 
transverse  line  at  the  level  of  the  second  intercostal  space.  The  diagnosis  of  the  particular 
segment  involved  is  arrived  at  by  testing  the  motor  and  sensory  functions  of  each  segment. 
The  sensory  areas  corresponding  to  the  lower  four  cervical  and  X\\&  first  two  dorsal  segments 
occupy  the  upper  extremities,  and  are  placed  in  numerical  order  from  the  radial  to  the 
ulnar  side  of  the  limb.  The  sensory  area  cori'esponding  to  the  second,  third,  and  fourth 
cervical  segments  occupy  the  occipital  region  of  the  scalp,  the  back  of  the  auricle,  and 
the  masseteric  region,  the  whole  of  the  neck,  and  the  shoulders  and  upper  j^art  of  the 
chest  down  to  a  horizontal  line  at  the  level  of  the  anterior  end  of  the  third  intercostal 
space.  In  total  transverse  lesion  of  the  cord  in  the  dorsal  region,  the  upper  limit  of  the 
antesthesia  is  horizontal,  and  reaches  to  the  level  of  the  terminations  of  the  anterior  primary 
divisions  of  the  spinal  nerves  which  arise  from  the  spinal  segment  opposite  the  vertebral 
injury.  Hence  the  upper  limit  of  the  antesthesia  is  at  a  much  lower  level  than  that  of  the 
injured  vertebra.  For  example,  a  fracture-dislocation  at  the  level  of  the  eighth  dorsal 
vertebra  involves  the  origin  of  the  tenth  dorsal  nerve  which  ends  at  the  level  of  the 
umbilicus.  The  sensory  zone  corresponding  to  the  fifth  dorsal  segment  is  at  the  level 
of  the  nipples,  that  of  the  sem-ntli  dorsal  segment  is  at  the  level  of  the  ensiform  cartilage, 
that  of  the  tenth  at  the  level  of  the  umbilicus,  while  that  of  the  twelfth  reaches  down 
anteriorly  to  the  upper  border  of  the  symphysis.  The  sensory  areas  corresponding  to 
the  lumbar  and  sacral  segments  are  seen  in  Figs.  422  and  424. 

THE  UPPEK  EXTREMITY. 
THE  SHOULDER. 

The  bony  landmarks  of  the  shoulder  must  be  systematically  examined  in  all 
injuries  about  this  region.    The  inner  extremity  of  the  clavicle  is  prominent ;  its 
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articulation  with  the  sternum  forms  essentially  a  weak  joint  which  is  liahle  to  be 
dislocated,  especially  from  blows  upon  the  outer  part  of  the  shoulder  which  drive 
the  inner  end  of  the  clavicle  forwards  against  the  weak  anterior  sterno-clavicular 
ligament.  The  shaft  of  the  ciavicle,  subcutaneous  throughout,  is  weakest  at  the 
junction  of  its  two  curves ;  it  is  in  this  region  that  the  bone  is  so  frequently 
fractured  as  the  result  of  force  transmitted  through  it  to  the  trunk.  The  dis- 
placement of  the  outer  fragment  varies  according  to  whether  the  break  takes  place 
internal  or  external  to  the  coraco-clavicular  ligament ;  in  the  former  case  the  weight 
of  the  upper  extremity,  acting  through  tlie  coraco-clavicular  ligament,  pulls  the 
outer  fragment  downwards  ;  when  the  fracture  is  external  to  the  ligament,  the  outer 
end  of  the  clavicle  rotates  forwards,  but  there  is  no  downward  displacement.  The 
outer  end  of  the  clavicle  is  on  a  plane  posterior  to  its  inner  end,  so  that  the  shoulder  is 
braced  backwards  away  from  the  thorax  ;  hence  in  fractures  of  the  clavicle,  both 
inside  and  outside  the  coraco-clavicular  ligament,  the  point  of  the  shoulder  rotates 
forwards  and  inwards.  The  acromio-clavicular  articulation  is  somewhat  difficult  to 
feel ;  the  groove  which  corresponds  to  it  runs  in  the  sagittal  direction,  and  lies 
1^  in.  internal  to  the  outer  border  of  the  acromion,  and  immediately  external  to  a 
slight  prominence  upon  the  outer  extremity  of  the  clavicle.  When  this  joint  is 
dislocated  the  clavicle  almost  in^'ariably  overrides  the  acromion,  and  the  summit 
of  the  shoulder  presents  a  somewhat  conical  or  "  sugai'-loaf  "  appearance. 

The  tip  of  the  acromion  looks  directly  forwards,  and  lies  a  finger's  lireadth 
external  to  and  a  little  in  front  of  the  outer  extremity  of  the  clavicle.  The  outer 
border  of  the  acromion  can  readily  be  followed  to  its  junction  with  the  spine  of  the 
scapula,  and  the  latter  to  its  root,  which  is  situated  on  a  level  with  the  third  dorsal 
spine.  The  inner  border  of  the  acromion  and  the  posterior  border  of  the  outer  end 
of  the  clavicle  meet  at  an  angle  into  which  the  point  of  the  finger  can  be  pressed. 
The  upper  angle  of  the  scapula,  covered  l)y  the  trapezius  and  the  supraspinatus 
muscles,  is  too  deeply  placed  to  be  palpated  distinctly.  The  inferior  angle,  and 
the  internal  border,  from  the  root  of  the  spine  downwards,  form  visible  prominences 
which  are  readily  felt ;  the  former  overlies  the  seventh  intercostal  space  on  a  level 
with  the  seventh  dorsal  spine,  while  the  latter  lies  a  little  internal  to  the  angles  of 
the  ribs. 

To  elicit  crepitus  in  a  transverse  fracture  of  the  scapula  below  the  spine,  the  surgeon 
stands  behind  the  patient  and  grasps  the  upper  fragment  by  placing  the  forefinger  upon 
the  coracoid  and  the  thumb  upon  the  spine,  while  with  the  other  hand  lie  grasps  the 
inferior  angle  ;  the  two  fragments  arc  then  moved  the  one  upon  the  other. 

Tlie  tip  of  the  coracoid  process  may  be  felt  by  pressing  the  finger  firmly  upon  the 
anterior  border  of  the  deltoid  at  a  point  1  in.  below  the  junction  of  the  middle 
and  outer  thirds  of  the  clavicle.  Internal  to  the  coracoid  is  a  triangular  depres- 
sion which  corresponds  to  the  upper  end  of  the  interval  between  the  clavicular 
fibres  of  the  pectoralis  major  and  deltoid  muscles.  Behind  this  triangular  depres- 
sion are  the  termination  of  the  cephalic  vein,  a  lymY)hatic  gland,  the  first  part  of 
,  the  axillary  vessels,  and  the  cords  of  the  brachial  plexus.  By  firm  pressure  in  this 
situation  the  pulsation  of  the  axillary  artery  can  be  felt,  and  Ijy  further  pressure 
the  circulation  in  the  vessel  can  be  arrested  by  compressing  the  artery  against  the 
second  rib.  The  first  fart  of  the  axillary  artery  may  be  cut  down  upon  either  by 
a  transverse  incision  through  the  clavicular  origin  of  the  pectoralis  major,  or  by  a 
longitudinal  incision  in  the  interval  between  this  muscular  slip  and  the  deltoid. 
The  companion  vein  lies  in  front  of,  as  well  as  to  the  thoracic  side  of  the  artery, 
thus  adding  to  the  difficulty  of  exposing  the  vessel.  In  fractures  of  the  middle 
third  of  the  clavicle  the  su].)elavian  vessels  are  protected  by  the  soft  pad  formed  )jy 
the  subclavius  muscle. 

The  upper  end  of  the  humerus  covered  by  the  deltoid  gives  rotundity  to  the 
shoulder.  The  greater  tuberosity  projects  beyond  the  acromion,  and  constitutes  the 
most  external  bony  landmark  of  the  shoulder.  When  the  head  of  the  bone  is  dis- 
located, the  outer  border  of  the  acromion  then  liecomes  the  most  external  Ijony 
landmark,  and  the  shoulder  presents  a  square  contour.  The  lesser  tuberosity,  small 
but  conical,  can  be  felt  through  the  deltoid.    Pointing  directly  forwards,  it  lies 
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1  in.  external  to  and  a  little  below  the  level  of  the  tip  of  the  coracoid  process.  In 
examining  the  upper  end  of  the  humerus  for  fracture,  the  tuberosities  should  be 
grasped  between  the  finger  and  thumb  of  one  hand,  while  the  flexed  elbow  is 
rotated  with  the  other  hand.  The  head  of  the  humerus  has  the  same  direction  as 
the  internal  condyle ;  its  lower  part  can  be  palpated  through  the  axilla,  the  arm 
Iteing  meanwhile  abducted,  to  bring  the  head  in  contact  with  the  under  suj.'face  of 
the  capsule.  It  is  through  this,  the  weakest  part  of  the  capsule,  that  the  head  is 
driven  in  the  common  varieties  of  dislocation  of  the  shoulder,  viz.  those  due  to 
forcible  aliduction.  The  upper  epiphysis  of  the  humerus  includes  the  head  and  the 
greater  yjart  of  the  tulierosities.  The  capsule  is  mainly  attached  to  the  epiphysis ; 
hence,  in  children,  we  find  that  separation  of  the  upper  epi})hysis  takes  the  place  of 
dislocation.  Disease  in  the  upper  end  of  the  diaphysis  does  not  necessarily  involve 
the  cavity  of  the  joint.  Tlie  bicipital  groove  of  the  humerus,  which  lies  immedi- 
ately external  to  the  lesser  tulierosity,  may  be  mapped  out  upon  the  surface  by 
drawing  a  line,  two  inches  in  length,  downwards  along  the  axis  of  the  humerus 
from  the  tip  of  the  acromion.  When  there  is  effusion  into  the  joint,  the  arm  be- 
comes slightly  abducted,  and  there  is  fulness  in  front,  along  the  line  of  the  long 
tendon  of  the  biceps.  With  the  elbow  at  the  side  the  inferior  part  of  the  capsule 
of  the  shoulder-joint  is  loose  and  folded  upon  itself  to  form  a  dependent  pocket ; 
if,  after  an  injury,  the  arm  be  retained  too  long  in  this  position,  the  patient  may  be 
unal)le  to  abduct  tlie  arm  in  consequence  of  the  formation  of  adhesions  in  aiul 
around  the  pouch.  To  evacuate  pus  from  the  shoulder  joint,  the  integuments, 
deltoid,  aiul  capsule  should  be  cut  into  by  an  incision  passing  vertically  downwards 
from  the  tip  of  the  acromion. 

THE  AXILLA. 

The  anterior  fold  tif  the  axilla,  formed  by  the  lower  border  (jf  the  pectoralis 
major,  extends  from  the  fifth  rib  to  the  middle  of  the  anterior  border  of  the  deltoid. 
With  the  arm  abducted,  the  interval  between  the  sternal  and  clavicular  fibres  of 
the  pectoralis  major  is  indicated  ])y  a  slight  groove  extending  downwards  and  oi;t- 
wards  from  the  inner  end  of  the  clavicle.  The  sternal  fibres,  along  with  the 
pectoralis  minor,  are  removed  in  a  complete  operation  for  mahgnant  disease  of  the 
l)reast,  the  pectoral  branches  of  the  thoracic  axis  artery  being  secured  as  they 
cross  the  interval  between  the  sternal  and  clavicular  portions  of  the  greater  pectoral. 
The  posterior  fold  of  the  axilla,  formed  by  the  latissimus  dorsi  and  the  teres  major 
muscles,  is  (in  a  lower  level  than  the  anterior  fold,  and  leaves  the  chest  a  little  in 
front  of  the  inferior  angle  of  the  scapula.  Between  the  two  folds,  and  running  in 
the  long  axis  of  the  lim]>,  from  the  axilla  to  the  middle  of  the  upper  arm,  is  the 
prominence  of  the  coraco-brachialis  muscle.  The  pulsations  of  the  third  part  of 
the  axillary  artery  may  be  felt  in  the  fuirow  immediately  behind  this  prominence 
at  the  junction  of  the  anterior  and  middle  thirds  of  the  outer  wall  of  the  axilla. 

Female  Mamma. — The  breast  tissue  proper  is  arranged  to  form  a  central 
portion,  the  corpus  inammcc,  and  a  peripheral  portion,  made  iip  of  branching 
processes  which  radiate  into  the  paramammary  fat  and  become  continuous 
idtimately  with  the  connective-tissue  septa  of  the  subcutaneous  fatty  tissue.  The 
mamma,  therefore,  has  no  distinct  capsule.  In  the  young  adult  nullipara,  the 
corpus  mamma;  is  compact  and  well  defined,  and  contains  but  little  intramammary 
fat,  while  the  peripheral  processes  are  relatively  small.  In  multipara,  the  corpus 
mamma?  contains  more  fat,  and  the  peripheral  processes  extend  more  widely  into 
the  paramammary  fat. 

Tlie  arraugeineut  and  extent  of  the  parenchyma  can  he  well  seen  by  treating  the  l)rea.'<t  with 
a  5  'per  rent  solntion  (if  nitric  acid.  It'  slices  of  the  fresh  organ  be  placed  in  this  solution  for  a 
lew  minutes  and  then  washed  under  running  water,  the  albumen  of  the  epithelial  cells  of  tlie 
jjarenchyma  is  coagulated,  while  the  connective  tissue  is  rendered  translucent  and  somewhat 
gelatinous.  The  ultimate  lobules  of  the parcnchtpua  now  appear  as  little  (1  to  2  ram.),  dull,  oj^aque, 
white,  sago-like  hodies,  arranged  in  graiie-like  clusters  around  the  finer  bi'anches  of  the  duets. 

The  parenchyma  is  prolonged  into  the  peripheral  processes,  into  the  suspensory 
ligaments  of  Cooper,  and  into  the  loose  retromammary  cellular  tissue  and  pectoral 
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fascia.  The  breast  tissue,  therefore,  has  a  much  wider  distribution  thau  was 
formerly  supposed.  Vertically,  it  extends  from  the  second  ri]j  to  the  sixth  costal 
cartilage  at  the  angle  where  it  begins  to  ascend  towards  the  sternum  :  horizontally, 
from  a  little  within  the  lateral  border  of  the  sternum,  opposite  the  fourth  rib,  to 
the  fifth  rib  in  the  midaxillary  line.  The  inner  hemisphere  of  the  mamma  rests 
almost  entirely  on  the  pectoralis  major ;  at  its  lowest  part  it  slightly  overlies  the 
iipper  part  of  the  aponeurosis  covering  the  rectus  abdominis  muscle.  The  upj^er 
quadrant  of  the  outer  hemisphere  rests  upon  the  greater  pectoral,  on  the  edge  of 
the  lesser  pectoral,  and  to  a  slight  extent  on  the  serratus  magnus,  upon  which 
it  extends  upwards  into  the  axilla  ("  axillary  tail "  of  Spence)  as  high  as  the  tliird 
rib,  where  it  comes  into  relation  with  the  thoracic  group  of  axillary  lymphatic 
glands.  The  remainder  of  the  oxUer  hemispliere  rests  almost  entirely  upon  the 
serratus  magnus,  except  the  lowest  part  which  overlaps  the  digitations  of  the 
external  obli(][ue  arising  from  the  fifth  and  sixth  ribs.  It  follows,  therefore,  that 
fully  one-third  of  the  vjhole  mamvia  lies  inferior  and  external  to  the  axillary 
border  of  the  pectoralis  major  muscle.  The  surgeon  must  cut  I)eyond  the  above 
limits  if  he  wishes  to  remove  the  whole  of  the  mammary  tissue. 

The  a.xillary  fascia  resists  the  spontaneous  rupture"  of  an  axillary  abscess,  which, 
therefore,  tends  to  spread  upwards  beneath  the  pectorals,  and  towards  the  root  of  the 
neck.  To  open  the  abscess  the  incision  should  be  made  upon  the  inner  wall,  behind, 
and  parallel  to,  the  long  thoracic  artery,  which  runs  under  cover  of  the  anterior  fold. 

Brachial  artery  Clavicle. 


Posterior  axillary  fold 
Fig.  809. — Axilla,  Inner  Aspect  of  Upper  Ahm  and  Elbow. 

The  axillary  lymphatic  glands  vary  greatly  in  size  and  nund:)er ;  many  are  no  larger 
than  a  pin's  head.  In  the  female  some  of  them  undergo  an  adipose  functional  involu- 
tion, whereby  they  come  to  resemble  fat  lobules.  The  central  f/roup  (Leaf),  embedded 
in  the  fat  immediately  beneath  the  axillary  fascia,  become  inflamed  in  poisoned  wounds  of 
the  upper  extremity ;  the  pectoral  group,  related  to  the  inner  wall  of  the  axilla  and  the 
long  thoracic  artery,  are  usually  the  first  to  become  diseased  in  affections  of  the  breast. 
In  malignant  disease  of  this  organ  the ^os<ej7or  (subscapular)  and  the  ojoira/ (subclavicular) 
groups  are  generally  affected,  as  are  also,  not  infrequently,  glands  situated  between  the 
pectorales  major  and  minor,  and  in  the  retro-pectoral  fascia  in  the  neighbourhood  of  the 
superior  thoracic  artery  (Rotter).  In  health  one  or  two  glands  can  usuallv  be  felt  by 
thrusting  the  fingers  upwards  and  inwards  beneath  the  anterior  fold,  the  arm  beino'  only 
slightly  abducted,  so  as  not  to  stretch  the  axillary  fascia.  In  clearing  out  the  axilla  for 
malignant  disease,  the  surgeon  removes  all  the  lymphatic  glands,  and,  as  far  as  possible, 
all  fat  and  fascia,  including  the  sheath  of  the  axillary  vein.  It  must  be  remembered 
that  the  lower  part  of  the  axillary  vein  lies  immediately  underneath  the  deep  fascia  of 
the  outer  wall  of  the  axilla;  in  cleaning  the  inner  wall  the  long  thoracic  nerve  must 
not  be  injured ;  and  in  removing  the  posterior  group  of  lymphatic  glands  the  long 
subscapular  nerve,  which  accompanies  the  subscapular  vessels,  must  be  avoided,  as  it 
is  doubly  important  to  retain  the  action  of  the  latissimus  dorsi  after  removing  the 
pectorals. 


76 


1202 


SUEFACE  AND  SUEGICAL  ANATOMY 


THE  UPPER  ARM. 


The  anterior  and  posterior  borders  of  the  deltoid  may  be  traced  from  the 
shoulder  gh-dle  to  the  insertion  of  that  muscle.  The  surface  relations  of  the  anterior 
])order  ha^  e  already  been  referred  to  ;  the  posterior  border  forms  a  well-marked 
and  important  landmark  as  it  crosses  the  angle  between  the  axillary  border  of  the 
scapula  and  the  upper  part  of  the  shaft  of  the  humerus.  By  making  an  incision 
along  this  part  of  the  posterior  border  of  the  deltoid,  and  retracting  the  edge  of  the 
muscle  upwards  and  outwards,  we  expose  the  surgical  neck  of  the  humerus,  the 
quadrilateral  opening  in  the  posterior  wall  of  the  axilla  transmitting  the  posterior 
circumflex  artery  and  the  circumflex  nerve  ;  a  little  lower  down  is  the  musculo- 
spiral  nerve.  The  coraco-brachialis,  the  guide  to  the  upper  half  of  the  brachial 
artery,  forms  a  prominence  occupying  the  upper  half  of  the  internal  bicipital  f  urrow. 
Traced  downwards  the  internal  bicipital  furrow  widens  out  into  an  elongated 
triangle.    This  triangle,  wliicli  may  be  termed  the  iiitemal  supracondyloid  triangle. 


Head  of  radiuh 
External  condyle 
Exten.sur  carpi  radiaiis  loiigior" 
Mtisculo-.spiral  nerve 
External  interninscniar  si'iitnni  Hiccp: 
CireuniHex  nerve 


Extensor  carpi  radiaiis  brevior 
Posterior  interosseons  nerve 

Extensor  ossis  nietaearpi  pollicis 
Middle  thecal  tubercle 
Styloid  process  of 
third  metacarpal 


Head  of  ulna 


Infraspinatus 


'J'l  icep.s  temlim 
Outer  head  of  triceps 
Posterior  border  of  deltoid 
Long  liead  of  triceps 
Teres  major 
Latissinnis  dorsi 


Posti-rioi'  1 
1'  lexor  carpi  ul 
Extensor  carpi  nln; 
I      ■    Extensor  comiuniiis  ilii 
I  Anconeus 
Tii>  of  olecranon  process 


mler  of  ulna 
nans 
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becomes  continuous  ))elow  with  the  inner  part  of  the  triangle  in  front  of  the  ])end 
of  the  elbow,  and  is  limited  posteriorly  by  the  internal  intermuscular  septum,  which 
may  be  felt  as  a  cord-like  band  extending  upwards  from  the  internal  condyle ;  tlie 
floor  of  the  space  is  formed  by  the  inner  part  of  the  brachialis  anticus.  Within 
the  triangle  are  the  following  important  structures,  enumerated  from  without  in- 
wards, :  the  brachial  artery,  the  median  nerve,  the  lower  part  of  the  basilic 
vein,  the  internal  cutaneous  nerve,  and  the  supracondyloid  lymphatic  glands,  two 
or  three  in  num))er.  Extending  upwards  from  the  external  condyle  to  the  insertion 
of  the  deltoid  is  the  external  intermuscular  septum,  which  is  pierced  at  the 
junction  of  its  upper  and  middle  thirds  by  the  musculo-spiral  nerve.  Between  the 
external  intermuscular  sejitum  and  the  outer  edge  of  the  biceps  is  the  ill-defined 
external  hicipital  furrov-,  tlie  lioor  of  which  is  formed  ])y  a  strip  of  the  brachialis 
anticus,  and,  nearer  the  ell  tow,  by  the  supinator  longus  and  extensor  carpi  radiaiis 
lorigior. 

The  posterior  compartment  of  tlie  upper  arm  is  occupied  by  the  triceps,  the  long 
head  of  which  can  be  traced  upwards  to  the  axillary  border  of  the  scapula  in  front 
of  the  posterior  border  of  the  deltoid  and  behind  the  posterior  fold  of  the  axilla. 
The  outer  head  of  the  triceps,  after  emerging  from  under  cover  of  the  lower  part 
of  the  posterior  border  of  the  deltoid,  is  continued  oblicpiely  down  the  outer  aspect 
of  the  upper  arm  as  a  well-marked  muscular  elevation.  Al>ove  the  olecranon  is 
the  strap-like  tendon  of  insertion  of  the  triceps,  which,  when  the  elbow  is  fully 
flexed,  forms  an  admirable  posterior  splint  in  supracondyloid  fractures  of  the 
humerus. 

The  brachial  artery,  slightly  overlapped  in  the  upper  half  of  the  arm  by  the 
coraco-])rachialis  and  in  the  lower  half  by  the  biceps,  can  be  felt  pulsating  through- 
out the  whole  length  of  the  anterior  part  of  the  internal  bicipital  furrows  The 
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course  of  the  vessel  may  be  mapped  out  upon  the  surface  by  drawing  a  line  from 
the  inner  border  of  the  coraco-brachialis,  at  the  level  of  the  posterior  fold  of  the 
axilla,  downwards  to  a  point  (opposite  the  neck  of  the  radius)  -|  in.  below  the 
middle  of  the  bend  of  the  elbow.  In  ligaturing  the  vessel,  the  edges  of  the 
coraco-brachialis  and  biceps  muscles,  together  with  the  median  nerve,  furnish  valu- 
able guides  to  the  artery,  the  mobility  of  which  is  often  a  source  of  trouble  in 
performing  the  operation. 

The  basilic  vein,  which  is  superficial  to  the  deep  fascia  in  the  lower  third  of  the 
upper  arm,  is  ^  isible  in  the  internal  supracondyloid  triangle  and  the  lower  part  of 
the  internal  bicipital  groove.  The  cephalic  vein  ascends  a  little  internal  to  the 
outer  edge  of  the  triceps  to  reach  the  interval  between  the  deltoid  and  pectoralis 
major. 

The  surface  guide  for  the  median  nerve  is  the  same  as  that  for  the  brachial 
artery.  The  ulnar  nerve  is  indicated  superficially  by  a  line  extending  from  the 
outer  wall  of  the  axilla  immediately  l)ehind  the  prominence  of  tlie  coraco-brachialis, 
to  the  back  of  the  internal  condyle ;  in  the  upper  half  of  the  arm  the  nerve  lies 
close  behind  the  brachial  artery  under  cover  of  the  basilic  vein,  while  in  the  lower 
half  it  lies  a  little  behind  the  internal  intermuscular  septum,  partially  embedded 
in  the  fibres  of  the  inner  head  of  the  triceps.  To  map  out  the  course  of  the  musculo- 
spiral  nerve,  first  mark  the  point  where  it  pierces  the  external  intermuscular 
septum,  viz.  the  junction  of  the  upper  and  middle  thirds  of  a  hue  extending  from 
the  insertion  of  the  deltoid  to  the  external  condyle ;  from  this  point  draw  a  line 
obliquely  downwards  and  forwards  to  the  front  of  the  external  condyle,  where  the 
nerve  divides  into  its  radial  and  posterior  interosseous  branches.  To  map  out  the 
nerve  as  it  lies  in  the  musculo-spiral  groove,  draw  a  line  from  the  same  point 
obliquely  upwards  across  the  prominence  formed  l»y  the  outer  head  of  the  triceps  to 
the  junction  of  the  posterior  fold  of  tlie  axilla  with  the  upper  arm.  In  fractures  ,of 
the  humerus  in  the  neighbourhood  of  the  insertion  of  the  deltoid,  the  nerve  is  not 
infrequently  lacerated,  or  so  involved  in  the  callus  as  to  produce  the  condition 
known  as  "  drop-uirist"  the  result  of  paralysis  of  the  extensor  muscles  of  the 
forearm.  To  cut  down  upon  the  nerve,  commence  the  incision  a  little  below  the 
point  where  it  pierces  the  external  intermuscular  septum,  and  carry  it  obliquely 
upwards  and  slightly  backwards  througii  the  outer  liead  of  the  trice^JS. 

The  shaft  of  the  humerus,  nowhere  subcutaneous,  is  most  readily  manipulated 
in  the  region  of  the  insertion  of  the  deltoid,  upwards  along  the  outer  head  of  the 
triceps,  and  downwards  behind  the  external  supracondyloid  ridge.  The  surgical 
neck,  situated  between  the  tuberosities  and  tlie  attachments  of  the  muscles  inserted 
into  the  region  of  the  bicipital  groove,  is  related  to  the  outer  wall  of  the  axilla,  and 
is  on  a  level  witli  the  junction  of  the  upper  and  middle  thirds  of  the  deltoid;  at 
the  same  level  are  the  circumflex  vessels  and  nerves. 

The  shaft  may  be  cut  down  upon  with  least  injury  to  soft  parts:  (1)  in  its  upper 
third,  anteriorly,  by  an  incision  extending  downwards  through  the  anterior  fibres  of  the 
deltoid,  jjarallel,  and  a  little  external,  to  the  bicipital  groove ;  the  sheath  of  the  biceps 
will  thus  be  avoided,  and  the  small  anterior  circumflex  artery  will  be  the  only  vessel 
divided.  (2)  In  the  tcpper  third,  p)osteriorIy,  by  an  incision  through  the  posterior  fibres 
of  the  deltoid,  the  bone  being  reached  just  external  to  the  origin  of  the  outer  head  of  the 
triceps,  thus  avoiding  the  musculo-spiral  nerve  ;  the  circumflex  vessels  and  nerves  will  be 
exposed  at  the  iq:)per  part  of  the  wound.  (3)  In  the  loirer  third,  by  an  incision  extending 
upwards  from  the  back  of  the  external  condyle  a  little  to  the  inner  side  of  the  external 
intermuscular  septum. 

THE  ELBOW. 

In  injuries  about  the  elbow  the  diagnosis  rests  mainly  upon  the  relative 
positions  of  tlie  bony  points,  which  are,  therefore,  of  great  importance.  The 
epicondylar  processes  of  the  humerus  are  both  subcutaneous  and  upon  the  same 
level,  the  internal  being  the  more  prominent.  In  the  extended  position  of  the 
elbow  the  tip  of  the  olecranon  is  on  a  level  with  a  line  joining  the  epicondyles ; 
when  the  forearm  is  flexed  the  olecranon  descends,  and  when  full  flexion  is 
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reached  it  lies  1  in.  ))elo\v  the  condyles,  and  in  a  plane  anterior  to  the  posterior 
surface  of  the  lower  end  of  the  humerus.  The  head  of  the  radius,  which  lies  nearly 
1  in.  below  the  external  epicondyle,  is  hest  manipulated  from  ))ehind  by  placing 
the  thumb  upon  it,  while  the  senii-tiexed  forearm  is  being  alternately  pronated 
and  supinated.  Upon  the  outer  part  of  the  posterior  aspect  of  the  extended 
elbow  is  a  distinct  dimple,  which  overlies  the  radio-humeral  articulation ;  this 
dimple,  along  with  the  hollows  on  either  side  of  the  olecranon,  becomes  effaced  in 
synovial  thickenings  and  effusions  into  the  joint.  Tlie  coronoid  process  is  situated 
too  deeply  to  be  distinctly  felt.  The  lower  epiphysis  of  tlie  humerus  includes  the 
articular  portion  of  the  lower  extremity  and  the  external  condyle;  it  is,  therefore, 
small  and  almost  entirely  intra-articular,  so  that  foci  of  disease  in  its  neighbour- 
hood soon  invade  the  cavity  of  the  joint.    The  internal  epicondyle  ossifies  as  a 


Vena  conies  of  brachial  artery  Brachial  artery 


Anconeus  Olecranon  fos.sa  of  humerus 

Fig.  811. — Tr.\nsverse  Section  through  the  Bexd  of  the  Elbow. 


separate  epiphysis  which  unites  with  the  Ljwer  end  of  the  diaphysis.  In  the  com- 
monest dislocation  of  the  ell)ow,  viz.  with  backward  displacement  of  both  bones  of 
the  forearm,  the  normal  relative  position  of  the  bony  points  is  lost,  whereas  in  a 
transverse  supracondyloid  fracture  the  normal  relations  are  maintained.  In  the 
child  the  head  of  the  radius  is  relatively  smaller,  and  less  firmly  kept  in  position 
by  the  orbicular  ligament  than  in  the  adult,  so  that  it  is  liable  to  be  partially 
dislocated,  giving  rise  to  the  condition  known  as  "  imlled  elboiv."  To  evacuate 
pus  from  the  elbow-joint  a  vertical  incision  should  l)e  made  over  the  dorsal  aspect 
of  the  joint,  immediately  external  to  the  olecranon. 

The  median  vein  is  seen  to  bifurcate  into  median  basilic  and  median  cephalic 
^  in.  below  the  middle  of  the  bend  of  the  elbow ;  opposite  the  same  point,  but 
beneath  tlie  deep  fascia,  is  the  bifurcation  of  the  brachial  artery.  The  median  basilic 
and  median  cephalic  veins  diverge  as  they  ascend  one  on  either  side  of  the  biceps 
tendon  ;  the  larger  of  the  two  veins,  \'y/,.  the  median  l)asilic,  is  usually  selected  for 
the  operations  of  venesection  and  transfusion.  When  th§  elbow  is  flexed  the  biceps 
tendon  can  be  traced  vertically  through  the  centre  of  the  bend  of  the  elbow  almost  to 
its  insertion.  Passing  downwards  and  inwards  from  the  inner  edge  of  the  tendon  is 
the  bicipital  fascia,  which  separates  the  median  basilic  vein  from  the  brachial  artery. 
If  the  finger  nail  be  insinuated  lieneatli  the  inner  edges  of  the  fascia  the  point  of  the 
finger  will  rest  upon,  and  feel  the  pulsations  of,  the  ])rachial  artery.  The  median 
nerve  descends  through  the  space  a  little  internal  to  the  brachial  artery.  The 
bifurcation  of  the  musculo-spiral  nerve  takes  place  in  front  of  the  external  condyle 
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under  cover  of  the  supinator  longus.  The  ulnar  nerve  can  he  rolled  lieneath  the 
linger  upon  the  hack  of  the  internal  condyle  :  its  position  renders  it  lia))le  to  injury 
in  severe  fra.ctures  ahout  the 
elbow,  and  in  excising  the  joint 
care   must   be   taken   not  to       Bracuiaiis  anticus- 

Cephalic  vein- 
Biceps  ir  — O 


injure  the  nerve. 


THE  FOBEARM  AND  HAND. 

The  upper  half  of  the  radius 

is  deeply  placed ;  the  lower  half 
is,  however,  easily  palpated. 
The  anterior  border  of  its  lower 
extremity  is  felt  as  a  prominent 
transverse  ridge,  situated  1  in. 
above  the  thenar  eminence ; 
immediately  below  the  ridge 
is  the  radio-carpal  articulation. 
The  tip  of  the  styloid  process, 
situated  nearly  -h  in.  lower  than 
that  of  the  ulna,  is  deeply 
placed  at  the  outer  side  of  the 
wrist,  in  the  hollow  between 
the  extensor  tendons  of  the 
first  and  second  phalanges  of 
the  thumb.  Upon  the  middle 
of  the  posterior  surface  of  the 
lower  end  of  the  radius  is  the 
dorsal  radial  tubercle  wliicli 
intervenes  between  the  extensor 
of  the  second  phalanx  of  the 
.thumb  and  the  short  radial 
the  wrist ;  the 
be  distinctly  felt, 
taken  guide 
end  of  Lister's 
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and  may  be 
to  the  upper 

dorso-radial  incision  for  excision 
of  the  wrist.  The  posterior 
border  of  the  ulna  is  subcu- 
taneous throughout,  and  may 
be  felt  along  the  interval  be- 
tween the  flexor  and  extensor 
carpi  ulnaris  muscles.  Upon 
the  ulnar  side  of  the  dorsal 
aspect  of  the  wrist  is  a  well- 
marked  rounded  prominence 
formed  by  the  lower  extremity 
of  the  ulna,  anterior  to  which  is  the  styloid  process,  the  deep  groove  between  the 
two  being  occupied  by  the  tendon  of  the  extensor  carpi  ulnaris. 

The  carpal  bones  are  built  up  so  as  to  form  an  arch,  converted  by  the  anterior 
annular  ligament  into  a  tunnel  ibr  the  transmission  of  the  flexor  tendons.  At  each 
extremity  of  the  arch  the  two  bony  points  to  which  the  ligament  is  attached 
furnish  important  landmarks.  These  bony  points  are  :  externally,  the  tubercle  of  the 
scaphoid  and  the  ridge  of  the  trapezium ;  internally,  the  pisiform  and  the  hook  of 
the  unciform.  The  tubercle  of  the  scaphoid  is  felt  immediately  above  the  root  of 
the  thenar  eminence,  midway  l)etween  the  tendons  of  the  extensor  ossis  metacarpi 
pollicis  and  the  flexor  carpi  radialis ;  \  in.  below  the  tubercle  of  the  scaphoid  is 
the  ridge  of  the  trapezium,  felt  deeply  beneath  the  inner  part  of  the  thenar 
eminence.    At  the  root  of  the  hypothenar  eminence,  and  crossed  by  the  crease 
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which  separates  the  forearm  from  the  hand,  is  the  pisiform  bone,  above  which  is  the 
tendon  of  the  flexor  carpi  nbiaris,  passing  to  be  inserted  into  it.  The  hook  of  the 
unciform  is  felt  deeply  l  ieneath  the  radial  side  of  the  hypothenar  eminence,  and  a 
full  finger's  breadth  l)elow  and  external  to  the  pisiform. 

The  bases  of  the  first,  third,  and  fifth  metacarpals,  all  of  which  can  be  readily 
identified  on  the  dorsal  aspect,  furnish  a  sufficient  guide  to  the  line  of  the  carpo- 
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metacarpal  articulations.  At  the  base  of  the  third  metacarpal  is  a  tubercle,  which 
can  be  felt  projecting  from  its  dorsal  aspect  at  a  point  If  in.  A  ertically  below  the 
tubercle  upon  the  back  of  the  lower  end  of  the  radius.  This  metacarpal  tubercle 
marks  the  insertion  of  the  extensor  carpi  radialis  brevior,  the  favourite  site  for 
the  development  of  a  "ganglion"  which  may  freqiiently  be  ruptured  by  pressing 
it  firmly  against  the  tubercle.  Anteriorly,  the  carpo- metacarpal  articulations 
correspond  to  the  lower  border  of  the  anterior  annular  ligament. 

The  prominences  of  the  knuckles  are  formed  entirely  by  the  heads  of  the 
metacarpal  bones.  Anteriorly,  the  metacarpo-phalangeal  articulations  are  situated 
I  in.  above  the  level  of  the  wel)  of  the  fingers;  posteriorly,  the  joints  may  lie  felt 
as  a  groove  immediately  aljove  the  projecting  ridge  at  the  base  of  the  first 
phalanges.  A  well-marked  crease  crosses  ol)liquely  over  the  anterior  aspect  of  the 
metacarpo-phalangeal  joint  of  the  thuml).     To  cut  into  the  first  interphalangeal 
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joints  from  the  front,  incise  along  the  highest  of  the  creases  in  front  of  the  joints ; 
whereas  to  cut  into  the  terminal  joints,  incise  along  the  lowest  of  the  creases  in 
front  of  the  joints.  Posteriorly,  the  first  and  terminal  interphalangeal  articu- 
lations are  opposite  the  distal  of  the  various  creases  overlying  the  joints. 

The  most  important  muscular  landmarks  upon  the  front  of  the  forearm  are  the 
supinator  longus,  the  flexor  carpi  radialis  and  the  pronator  radii  teres.  The 


Fig.  814. — Dorsal  Aspect  ov  Hand. 


supinator  longus  is  thrown  into  prominence  by  flexing  the  semi -prone  forearm 
against  resistance.  At  the  junction  of  the  upper  and  middle  thirds  of  the  forearm 
the  pronator  radii  teres  passes  beneath  the  supinator  longus ;  between  the  two  is 
the  radial  artery.  The  tendon  of  the  flexor  carpi  radialis  forms  a  prominent 
landmark  descending  along  the  middle  of  the  anterior  aspect  nf  the  forearm 
towards  the  ridge  of  the  trapezium  ;  the  tendon  of  the  palmaris  longus,  when 
present,  is  seen  to  its  inner  side. 

At  the  back  of  the  forearm  the  intermuscular  septum  lietween  the  radial  and 
common  extensors  corresponds  to  the  upper  part  of  a  line  extending  from  the 
external  epicondyle  of  the  liumerus  ti)  the  tubercle  on  the  back  of  the  lower  end  of 
the  radius.  The  posterior  interosseous  nerve,  at  the  point  at  which  it  emerges  from 
the  substance  of  the  supinator  l)revis,  will  l)e  found  at  the  bottom  of  this  septum, 
2  in.  below  the  head  of  the  radius ;  below  this  point  the  septum  is  the  best  line 
along  which  to  cut  down  upon  the  posterior  surface  of  the  radius.    Winding  across 
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the  lower  third  of  this  surface  is  an  ol)lique  ])roiniiieiice  caused  by  the  extensors 
of  the  metacarpal  bone  and  first  phalanx  of  the  thumb. 

The  flexor  sheaths  of  the  palm  and  of  the  digits  are  of  surgical  importance  in 
consequence  of  their  liability  to  suppurative  inflammation.  The  common  flexor  sheath 
begins  Ih  in.  above  the  annular  ligament,  under  which  it  extends  to  a  little 
below  the  middle  of  the  palm.  The  digital  flexor  sheaths  extend  from  the  bases  of 
the  terminal  phalanges  to  the  leA  el  of  tlie  distal  transverse  crease  of  the  palm, 
(jpposite  the  necks  of  the  metacarpal  bones,  unth  the  exception  of  the  sheath  of  the 
little  finger,  which  is  continuous  witli  the  common  flexor  sheath  of  the  })alm.  The 
sheath  of  the  flexor  longus  pollicis  extends  from  the  base  of  the  terminal  phalanx 
upwards  to  a  point  about  1  in.  al)ove  the  annular  ligament;  it  frequently  com- 
municates with  the  commf)n  flexor  sheath.  From  this  anatomical  arrangement 
it  follows  that  suppuration  in  the  sheaths  of  the  little  finger  and  thumb  is 
specially  liable  to  spread  u])wards  into  the  palm,  and  thence  underneath  the 
annular  ligament  into  the  forearm. 

The  pulsations  of  the  radial  artery  can  readily  be  felt  in  the  lower  third  of  the 
forearm,  midway  between  the  outer  l)order  of  the  radius  and  the  tendon  of  the 
flexor  cai'pi  radialis.  The  course  of  the  vessel  is  indicated  upon  the  surface  by 
a  line  extending  from  the  bifurcation  of  the  brachial  in.  below"  the  middle  of 
the  liend  of  the  elbow)  to  the  tubercle  of  the  scaphoid,  around  which,  and  below 
the  tip  of  the  styloid  process,  the  artery  winds  to  the  back  of  the  radial  side  of  the 
wrist ;  in  the  latter  situation  the  vessel,  after  passing  beneath  the  extensor  tendons 
of  the  thumb,  dips  into  the  palm  through  the  proximal  extremity  of  the  first  inter- 
osseous space.  Incisions  for  opening  or  resecting  the  wrist  are  planned  so  as  to 
avoid  the  \  essel. 

The  upper  third  of  the  ulnar  artery  is  deeply  placed,  and  takes  a  cur\"ed  course 
from  the  bifurcation  of  the  brachial  towards  the  inner  part  of  the  anterior  surface 
of  the  forearm ;  tiie  lower  two-thirds  of  the  vessel  correspond  to  the  lower  two- 
thirds  of  a  line  drawn  from  the  front  of  the  internal  condyle  to  the  inner  border  of 
the  pisiform  bone.  The  course  of  the  ulnar  nerve  corresponds  to  the  whole  of  the 
above  line. 

The  median  nerve  in  the  forearm  may  be  mapped  out  by  a  line  extending  from 
a  point  midway  lietween  the  centre  of  tlie  liend  of  the  elbow  and  the  internal  epi- 
eondyle,  to  a  point  midway  between  the  styloid  processes ;  in  the  lower  third  of 
the  forearm  the  line  follows  the  iinier  border  of  the  tendim  of  the  flexor  carpi 
radialis.  To  evacuate  pus  spreading  dee})ly  uj)  the  front  of  the  forearm,  the 
incisions  should  lie  made  on  either  side  of  tlie  line  corresp(jiiding  to  the  median 
nerve.  The  radial  nerve  winds  to  the  back  of  the  forearm  round  the  outer  border 
of  the  radius  beneath  the  tendon  of  the  supinator  longus,  at  tlie  junction  of  the 
middle  and  lower  thirds  of  the  forearm.  The  summit,  or  most  distal  })art  of  the 
superficial  palmar  arch,  corresponds  to  the  mid-point  of  a  line  extending  from  the 
middle  of  the  lowest  transverse  crease  of  the  wrist  to  the  root  of  the  middle 
finger ;  a  line  drawn  from  the  outer  border  of  the  pisiform  bone  across  the  hook 
of  the  unciform,  and  thence  in  a  curved  direction  downwards  and  outwards  to  this 
point,  corresponds  to  the  main  or  proximal  part  of  the  arch  :  the  first  and  fourth 
digital  branches  overlie  the  fifth  and  third  metacarpal  [lones  respecti^'ely,  while 
the  second  and  third  overlie  the  fourth  and  third  interspaces  respectively.  The 
deep  arch  lies  almost  transversely,  midway  between  the  lower  border  of  the  anterior 
annular  ligament  and  the  superficial  arch.  The  radialis  indicis  corresponds  to  the 
radial  border  of  the  index-finger. 

The  ulnar  nerve  and  the  commencement  of  its  two  diA'isions  lie  immediately  to 
the  inner  side  of  the  superficial  palmar  arch,  so  that  the  pisiform  and  the  hook  of 
the  unciform  are  the  guides  to  the  nerve.  The  median  nerve  emerges  from  beneath 
the  annular  ligament  opposite  the  inner  edge  of  the  thenar  eminence,  while  the 
digital  branches  to  the  thumb  follow  its  lower  margin.  Incisions  for  the  removal 
of  foreign  bodies  may  therefore  be  made  into  the  thenar  with  greater  fieedom 
than  into  the  hypo-tlienar  eminence. 

Incisions  to  evacuate  deep-seated  pus  in  the  palm  may  be  made  in  one  or  more  of 
the  following  situations  :  (1)  over  the  lower  two-third.s  of  the  second  metacari);il  bone  ;  (2) 
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over  the  distal  half  of  the  fourth  metacarpal  bone  ;  (3)  from  the  proximal  part  of  the  first 
incision  an  opening'  may  be  made  through  the  first  interosseous  space  on  to  the  dorsum, 
care  being  taken  to  keep  below  the  radial  arteiy  ;  (4)  a  longitudinal  incision  Ijetween  the 
median  and  ulnar  nerves,  on  the  proximal  side  of  the  superficial  palmar  arch.  At  the 
wrist  a  longitudinal  incision  may  be  made  immediately  internal  to  the  palmaris  longus 
tendon,  thus  falling  between  the  line  of  the  median  nerve  and  the  ulnar  artery.  To  open 
the  digital  flexor  sheaths,  incisions  are  made  along  the  middle  of  the  palmar  surface  of  the 
fingers  opposite  the  first  and  second  phalanges.  The  collateral  digital  vessels  and  nerves 
descend  along  the  lateral  aspects  of  the  fingers,  nearer  the  flexor  than  the  extensor 
surfaces.  In  cij.tting  down  upon  the  dorsal  aspects  of  the  phalanges,  the  incisions  should 
be  made  to  one  or  other  side  of  the  extensor  tendon,  preferably  upon  the  ulnar  side,  to 
avoid  division  of  the  insertions  of  lumbrical  muscles.  The  subcutaneous  tissue  of  the 
palmar  aspect  of  the  terminal  phalanges  is  connected  by  fibi'ous  processes  with  the 
periosteum ;  hence  the  frequency  of  necrosis  of  the  terminal  phalanx  in  siippurative 
inflammations  in  this  region. 

THE  LOWER  EXTREMITY. 
THE  BUTTOCK. 

.  The  region  of  the  hip  or  buttock  extends  from  the  crest  of  the  ilium  above  to 
the  gluteal  fold  below.  The  highest  point  of  the  iliac  crest,  situated  a  httle  behind 
its  middle,  is  on  a  level  with  the  fourth  lumbar  spine ;  the  anterior  superior  spine 
of  the  ilium  is  directed  forwards,  and  belongs  to  the  groin,  which  it  hmits  exter- 
nally ;  the  posterior  superior  spine,  situated  at  the  l)ottom  of  a  dimple  or  small 
depression,  is  on  a  level  with  the  second  sacral  spine,  and  corresponds,  therefore,  to 
the  middle  of  the  sacro-iliac  joint.  Two  and  a  half  inches  Ijehind  the  anterior 
superior  spine  is  a  prominence  upon  the  outer  lip  of  the  iliac  crest ;  this  pro- 
minence, which  is  termed  the  tubercular  point,  is  the  most  external  part  of  the  crest, 
and  will  be  again  referred  to  in  dealing  with  the  surface  anatomy  of  the  abdomen. 
A  hand's  breadth  l.ielow  the  tubercle  of  the  crest  is  the  great  trochanter  of  the 
femur,  the  most  external  bony  landmark  of  the  hip ;  its  anterior  and  posterior 
borders  are  best  felt  between  the  fingers  and  thumb,  while  the  limb  is  slightly 
abducted  to  relax  the  ilio-tibial  band,  and  if  the  thigh  be  now  rotated,  it  will  be 
noted  that  the  trochanter  rotates  around  the  segment  of  a  circle,  the  radius  of 
which  is  formed  by  the  head  and  neck  of  the  femur ;  in  non-impacted  fractures  of 
the  neck  of  the  femur  the  trochanter  rotates  around  the  segment  of  a  much 
smaller  circle.  Nelafoiis  line,  drawn  from  the  anterior  superior  spine  to  the  most 
prominent  part  of  the  ischial  tuberosity,  crosses  the  hip  at  the  \Qxe\  of  the  upper 
border  of  the  great  trochanter ;  this  line  is  employed  to  ascertain  the  presence 
or  absence  of  upward  displacement  of  the  trochanter.  Chiene  demonstrates  the 
relative  height  of  the  trochanters  by  stretching  two  tapes  across  the  front  of 
the  pelvis,  one  between  the  anterior  superior  spines,  and  the  other  l.ietween  the 
upper  borders  of  the  trochanters ;  the  lower  tape  will  converge  towards  the  upper 
on  the  side  of  the  upward  displacement.  A  line  prolonging  the  anterior  border  of 
the  great  trochanter  vertically  upwards  touches  the  iliac  crest  at  the  tubercular 
point.  The  ischial  tuberosity,  in  the  erect  posture,  is  overlapped  by  the  lower 
border  of  the  gluteus  maximus ;  its  most  prominent  part  is  felt  a  little  abo\  e  the 
inner  part  of  the  gluteal  fold.  If  the  hip  be  rotated  inwards,  the  lesser  trochanter 
of  the  femur  may  be  felt  by  deep  palpation  al)ove  the  outer  end  of  the  gluteal 
fold ;  it  corresponds  to  the  interval  between  the  lower  border  of  the  quadratus 
femoris  and  the  upper  border  of  the  adductor  magnus,  and  therefore,  also,  to  the 
level  of  the  internal  circumflex  artery. 

The  lower  border  of  tlie  gluteus  maximus  lies  a  little  abo\  e  the  gluteal  fold  inter- 
nally, crosses  it  about  its  middle,  and  is  continued  downwards  and  outwards  to 
meet  the  upper  end  of  the  furrow  of  the  external  intermuscular  septum,  at  the 
junction  of  the  upper  and  middle  thirds  of  the  femur.  The  inner  borders  of  the 
two  great  ghiteal  muscles  are  separated  by  the  deep  gluteal  cleft,  which  extends 
upwards  and  backwards  from  the  perineum  to  the  level  of  the  fourth  sacral  spine, 
where  it  opens  out  into  the  triangle  upon  the  back  of  the  sacrum.  Anteriorly  the 
buttock  is  limited  by  the  prominence  of  the  tensor  fasciae  femoris  muscle,  which 
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extends  downwards  and  somewhat  backwards  from  the  anterior  end  of  the  crest,  to 
join  the  ilio-tibial  band  below  the  root  of  the  great  trochanter. 

Tlie  gluteal  artery  reaches  the  ljuttock  immediately  below  the  upper  border  of 
the  great  sacro-sciatic  foramen,  opposite  a  point  corresponding  to  the  junction  of 
the  upper  and  middle  thirds  of  a  line  drawn  from  the  posterior  superior  iliac  spine 
to  the  upper  l)order  of  the  great  trochanter.  To  expose  the  vessel,  the  incision 
should  be  made  along  this  line,  which  has  the  advantage  of  running  parallel  to  the 
fibres  of  the  gluteus  maximus,  as  well  a.s  parallel  to  the  interval  between  the 
gluteus  niedius  and  jiyriformis  muscles. 

The  great  sciatic  nerve  enters  the  buttock  at  a  point  corresponding  to  the  junc- 
tion of  the  upper  and  middle  thirds  of  a  line  drawn  from  the  posterior  superior 
iliac  spine  to  the  ischial  tu))erosity:  from  this  ])oint  the  nerve  passes  downwards 
and  slightly  outwards  upon  the  ischium  to  a  point  midway  between  its  tuberosity 
and  tlie  great  trochanter.  Tlie  spine  of  the  ischium  and  the  pudic  vessels  are 
situated  opposite  the  junction  of  the  lower  and  middle  thirds  of  the  above  line.  The 
vessels  and  nerves  wliich  enter  the  buttock  through  the  great  sacro-sciatic  foramen 
heloio  the  pyriformis,  may  be  exposed  through  an  incision  ]>elow  and  parallel  to 
that  al)ove  described  for  ex])osing  the  gluteal  artery,  viz.  an  incision  corresponding 
to  the  middle  two-fourths  of  a  line  extending  from  the  upper  end  of  the  gluteal 
cleft  to  the  root  of  the  great  trochanter ;  the  deep  landmarks  are  the  lower  border 
of  the  pyriformis  and  the  root  of  the  ischial  spine. 

THE  BACK  OF  THE  THIGH. 

The  hamstring  muscles,  and  especially  the  tendon  of  the  liiceps  and  semi- 
tendinosus,  are  thrown  into  prominence  either  l)y  standing  on  tiptoes  with  the 

Femur      Rectus  femoris 


Great  sciatic  nerve    Bicejis     |  Semiinenibranosus 
Adiluctor  brevis 


Fid.  815. — Section  thhoui^h  TnniH  at  the  Level  ok  the  Upper  Part  of  Hunter's  Canal. 

knees  slightly  flexed,  or  l)y  flexing  the  leg  against  resistance.  By  throwing  the 
hamstrings  into  action,  the  line  of  the  external  intermuscular  septum  of  tlie  thigh  is 
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indicated  by  a  well-marked  furrow,  extending  from  the  lower  edge  of  the  insertion 
of  the  gluteus  maximus  to  the  outer  aspect  of  the  knee ;  behind  this  furrow  is  the 
biceps,  and  in  front  of  it  is  the  large  vastus  externus,  covered  by  the  strong  ilio- 
tibial  portion  of  the  fascia  lata.  The  shaft  of  the  femur  may  l)e  cut  down  upon 
along  the  whole  length  of  this  furrow  with  least  injury  to  the  soft  parts  ;  the  trigone 
of  the  femur  and  deep-seated  popliteal  abscesses  are  most  conveniently  reached 
through  the  lower  part  of  the  same  incision.  The  course  of  the  great  sciatic  nerve 
corresponds  to  the  upper  half  of  a  line  extending  from  a  point  midway  between 
the  tuberosity  of  the  ischium  and  the  great  trochanter  to  the  centre  of  the  popliteal 
space.  The  nerve  enters  the  thigh  under  cover  of  the  outer  border  of  the  biceps, 
whereas  the  small  sciatic,  which  takes  the  same  line,  descends  superficial  to  the 
biceps,  between  it  and  the  fascia  lata.  In  the  operation  of  stretching  the  great 
sciatic  the  nerve  is  cut  down  upon  immediately  ])elow  the  lower  border  of  the 


feeniinienibianosus  Seiiiitpmlinosu.s 
Fig.  816. — Section  thuouuh  the  TmiiH  immedi.\tely  abon-e  the  P.xtella. 

gluteus  maximus.  The  surgeon,  standing  on  the  side  of  the  patient  opposite  to 
the  leg  to  be  operated  iipon  (Chiene),  makes  an  incision  in  the  line  of  the  nerve 
through  the  integuments  and  fascia  lata,  and,  sweeping  the  index  -  finger 
round  the  outer  1)order  of  the  l)iceps,  hooks  iip  the  nerve  as  it  lies  between  that 
muscle  and  the  adductor  magnus.  The  external  popliteal  nerve  may  he  rolled  under 
the  finger  as  it  descends  immediately  l>ehind  the  tendon  of  the  l)iceps  and  the  head 
of  the  fibula  ;  so  close  is  the  nerve  to  the  tendon  that  the  latter  should  be  divided,  in 
cases  where  this  is  necessary,  ])y  the  open  method,  rather  than  subcutaneously. 

Abscesses  may  reach  the  flexor  coinpartiuent  of  the  thigh  from  various  sources,  viz.  :  (1)  i'rom 
the  posterior  aspect  of  the  lii])-joint ;  (2)  from  the  2>elvis  through  tlie  great  sacro-sciatic  foramen  ; 
(3)  from  one  or  other  of  the  bursre  under  the  gluteus  maximus  ;  (4)  from  the  front  of  the  liip-joint 
by  j)assing  backwards  under  tlie  tensor  fascite  femoris  ;  or  Ijy  winding  Ijackwards  Ijeneath  the  neck 
of  the  femur,  and  througli  the  interval  between  the  quadratus  femoris  and  the  adductor  magnus  ; 
(5)  from  the  iliac  fossa  under  Poupart's  ligament  into  Scarpa'*!  triangle,  and  thence  to  the  back  of 
the  thigli  by  one  or  other  of  the  routes  already  mentioned  ;  (6)  the  jms  may  spread  ujjwards  frou) 
the  trigone  of  the  femur,  tlie  knee,  a  ]wp]iteal  gland,  or  from  a  bursa. 
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THE  POPLITEAL  SPACE. 

When  the  knee  is  extended  the  popliteal  fascia  Ls  put  upon  the  stretch,  and 
obliterates  the  hollow  of  the  popliteal  space;  Ity  flexing  the  knee  the  fascia  is 
relaxed,  and  the  fingers  may  be  pressed  deeply  into  the  upper  or  femoral  division 
of  the  space  ;  as  a  rule,  the  pulsations  of  the  popliteal  artery  can  be  felt.  Beneath 
the  semitendinosus  is  the  fleshy  semimembranosus,  which  bulges  into  the  space  and 
overlaps  the  upper  part  of  the  popliteal  artery.  Between  the  semimemlu'anosus  and 
the  inner  head  of  the  gastrocnemius  is  the  most  important  bursa  in  the  popliteal 
region  ;  it  not  infrequently  becomes  distejided  with  fluid,  and  then  presents  usually 
a  more  or  less  sausage-shaped  outline ;  according  to  Holden,  the  bursa  communi- 
cates with  the  cavity  of  the  knee-joint  in  one  subject  out  of  five. 

To  map  out  the  line  of  the  popliteal  vessels  and  the  internal  popliteal  nerve,  draw 
a  line  from  a  point  a  little  internal  to  the  upper  angle  of  the  space  to  a  point  mid- 

Ghiteus  medius 
Tubercle  of  iliac  crest 

Anterior  superior  iliac  spine 

Linea  semilunaris 


Fig.  817. — The  Thigh  and  Ghoin. 


way  ])etween  the  condyles  of  the  femur,  and  thence  down  the  middle  of  the  space 
to  the  level  of  .the  lower  part  of  the  tubercle  of  the  tibia.  The  internal  popliteal 
nerve  lies  immediately  beneath  the  deep  fascia;  the  artery  is  separated  from  the 
trigone  of  the  femur  by  a  quantity  of  fat.  The  popliteal  lymphatic  glands  lie 
beneath  the  popliteal  fascia,  one  upon  the  internal  popliteal  nerve,  the  others  deeply 
in  the  space  (Leaf). 

THE  FRONT  OF  THE  THIGH. 

Between  the  front  of  the  thigh  and  the  al)domen  is  the  fold  of  the  groin,  at  the 
bottom  of  which  Poupart's  ligament  can  be  felt  as  a  tense  Ijand,  stretching  from  tbe 
anterior  superior  spine  of  the  ilium  to  the  spine  of  the  pubis.  The  anterior  superior 
spine  looks  directly  forwards  ;  comparati\'e  measurements  of  the  lower  extremities 
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are  made  by  stretching  a  tape  from  it  to  the  tip  of  one  or  other  of  the  malleoH,  care 
l)eing  taken  that  the  pelvis  is  horizontal,  and  the  limbs  in  corresponding  positions. 
The  pubic  spine  is  felt  under  the  upper  and  outer  part  of  the  mons  Veneris  and  at 
a  corresponding  point  in  the  male ;  between  the  spine  and  tlie  symphysis  is  the 
crest  of  the  pubis,  the  two  crests  together  forming  a  rounded  subcutaneous  bony 
ridge.  A  line  extending  from  the  pubic  spine  horizontally  outwards  across  the  front 
of  the  thigh  crosses  the  front  of  the  hip-joint  at  the  level  of  the  lower  part  of  the  head 
of  the  femur.  The  cord-like  tendon  of  the  adductor  longus  is  readily  felt,  and  a 
point  about  1  in.  below  the  pubic  spine  is  selected  for  performing  the  operation 
of  subcutaneous  tenotomy  of  the  tendon. 

The  centre  of  the  saphenous  opening  is  situated  1^  in.  below  and  external 
to  the  pubic  spine ;  it  overlies  the  inner  (hernial)  and  middle  (venous)  com- 
partments of  tlie  femoral  sheath ;  behind  the  outer  border  of  the  opening  is  the 
arterial  compartment  of  the  sheath ;  crossing  over  the  lower  border  is  the  termina- 
tion of  the  long  saphenous  vein.  A  femoral  hernia  makes  its  way  into  the  thigh 
beneath  the  upper  edge  of  the  opening.  The  course  of  the  long  saphenous  vein  in 
the  thigh  is  indicated  by  a  line  extending  from  the  adductor  tubercle  of  the  internal 
condyle  of  the  femur  to  the  lower  part  of  the  saphenous  opening. 

The  horizontal  or  inguinal  chain  of  lymphatic  glands  can  usually  be  felt  along,  and 
a  little  below,  the  line  of  I'oupart's  ligament ;  when  the  glands  are  inflamed  the 
surgeon  should  not  neglect  to  examine  the  Inittocks  and  anus  as  well  as  the 
external  genitals.  The  vertical  or  femoral  chain  lies  in  close  relation  to  the  upper 
end  of  the  long  saphenous  vein.  Deeper  glands  also  are  met  with  beneath  the 
cribriform  fascia,  close  to  the  inner  side  of  the  femoral  vein,  and  there  is  generally 
one  in  the  crural  canal.  To  clear  out  the  glands  in  the  groin  an  incision  should 
be  made  parallel  to,  and  a  finger's  breadth  below,  the  whole  length  of  Poupart's 
ligament. 

To  map  out  the  course  of  the  femoral  artery,  the  thigh  being  slightly  flexed  and 
rotated  outwards,  draw  a  line  from  the  mid-point  between  the  anterior  superior 
iliac  spine  and  the  symphysis  pubis  to  the  adductor  tubercle  at  the  upper  and  back 
part  of  the  internal  condyle ;  rather  less  than  the  upper  third  of  this  line  corre- 
sponds to  the  femoral  artery  in  Scarpa's  triangle,  while  rather  more  than  its  middle 
third  corresponds  to  the  artery  as  it  lies  in  Hunter's  canal.  The  seat  of  election 
for  ligature  of  the  vessel  is  at  the  apex  of  Scarpa's  triangle.  To  compress  the 
common  femoral,  pressure  should  be  made  directly  backwards  against  the  pubic 
eminence,  and  not  against  the  head  of  the  femur ;  to  compress  the  femoral  in 
Hunter's  canal,  pressure  should  be  made  outwards  against  the  inner  surface  of  the 
shaft  of  the  femur. 

On  the  outer  aspect  of  the  thigh  the  fascia  lata  is  thick,  aponeurotic,  and 
loosely  attached  to  the  vastus  externus;  hence  the  tendency  of  abscesses  to  travel 
downwards  beneath  it  towards  the  knee.  The  sartorius,  which  forms  the  most  im- 
portant muscular  landmark  of  the  thigh,  may  be  thr(jwn  into  prominence  by  main- 
taining the  thigh  unsupported,  flexed,  and  slightly  rotated  outwards.  Observe  that 
in  the  upper  third  of  the  thigh  it  forms  the  outer  boundary  of  Scarpa's  triangle  ;  in 
the  middle  third  it  is  placed  over  Hunter's  canal ;  while  in  the  lower  third  it 
lies  in  front  of  the  inner  hamstrings.  External  and  adjacent  to  the  upper  part  of 
the  sartorius  is  the  prominence  of  the  tensor  fasciae  femoris,  which,  as  it  descends, 
diverges  from  the  sartorius;  in  the  angle  between  the  two  the  tendon  of  the  rectus 
may  be  felt  as  it  overlies  the  lower  part  of  the  anterior  aspect  of  the  capsule  of  the 
hip -joint. 

The  inner  aspect  of  tlie  lower  lialt'  of  tlie  shaft  of  the  femur  may  lie  conveniently  cut  down 
ajion  through  the  vastus,  internus,  where  it  comes  to  the  surface  between  the  sartorius  and  rectus 
muscles  ;  the  incision  should  be  made  in  the  direction  of  a  line  extending  from  a  point  midway 
between  the  inner  Ijorder  of  the  patella  and  the  adductor  tuljercle,  to  t.he  anterior  superior  iliac 
spine. 

The  front  of  the  hip-joint  may  lie  reached  through  an  incision  downwards  from  the  anterior 
sujierior  iliac  spine,  either  along  the  inner  or  the  outer  lioi-der  of  the  sartorius  ;  in  the  former 
case  the  deeper  part  of  the  dissection  passes  between  the  iliarus  and  the  inner  liuidei'  of  the  rectus, 
while  in  the  latter  case  the  joint  is  reached  external  to  the  rectus  tendon,  between  it  and  the 
anterior  Ijorders  of  the  gluteus  medius  and  minimus  nuiscles.  The  ascending  liranch  of  the 
external  circumflex  artery  crosses  the  caj^sule  parallel  to,  and  immediately  above,  the  anterior 
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iutertrocliaiiteric  line.  Tlie  ilio-psoas  cms.'^e;^  tlie  iiuteiior  and  the  inner  ])art  of  the  capsule  ; 
between  the  two  is  a  bursa,  wliicli  Irequently  conuiiunieates  with  the  joint  tlirougli  the  thin  part 
of  the  capsule  internal  to  tlje  ilio-fenioral  band  ;  it  is  by  way  of  this  communication  that  a  ])soas 
abscess  occasionally  gives  rise  to  secondary  tubercular  disease  of  the  hiji-joint.  One  of  the 
commonest  situations  to  meet  \VitL  an  abscess  in  hip-joint  disease  is  in  the  cellular  tissue  and  fat 
under  the  tensor  fascia;  feiuoris  ;  or  the  jms  may  ])ass  below  and  to  the  inner  side  of  the  neck  of 
tlie  femur,  and  thence  along  the  coui'se  of  the  intei'nal  circumflex  artery  to  the  back  of  the 
thigh.  To  tap  or  explore  the  hip-joint,  the  jjuiicture  should  be  made  in  the  interval  between  tlic 
sartoiins  and  the  tensor  fasciie  femoris,  2  to  3  in.  below  the  anterior  superior  iliac  sjjine  ;  if 
the  instrument  is  then  pushed  upwards,  inwards,  and  backwards  ))eneath  the  tendon  of  the  rectus, 
it  will  pass  tlirough  the  cajjsule  a  little  above  tlie  anterior  intertrochanteric  line.  Regarded 
from  the  point  of  view  of  dislocation,  the  regions  of  the  cotyloid  notch  and  of  the  inferior  part 
of  the  capsule  are  the  weak  jioints  in  the  joint;  it  follows,  therefore,  that  abduction  favours 
dislocation  by  bringing  the  liead  of  the  femur  into  relation  with  these  two  weak  areas. 


THE  KNEE. 


With  the  knee  exteuded  aud  the  quadriceps  relaxed,  the  patella  can  be  readily 
outlined  and  moved  from  side  to  side  upon  the  femoral  condyles.    On  contracting 

the  quadriceps  its  tendon  springs 
forwards  and  is  felt  as  a  tense  Ijand 
above  the  patella  ;  while  the  patellar 
ligament,  which  has  become  tense 
and  prominent,  may  be  traced  to 
the  lower  part  of  the  tubercle  of 
the  tiliia.  In  front  of  the  lower 
part  of  the  patella  and  of  the  upper 
part  of  the  patellar  hgament  is  the 
pre-patellar  bursa,  into  which  effusion 
takes  place  in  the  condition  known 
as  housemaid's  knee.  Beneath  and 
on  either  side  of  the  patellar  liga- 
ment is  a  well -circumscribed  pad 
of  fat,  palpation  of  which  gives  rise 
to  a  ieehng  closely  resembling  true 
fluctuation.  In  extension,  only  the 
lower  pair  of  articular  facets  of  the 
patella  are  in  contact  with  the 
trochlear  surface  of  the  femur.  In 
semiflexion  the  middle  pair  of  facets 
rests  upon  the  trochlea ;  in  this 
position  the  inner  margin  of  the 
internal  condyle,  the  upper  Ijorder 
of  the  inner  tuberosity  of  the  tibia, 
aud  the  lower  part  of  the ,  patella 
are  all  distinctly  visible,  aud  to- 
gether bound  a  triangular  depres- 
sion, which  overlies  the  line  of  the 
joint  and  contains  the  anterior  part 
of  the  internal  semilunar  cartilage  : 
it  is  in  this  triangle  that  tlie  surgeon 
searches  for  a  displaced  or  thickened 
internal  semilunar  cartilage,  for  a 
lo(jse  body,  and  for  "  lipping"  of  the 
edge  of  the  articular  cartilage  in 
chronic  osteo-arthritis.  A  similar, 
but  less  well  defined,  triangle  may 
be  felt  immediately  external  to  the 
lower  edge  of  the  patella.  When 
the  quadriceps  is  thrown  into  sudden  or  violent  contraction,  as  in  preventing 
oneself  from  falling  backwards,  the  patella  may  be  transversely  fractured  at  the 
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moment  of  partial  flexion.  In  full  flexion  almost  the  whole  of  the  trochlear 
surface  of  the  condyles  is  exposed  to  palpation,  covered,  ho\ve\'er,  liy  the  stretched 
quadriceps  tendon. 

The  upper  part  of  the  inner  surface  of  the  internal  condyle  is  overlapped  by  the 
muscular  prominence  of  the  lower  fibres  of  the  vastus  internus.  Leading  upwards 
from  the  internal  condyle  is  a  slight  furrow,  corresponding  to  the  interval  between 
the  lower  part  of  the  vastus  internus  and  the  sartorius  ;  at  the  bottom  of  the  furrow 
the  cord-like  tendon  of  the  adductor  magnus  may  readily  be  felt,  and  followed  down 
to  its  insertion  into  tlie  adductor  tubercle  ;  the  latter,  situated  at  the  junction  of  the 
internal  supracondyloid  ridge  with  the  upper  and  back  part  of  the  internal  condyle, 
marks  the  level  of  the  epiphysial  cartilage.  Anteriorly  and  posteriorly  the  epi- 
physial cartilage  lies  immediately  above  the  highest  part  of  the  articular  cartilage. 

Disease  of  the  lower  end  of  tlie  diapliysis  of  the  feiuur  generally  in^-ades  the  trigone  of  the 
femur  and  the  popliteal  space  ratlier  than  the  cavity  of  the  knee-joint.  In  Mucewen's  operation 
for  knock-knee,  the  incision  (through  which  the  osteotome  is  introduced  to  divide  tlie  femur)  is 
carried  down  to  the  bone  through  the  A'astus  internus  a  little  above  tlie  internal  condyle,  a  tinger's 
breadtli  above  the  summit  of  the  trochlea,  to  avoid  injury  to  the  epiphysial  cartilage,  and  the 
same  distance  in  front  of  the  adductor  tendon,  to  avoid  injury  to  the  deep  liranch  of  the  anasto- 
motic artery. 

Below  the  internal  condyle  is  the  subcutaneous  inner  tuberosity  of  the  tibia 
across  which  the  tendons  of  the  sartorius,  gracilis,  and  seniitendinosus  pass  to  their 
insertion.  Between  the  above  tendons  and  the  inner  head  of  the  gastrocnemius  is 
a  groove  which  winds  downwards  and  forwards  from  the  popliteal  space  ;  an  incision 
along  this  groove  will  expose  the  long  saphenous  vein  and  nerve  and  the  superficial 
branch  of  the  anastomotic  artery. 

On  the  outer  side  of  the  knee  is  the  ilio-tibial  band,  which,  after  crossing  and 
obscuring  the  line  of  the  joint,  is  attached  to  the  outer  tuberosity  of  the  tibia.  By 
semiflexion  of  the  knee  the  posterior  border  of  the  band  is  thrown  into  relief,  and  a 
well-marked  furrow  intervenes  lietween  it  and  the  prominent  tendon  of  tlie  biceps ; 
the  lower  part  of  the  shaft  of  the  femur  and  the  trigone  may  be  reached  througli 
an  incision  along  this  furrow.  Under  cover  of  the  ilio-tiliial  band,  as  it  crosses  the 
line  of  the  joint,  are  the  external  semilunar  cartilage,  the  inferior  external  articular 
artery,  and  the  external  lateral  ligament.  The  head  of  the  fibula,  with  the  tendon  of 
'the  biceps  passing  to  Ije  inserted  into  it,  are  renilered  distinctly  visible  by  semi- 
flexing  the  knee ;  the  former  lies  on  a  level  with  the  tubercle  of  the  tibia,  1^  in. 
behind  and  a  little  l>elow  the  most  pronanent  jiart  of  the  outer  tuberosity 
of  the  tibia.  Immediately  below  the  head  of  the  fibula  is  the  termination  of  the 
external  popliteal  nerve,  which  is  liable  to  be  contused  from  blows,  and  in 
fractitres  of  the  neck  of  the  fibula. 

The  synovial  membrane  of  the  knee-joint  extends  downwards  anteriorly  as  far  as  the 
level  of  the  upper  border  of  the  tibia ;  posteriorly,  it  dips  downwards  for  a  short  distance 
behind  the  popliteal  notch  of  the  tibia,  to  form  a  small  cul-de-sac,  the  close  relation  of 
which  to  the  popliteal  artery  must  be  borne  in  mind  in  performing  the  operation  of 
excision  of  the  knee.  Anteriorly,  the  synovial  cavity  extends  upwards  beneath  the  quadri- 
ceps in  the  form  of  a  pouch,  which  reaches  nearly  two  inches  above  the  articular  surface 
of  the  femur  ;  posteriorly,  there  is  no  extension  of  the  synovial  cavity  upwards  above  the 
condyles ;  laterally,  the  synovial  membrane  covers  the  anterior  third  of  the  otiter  surface 
of  each  condyle. 

In  effusion  into  the  knee-joint  the  hollows  become  obliterated,  the  jiatella  is  floated  up,  and 
fluctuation  wvAy  be  olitained  alnive,  belnw,  and  to  either  side  of  the  patella. 

To  jiass  a  tube  through  tlie  knee-joint  for  drainage,  two  short  vertical  incisions  should 
be  made — one  on  each  side  of  the  joint  at  the  level  of  the  upper  part  of  the  patella,  and 
a  finger's  breadth  behind  its  lateral  edges.  In  arthrectomy  of  the  knee  for  tubercular  disease,  the 
subsynovial  fat  facilitates  the  scpaiatimi  nf  tin- su]ira])atellar  ])uuch  from  the  lower  and  anterior 
part  of  the  shaft  of  the  femur  ;  to  expose  the  pouches  behind  the  condyles,  the  crucial  ligaments 
must  be  divided. 

THE  LEG. 

The  inner  surface  of  the  tibia  is  subcutaneous  throughout,  hence  the  seat  of  a 
fracture  of  the  shaft  is,  as  a  rule,  easily  felt,  and  the  lower  extremity  of  the  upper 
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fragment  is  liable  to  perforate  the  «kiii.  Tlie  skin  over  the  lower  half  of  this 
surface  is  the  commonest  seat  of  varicose  and  callous  ulcers,  which  are  frequently 
prevented  from  healing  by  adliesion  of  the  floor  of  the  ulcer  to  the  periosteum. 

The  shaft  of  the  fibula,  situated  on  a  plane  posterior  to  that  of  the  tibia,  is,  with 
tlie  exception  of  the  triangular  subcutaneous  surface  above  the  external  malleolus, 

deeply  placed  amongst  the 
muscles.  To  examine  the 
fibula,  the  surgeon  should 
stand  on  the  opposite  side 
of  the  patient  and  manipu- 
late the  bone  along  the  line 
of  the  intermuscular  septum 
between  the  peronei  and 
the  muscles  of  the  calf. 

The  greater  fulness  of  the 
an tero- external  surface  of 
the  leg,  as  compared  with 
nuentum  patellae  inner  surfacc,  is  due  to 
the  presence  of  the  extensor 
and  peroneal  groups  of 
muscles.  When  these 
groups  are  thrown  into 
action,  the  individual 
muscles  are  mapped  out 
upon  the  surface  by  the 
grooves  corresponding  to 
their  intermuscular  septa. 
The  posterior  peroneal  sep- 
tum is  seen  as  a  well-marked 
furrow,  extending  from  the 
posterior  aspect  of  the  head 
of  the  fibula  to  the  hollow 
behind  the  external  mal- 
leolus ;  in  front  of  it  are 
the  peronei  muscles,  the 
longus  giving  rise  to  a  pro- 
minence on  the  upper  half 
of  the  leg,  while  the  brevis 
is  jtrominent  on  the  lower 
half ;  behind  the  septum  is 
a  prominence  formed  by 
the  outer  border  of  the 
soleus,  which  projects 
beyond  that  of  the  gastro- 
cnemius. 

It  is  along  the  line  of 
the  posterior  peroneal  inter- 
muscular septum  that 
incisions  should  be  made  to 
the  musculo-cutaneous  nerve,  however,  the  incision 
1  in.  below  the  head  of  the  fibula, 
extensors  and  the  two  peronei,  the  anterior  peroneal 
and  runs  in  a  line  from  the  anterior  border  of  the 
)order  of  the  external  malleolus ;  the  cutaneous 
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head  of  the  fil)ula  to  the  anterior 
portion  of  the  musculo-cutaneous  nerve  correspt)nds  to  the  lower  half  ot  this  line. 
At  the  junction  of  the  middle  and  lower  thirds  of  the  leg  the  extensor  muscles 
incline  inwards  over  the  anterior  surface  of  the  tibia. 

The  anterior  tibial  artery  reaches  the  front  of  the  interosseous  membrane  2  in. 
below  the  tubercle  of  the  tiliia  ;  in  the  upper  two-thirds  of  its  course  it  lies  upon  the 
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interosseous  membrane,  while  in  its  lower  third  it  winds  on  to  the  front  of  the  tibia, 
to  terminate  at  a  point  opposite  the  ankle-joint,  midway  between  the  two  malleoli. 
Incisions  to  expose  the  vessel  should  strike  the  outer  border  of  the  tibialis  anticus, 
which  corresponds  to  a  line  drawn  from  a  point  midway  between  the  external 
tuberosity  of  the  tiliia  and  the  head  of  the  libula,  to  the  termination  of  the  vessel. 

When  the  muscles  of  the  calf  are  thrown  into  action,  a  groove  is  seen  between 
the  two  heads  of  the  gastrocnemius,  the  fleshy  fibres  of  which  extend  a  little  Ijelow 
the  middle  of  the  leg.  The  fleshy  flltres  of  the  soleus  extend  to  the  junction 
of  the  middle  and  lower  thirds  of  the  leg,  and  project  beyond  the  margins  of  the 
gastrocnemius.  The  narrowest  part  of  the  tendo  Achillis  is  situated  opposite  the 
bases  of  the  malleoli,  and  it  is  here  that  the  tendon  is  divided  in  the  operation 
of  tenotomy.  The  short  saphenous  vein,  which  lies  a  little  to  the  outer  side  of 
the  tendon,  gradually  reaches  the  middle  of  the  calf,  along  wluch  it  ascends  to  the 
middle  of  the  popliteal  space.  The  internal  saphenous  vein  and  nerve  lie  along  the 
inner  border  of  the  tibia. 

The  course  of  the  posterior  tibial  artery  is  mapped  out  by  drawing  a  line  from 
the  lower  angle  of  the  ])0pUteal  space,  at  the  level  of  the  lower  border  of  the 
tubercle  of  the  tibia,  to  a  point  midway  between  the  internal  malleolus  and  the 
tendo  Achillis.  To  expose  the  vessel  in  the  upper  half  of  the  leg,  an  incision  is 
made  parallel  to  and  J  in.  behind  the  inner  border  of  the  tibia ;  after  retract- 
ing the  inner  border  of  the  gastrocnemius  and  dividing  the  tibial  origin  of  the 
soleus,  the  artery  is  found  lying  on  the  tibialis  posticus.  In  exposing  the  artery 
below  the  soleus,  divide  two  layers  of  deep  fascia  and  keep  the  knife  directed 
towards  the  tibia. 

The  peroneal  artery  is  given  off"  3  in.  below  the  head  of  the  fibula ;  incisions 
to  expose  the  vessel  are  made  in  the  direction  of  a  line  extending  from  the 
posterior  border  of  the  head  of  the  fibula  to  a  point  midway  between  the  external 
malleolus  and  the  tendo  Achillis. 


THE  FOOT  AND  ANKLE. 

The  tip  of  the  external  malleolus  is  situated  ^  in.  lower  and  |  in.  further 
back  than  that  of  the  internal  malleolus.     Above  the  external  malleolus  is  the 


Peroneus -bruvis       ',  Peioueal  tubercle 

Greater  process  of  os  caleis     Peroiieus  Ion;.;iis 

Fic.  820. — Outer  Asi'ect  of  Foot  .\.nd  Anklk. 

triangular  subcutaneous  surface  of  - the  fibula,  the  apex  of  which  corresponds  to 
the  lower  end  of  the  extensor-peroneal  intermuscular  septum. 

The  line  of  the  ankle-joint  can  be  felt  on  either  side  of  the  extensor  tendons,  and 
when  the  foot  is  extended  the  anterior  part  of  the  superior  articular  surface  of  the 
astragalus  forms  a  visible  prominence  below  the  anterior  liorder  of  the  lower  end  of 
the  tibia.    The  small  posterior  surface  of  tlie  astragalus  is  felt  lielnw  anil  liehind 
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the  internal  malleolus,  at  the  anterior  part  of  the  hollow  between  it  and  the  heel. 
In  effusions  into  the  anlde-joint  the  hollows  in  front  and  behind  the  malleoli  are 
obliterated,  and  the  extensor  tendons  are  raised  from  the  front  of  the  joint. 

A  finger's  breadth  below  the  tip  of  the  internal  malleolus  is  the  sustentaculum 
tali;  1\  in.  in  front  of  the  latter,  and  midway  between  the  dorsal  and  plantar 
margins  of  the  inner  aspect  of  the  foot,  is  the  tubercle  of  the  scaphoid  (the  inner 
landmark  in  Chopart's  amputation),  which  is  generally  visible,  and  always 
distinctly  palpal)le.  The  calcaneo-astragaloid  joint  lies  immediately  below  tlie 
sustentaculum,  while  close  alto\e  it  the  tendon  of  the  tibialis  posticus  may 
be  rendered  visible,  as  it  extends  from  behind  the  tip  of  the  internal  malleolus  to 
the  tubercle  of  the  scaphoid.  An  inch  and  a  half  in  fnjnt  of  the'  tu]tercle  of  the 
scaphoid  is  the  joint  between  the  internal  cuneiform  and  the  first  metatarsal ;  the 
ridge  at  the  base  of  the  latter  l)one  furnishes  a  good  guide  to  the  articulation.  The 
first  metatarso-phalangeal  joint  lies  a  little  in  front  of  the  middle  of  the  liall  of  tlie 
great  toe. 

A  hnger's  Ijreadth  vertically  lielow  the  tip  of  the  external  malleolus  is  the 
peroneal  tubercle  of  the  os  calcis,  and  midway  between  the  two  is  the  calcaneo- 
astragaloid  joint ;  the  tubercle  is,  when  present,  a  trustworthy  guide  to  the  level  at 
which  the  two  peronei  tendons  cross  the  outer  surface  of  the  os  calcis.  The  greater 
process  of  the  os  calcis  is  felt  in  the  triangular  interval  between  the  tendons  of  the 


j)eroneus  brevis  and  tertius ;  the  calcaneo-cuboid  joint — the  outer  laiulniark  in 
Chopart's  amputation — is  placed  a  little  in  front  of  the  mid-point  between  the  tip 
of  the  external  malleolus  and  the  base  of  the  fifth  metatarsal  bone.  To  open  the 
outer  tarso-metatarsal  articulations,  the  knife,  entered  behind  the  projecting  base  of 
the  fifth  metatarsal  bone,  should  l)e  directed  forwards  as  well  as  inwards.  On  the 
(.lorsum  of  the  foot  the  tarsal  juints  are  oltscured  by  the  extensor  tendons.  The 
synovial  membrane  of  the  ankle-joint  is  prolonged  on  to  the  neck  of  the  astragalus, 
and  care  must  ))e  taken  to  a^  oid  opening  the  ankle-joint  in  performing  Chopart's 
amputation. 

The  line  of  the  tarso-metatarsal  joints  extends  nearly  1  in.  further  forwards  on 
the  inner  than  on  the  outer  border  of  the  foot ;  between  these  points  the  joint- 
line  takes  a  zigzag  course  on  account  of  the  second  metatarsal  bone  extending 
l)ackwards  between  the  internal  and  external  cuneiform  bones.  The  joint  Ijetween 
the  second  metatarsal  and  middle  cuneiform  is  nearly  h  in.  behind  that  between 
the  first  metatarsal  and  internal  cuneiform,  and  nearly  |  in.  behind  that  between 
the  third  metatarsal  and  the  external  cuneiform.  The  strong  transverse  inter- 
osseous ligament  {Lisfranc's  ligament),  which  connects  the  outer  surface  of  the 
internal  cuneiform  with  the  base  of  the  second  metatarsal,  must  be  divided  in 
the  tarso-metatarsal  amputation  of  Lisfranc.  In  order  to  preserve  the  insertions 
of  the  two  tibial  and  the  tliree  peroneal  muscles  it  is  advisable,  when  possible, 
instead  of  disarticulating  at  "  Lisfranc's  joint,"  to  saw  through  the  metatarsal  bones 
just  in  front  of  their  bases. 
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The  metatarso-phalangeal  articulations  are  situated  1  in.  behind  the  web  of  the 
toes.  In  disarticulating  a  toe,  the  transverse  metatarsal  ligament,  which  unites  the 
heads  of  the  metatarsal  bones,  sliould  not  be  injured. 

The  tendon  of  the  tibialis  posticus  may  be  felt,  and,  by  inverting  the  foot,  seen, 
as  it  extends  from  Ijehind  the  tip  of  the  internal  malleolus  to  the  tul)ercle  of  the 
scaphoid ;  it  crosses  the  astragalus  immediately  above  the  sustentaculum  tali. 

In  the  commonest  form  of  club-foot,  viz.  talipes  erjuiHo-varus,  the  tubercle  of  the 
scaphoid  is  approximated  to  the  internal  malleohis,  so  that  tenotomy  of  the  tendon 
should  be  performed  through  a  puncture  a  little  below  the  tip  of  the  internal  malleohis  ; 
if  the  knife,  after  dividing  the  tendon,  be  carried  down  to  the  bone,  the  inferior  calcaneo- 
scaphoid  ligament  will  be  divided  and  the  astragalo-scaphoid  joint  opened,  a  procedure 
which  is  called  for  before  the  foot  can  be  brought  into  good  position. 

Crossing  the  front  of  the  ankle-joint,  from  within  outwards,  are  the  following 
tendons :  viz.  the  tibialis  anticus,  the  largest  and  most  prominent ;  the  extensor 
longus  hallucis,  the  extensor  longu*  digitorum,  and  the  peroneus  tertius.  The 
extensor  brevis  digitorum  gives  rise  to  a  fleshy  pad  which  overlies  the  dorsal  aspect 
of  the  calcaueo-cuboid  joint.  When  the  foot  is  everted,  the  tendon  of  the  peroneus 
brevis  may  be  seen  extending  from  the  tip  of  the  external  malleolus  to  the  base  of 
the  fifth  metatarsal  bone  ;  immediately  below  it  is  the  tendon  of  the  peroneus  longus, 
which,  as  it  winds  round  the  cuboid,  is  obscured  l:>y  the  fleshy  flbres  (jf  the  abductor 
minimi  digiti  muscle.  The  abductor  hallucis  muscle,  although  descril)ed  along  with 
the  sole,  forms  a  fleshy  pad  along  the  inner  border  of  the  foot  below  the  susten- 
taculum tali. 

An  incision,  extending  from  the  tubercle  of  the  scaphoid  to  the  middle  of  the 
inner  border  of  the  heel,  will  expose  the  various  tendons,  vessels,  and  nerves,  as 
they  pass  from  the  inner  ankle  into  the  sole  beneath  the  abductor  hallucis. 

The  dorsalis  pedis  artery  may  be  mapped  out  on  the  surface  Ijy  drawing  a  line  from 
a  point  opposite  the  ankle-joint,  midway  between  the  tips  of  the  two  malleoli,  to  the 
hinder  end  of  the  first  interosseous  space ;  the  vessel  may  be  compressed  against 
the  inner  column  of  the  tarsal  bones.  The  internal  saphenous  vein  and  nerve  lie 
between  the  anterior  border  of  the  internal  malleolus  and  the  tendon  of  the  tibialis 
anticus ;  the  external  saphenous  vein  and  nerve  take  the  same  course  as  the  tendon 
'  of  the  peroneus  bre^as. 

The  internal  plantar  vessels  and  nerves  lie  along  the  internal  intermuscular 
septum,  which  corresponds  to  a  line  drawn  from  the  under  surface  of  the  inner 
tuberosity  of  the  os  calcis  to  the  interval  between  the  first  and  second  toes.  The 
external  plantar  vessels  and  nerves  may  be  exposed  by  an  incision  along  the 
external  intermuscular  septum,  which  nurs  in  a  line  extending  from  the  middle  of 
the  under  surface  of  the  heel  to  the  fourth  toe  (Kocher) ;  to  map  out  the  course 
of  the  plantar  arch,  draw  a  line  across  the  sole  from  the  inner  side  of  the  base  of 
the  fifth  metatarsal  bone  to  the  hinder  end  of  the  first  interosseous  space. 

THE  ABDOMEN. 

THE  ANTERIOR  ABDOMINAL  WALL. 

The  configuration  of  the  abdomen  varies  with  the  age,  sex,  obesity,  and  muscular 
development  of  the  individual.  In  the  child  it  is  wider  al)0ve  than  below,  while 
the  converse  is  the  case  in  the  adult  female.  It  is  most  prominent  in  the  region  of 
the  umbilicus,  which  is  situated,  normally,  below  the  mid-point  between  the  infra- 
sternal  notch  and  the  symphysis  pubis,  usually  a  little  below  the  level  of  the  highest 
part  of  the  iliac  crest,  and  opposite  the  middle  of  the  liody  of  the  fourth  lumbar 
vertebra.  In  the  obese,  and  especially  when  the  al)doniinal  muscles  have  lost  their 
tone,  the  umbilical  region  becomes  prominent  and  more  or  less  pendulous,  so  that 
the  umbilicus  may  come  to  lie  considerably  below  the  normal  level.  In  the  cliild 
it  is  relatively  lower  than  in  the  adult,  in  consequence  of  the  undeveloped  state  of 
the  pelvis. 

In  spare  subjects  the  lower  end  of  the  body  of  the  sternum,  the  xiphoid  carti- 
lage, and  the  costal  margin,  can  readily  be  traced.    The  slight  depression  or  notch 
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formed,  by  the  seventh  costal  cartilages  and  the  lower  border  of  the  body  of  the 
sternum  is  termed  the  infrasternal  notch.  Below  the  notch,  and  bounded  on  either 
side  by  the  seventh,  eighth,  and  ninth  costal  cartilages,  is  the  infracostal  angle, 
which  varies  considerably  according  to  the  shape  of  the  chest ;  it  is  relatively  wider 
in  the  child  than  in  the  adult.  The  lower  border  of  the  curve  of  the  tenth  costal 
cartilage  is  easily  recognisable,  and  has  been  selected  by  Cunningham  as  the  level 
of  the  plane  of  separation  (infracostal  plane)  between  the  upper  and  middle  abdo- 
minal zones. 

The  anterior  abdominal  wall  is  limited  below  by  the  fold  of  the  groin  and  the 
crest  of  the  pubes.  In  a  spare  muscular  subject  the  recti,  the  furrows  corre- 
sponding to  the  linese  transversse,  and  the  supra-umbilical  portion  of  the  linea  alba, 
can  be  readily  made  out.  When  the  outline  of  the  rectus  is  not  visible  the  outer 
border  may  ])e  indicated  by  a  line  drawn  from  the  tip  of  the  ninth  costal  cartilage 
to  the  mid-point  of  a  line  joining  the  umbilicus  and  the  anterior  superior  iliac 
spine,  and  from  thence  to  the  pubic  spine.  In  the  angle  between  the  outer  border 
of  the  rectus  and  the  ninth  costal  cartilage,  on  the  right  side,  is  a  slight  triangular 
depression  which  overlies  the  fundus  of  the  gall-bladder.  Between  the  lower  part 
of  the  outer  border  of  the  rectus  and  the  prominence  above  the  anterior  part  of  the 
iliac  crest,  caused  by  the  lower  muscular  hbres  of  the  external  oblique,  is  another 
slight  triangular  depression,  which  corresponds  to  the  lower  and  narrow  part  of 
the  aponeurosis  of  the  external  obhque  muscle. 

Close  above,  and  almost  parallel  to,  the  inner  half  of  Poupart's  ligament  is  the 
inguinal  canal,  traversed  by  the  spermatic  cord  (Yig.  297,  p.  402) ;  the  latter  can  be 
felt  to  emerge  at  the  external  abdominal  ring  innnediately  above  the  pubic  spine. 
The  external  and  internal  abdominal  rings  have  been  fully  described  elsewhere ;  the 
former  is  triangular  in  shape,  with  its  apex  directed  upwards  and  outwards,  and  its 
base  immediately  above  the  pubic  crest.  By  invaginating  the  skin  of  the  scrotum 
the  Little  finger  may  readily  be  passed  through  the  ring  into  the  canal.  It  is 
to  be  noted,  that  the  neck  of  an  inguinal  hernia  lies  above  the  pubic  spme, 
whereas  the  neck  of  a  femoral  hernia  emerges  below  the  inner  end  of  Poupart's 
ligament,  external  to  the  pubic  spine.  Tlie  internal  abdominal  ring,  an  opening 
in  the  fascia  transversalis,  lies  in.  above  a  point  a  httle  internal  to  the 
middle  of  Poupart's  ligament.  The  deep  epigastric  artery  may  be  mapped  out  by 
drawing  a  line  from  a  point  midway  between  the  anterior  superior  iliac  spine  and 
the  symphysis  pubis  towards  the  umbilicus.  The  vessel,  together  with  the  inner 
third  of  Poupart's  ligament  and  the  lower  part  of  the  outer  border  of  the  rectus, 
bounds  a  triangle  known  as  Hesselbach's  triangle.  As  the  deep  epigastric  artery 
passes  upwards  and  inwards  to  disappear  behind  the  conjoined  tendon  and  the 
outer  border  of  the  rectus,  it  lies  behind  the  spermatic  cord  immediately  internal 
to,  and  below,  the  internal  abdominal  ring.  The  floor  of  Hesselbach's  triangle  is 
formed  throughout  by  the  fascia  transversalis,  superficial  to  which,  over  the  inner 
half  or  so  of  the  triangle,  is  the  conjoined  tendon.  An  oblique  inguinal  hernia  leaves 
the  abdomen  at  the  internal  abdoininal  ring  and  traverses  the  whole  length  of 
the  inguinal  canal ;  its  coverings  are  therefore  the  same  as  those  of  the  spermatic 
cord,  and  the  neck  of  the  sac  lies  external  to  the  deep  epigastric  artery,  hence  this 
variety  of  hernia  is  also  termed  an  external  inguinal  heryiia.  A  direct  inguinal 
hernia,  on  the  other  hand,  instead  of  traversing  the  whole  length  of  the  inguinal 
canal,  pushes  before  it  that  part  of  its  posterior  wall  which  is  formed  by  the  floor 
of  Hesselbach's  triangle.  The  neck  of  the  sac,  therefore,  lies  internal  to  the  deep 
epigastric  artery,  and  this  variety  of  hernia  may  be  termed  an  internal  inguinal 
hernia.  If  a  direct  hernia  makes  its  way  through  the  inner  part  of  Hesselbach's 
triangle,  it  derives  a  covering  from  the  conjoined  tendon  as  well  as  from  the  fascia 
transversalis ;  if  through  the  outer  part  of  the  triangle,  the  outer  edge  of  the  con- 
joined tendon  curves  round  the  inner  side  of  the  neck  of  the  sac.  To  relieve  the 
constriction  at  the  neck  of  the  sac,  in  the  case  of  an  oblique  inguinal  hernia,  the  edge 
of  the  knife  is  directed  upwards  and  outwards  to  avoid  the  deep  epigastric  artery, 
while  in  a  direct  hernia  the  artery  is  avoided  by  dividing  the  constriction  in  an 
upward" and.  inward  direction.  In  an  oblique  inguinal  hernia  the  sac  lies  within 
the  infundibuliform  fascia  (fascia  propria  of  the  hernia),  whereas  in  a  direct  hernia 
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the  fascia  propria  is  derived  from  the  fascia  transversalis  of  Hesselbach's  triangle. 
The  extra-peritoneal  fat  which  covers  the  outer  surface  of  the  hernial  sac  is  some- 
times hypertrophied  to  such  an  extent  as  to  amount  to  a  fatty  tumour. 

In  a  large  proportion  of  children  at  birth  the  funicular  process  of  peritoneum, 
which  connects  the  tunica  vaginalis  testis  with  the  abdominal  })eritoneum, 
especially  on  the  right  side,  is  still  patent.  Should  the  bowel  force  its  way 
along  the  patent  process  a  congenital  inguinal  hernia  arises.  In  the  majority  of 
the  cases  of  congenital  inguinal  hernia  it  will  be  found  that  the  tunica  vaginaKs 
testis  has  been  shut  off  by  closure  of  the  lower  part  of  the  funicular  process,  only 
the  upper  part  remaining  patent  and  forming  the  sac  of  the  hernia.  In  regard  to 
the  operation  for  the  cure  of  inguinal  hernia,  it  should  be  b(jrne  in  mind  that  in 
the  acquired  form  the  hernia  pi'oduces  tlie  sac,  whereas  in  the  congenital  variety 
the  sac  is  the  cause  of  the  hernia ;  it  follows,  therefore,  that  in  the  operation  for 
acquired  hernia  the  closure  of  the  canal  is  as  important  as  the  removal  or  obhtera- 
tion  of  the  sac,  while  in  a  congenital  hernia  the  most  essential  part  of  the  operation 
is  the  closure  of  the  neck  of  the  sac,  and  as  the  muscular  and  fascial  apparatus 
forming  the  walls  of  the  canal  are  well  developed,  they  should  be  interfered  with 
as  little  as  possible.  A  patent  funicular  process  may  persist  during  adult  life 
without  any  bowel  descending  into  it ;  on  the  other  hand,  years  after  birth  bowel 
may  suddenly  enter  it.  In  practically  all  oblique  inguinal  hernite,  which  develop 
suddenly  in  children  as  well  as  in  adolescents  and  young  adults,  the  sac  is  of 
congenital  origin. 

Parallel  to  and  at  the  level  of  the  outer  half  of  Poupart's  ligament  is  the  deep 
circumflex  iliac  artery.  In  dividing  the  abdominal  wall  to  reach  the  structures  in 
the  iliac  fossfe,  the  incision  should  be  made  in  the  angle  between  this  vessel  and  the 
deep  epigastric  artery.  To  lessen  the  risk  of  ventral  hernia  the  muscles  should  be 
split  in  the  direction  of  their  fibres — the  aponeurosis  of  the  external  obhque  from 
above  downwards  and  inwards,  the  muscular  fibres  of  the  internal  oblique  and 
transversalis  horizontally.  An  incision  through  the  abdominal  wall  parallel  to  the 
outer  border  of  the  rectus  has  the  great  disadvantage  of  dividing  the  abdominal 
terminations  of  the  lower  intercostal  nerves,  which  run  parallel  to  a  line  extending 
from  the  tenth  costal  cartilage  to  the  umbilicus. 

The  middle  line  is  the  site  usually  selected  by  the  surgeon  to  open  the  abdomen. 
The  points  of  surgical  importance  to  be  noted  in  connexion  with  the  linea  alba  are : 
(1)  that  its  blood  supply  is  scanty ;  (2)  that  it  is  considerably  wider  above  than 
below  the  umbiUcus,  where  the  two  edges  of  the  recti  lie  in  close  apposition ;  (3) 
that  above  the  umbiHcus  the  fascia  transversalis  and  linea  alba  are.  adherent,  so 
that  the  two  form  practically  one  membrane ;  (4)  that  the  extra-peritoneal  fat  is  more 
abundant  beneath  the  linea  alba  than  to  either  side  of  it ;  (5)  that  above  the  pubes 
the  fascia  transversalis  recedes  from  the  linea  alba,  leaving  a  triangular  space 
occupied  by  fat  which  must  not  be  mistaken  for  the  extra-peritoneal  fat. 

The  posterior  layer  of  the  rectal  sheath  ceases  at  the  fold  of  Douglas,  which  is 
situated  one-third  of  the  distance  from  the  umbilicus  to  the  pubes.  The  fieshy 
fibres  of  the  transversalis  muscles  extend  inwards  for  a  considerable  distance 
behind  the  upper  part  of  the  recti. 

THE  ABDOMINAL  CAVITY. 

To  simplify  the  topography  of  the  abdominal  viscera  the  abdomen  is  arbitraril}- 
divided  into  nine  regions  by  two  horizontal  and  two  vertical  planes.  Of  the  two 
horizontal  planes,  the  upper  (infracostal)  plane  is  at  the  level  of  the  lowest  part  ol' 
the  tenth  costal  cartilages ;  the  lower  (intertubercular)  plane  is  at  the  level  of  the 
tubercular  points  of  the  iliac  crests.  The  two  vertical  planes  correspond  upon  the 
surface  to  a  line  drawn  vertically  upwards  on  either  side  from  a  point  midwa}- 
between  the  anterior  superior  iliac  spine  and  the  pubic  symphysis.  Superiorly, 
these  vertical  planes  generally  strike  the  tip  of  the  ninth  costal  cartilages.  The 
subdivisions  of  the  upper  zone  are  termed  the  cpigasfric  and  right  and  left  hypo- 
chondriac regions,  of  the  middle  zone  the  umhilical  and  right  and  left  lumbar  regions, 
of  the  lower  zone  the  hj/jiogastric  and  right  and  left  iliac  regions.    The  epigastric, 
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Fig.  822. — Antehiok  Aspect  of  Trunk,  showing  Sukiace  Toi'ogbaphy  of  Visceha. 
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umbilical,  and  hypogastric  regions  may  1  le  further  divided  into  right  and  left  halves 
l;ty  the  median  plane.  The  xiphisternal  junction  is  on  a  level  with  the  disc  Ijetween 
tire  ninth  and  tenth  dorsal  vertebrie.  The  infracostal  plane  passes  through  the 
upper  part  of  the  third  luml)ar  vertebra  ;  the  intertubercular  plane  through  the  fifth 
lumbar  vertebra,  about  1  in.  above  the  sacral  promontory.  The  umbilicus  is 
usually  situated  from  1  to  2  in.  above  the  intertul)ercular  line. 

In  the  method  of  surface  topography  employed  l)y  Addison  the  ])lane  of  separa- 
tion between  the  superior  and  middle  al  idominal  zones  is  placed  midway  between 
the  suprasternal  notch  and.  the  upper  Ijorder  of  the  puljic  symphysis.  It  will  l)e 
found  to  lie  at  or  near  the  mid-point  Ijetween  the  xiphisternal  junction  and  the 
umbilicus.  Posteriorly,  this  Y'lane  strikes  the  lower  border  of  the  first  lumljar 
vertebra,  and  it  so  constantly  passes  through  the  pylorus  that  it  may  with  advantage 
be  termed  the  transpyloric  plane. 

The  peritoneal  cavity  may  he  regarded  as  a  large  and  complicated  lymph  sac 
which  is  intimately  related  to  the  abdominal  viscera,  and  more  especially  to  the 
gastro-intestinal  canal.  Inflammatory  infections  of  the  peritoneum  are  therefore 
almost  always  secondary  to  lesions  of  the  viscera.  The  peritoneal  lymph  sac  is  lirought 
into  direct  communication  with  the  subperitoneal  lymphatics  of  the  diaphragm 
through  stomata  which  open  upon  the  peritoneum  co^•ering  the  under  surface  of 
that  muscle.  The  healthy  peritoneum,  in  virtue  of  the  vital  action  of  its  endo- 
thelial cells,  is  endowed  with  great  absorptive  properties,  and,  when  irritated,  has 
the  power  of  throwing  out  an  abundant  exudation.  The  reflexion  of  the 
peritoneum  and  its  relations  to  the  various  organs  have  been  elsewhere  fully 
descriljed  (p.  1046). 

From  the  surgical  point  of  view  the  peritoneal  cavity  may  lie  arliitrarily 
divided  into  four  great  subdivisions :  viz.  (1)  that  between  the  trans\'erse  meso- 
colon a,nd  the  diaphragm :  (2)  that  between  the  transverse  mesocolon  and  the 
mesentery  of  the  small  intestine ;  (3)  that  Ijetween  the  mesentery  and  the  triie 
pelvis ;  (4)  that  in  the  true  pelvis.  The  lesser  sac  of  the  peritoneum  may  be 
looked  upon  as  a  diverticulum  of  the  first-mentioned  subdivision. 

The  attachment  of  the  transverse  mesocolon  to  the  posterior  aljdominal  wall 
is  at  the  level  of  the  second  lumljar  verteljra,  and  lies,  theretbre,  a  little  aljcjve  the 
.infracostal  plane.  The  attachment,  which  ascends  slightly  as  it  passes  from  right 
to. left,  crosses  the  right  kidney,  the  second  part  of  the  duodenum,  and  the  head 
of  the  pancreas,  after  which  its  attachment  follows  the  anterior  border  of  the 
pancreas.  The  peritoneal  subdivision  above  this  attachment  is  roofed  in  by  the 
diaphragm,  and  includes  the  upper  part  of  the  greater  sac,  and.  liehind  it,  the 
larger  portion  of  the  lesser  sac.  The  organs  related  to  this  area  of  the  peritoneum 
are  the  liver,  along  with  the  bile  ducts  and  gall-ljladder,  the  stomach  and  part  of 
the.  duodenum,  the  spleen,  the  pancreas,  the  upper  part  of  the  kidneys,  and  the 
suprarenal  capsules.  Suppuration  connected  with  any  of  these  organs  is  liable  to 
spread  upwards  under  the  cupola  of  the  diaphragm,  producing  what  is  known  as 
subjihrenic  abscess.  The  routes  followed  to  drain  this  regi()n  of  the  peritoneal 
cavity  are  either  (1)  through  tlie  anterior  abdominal  w"all  and  the  gastro-hepatic 
or  gastro-colic  omenta ;  (2_)  through  the  loins  below  the  twelfth  ribs ;  (3j  through 
the  chest  wall,  the  lower  part  of  the  pleural  cavity,  and  the  diaphragm,  steps 
having  been  preAdously  taken  to  shut  off  the  drainage-track  from  the  pleural 
cavity.  This  suljdiA'ision  of  the  peritoneal  cavity  may  become  shut  off  from  the 
rest  of  the  space  by  adhesion  of  the  great  omentum  to  the  peritoneum  of  tlie  anterior 
abdominal  wall. 

The  attachment  of  the  mesentery  of  the  small  intestine  extends  from  the  left 
side  of  the  second  lumljar  vertebra  downwards  to  tlie  right  iliac  fossa  (Fig.  675 
p.  1001).  The  attachment  may  be  mapped  out  on  the  surface  by  drawing  a  line 
from  a  point  on  the  transpyloric  line,  one  inch  to  the  left  of  the  middle  line,  t(j 
the  mid-point  of  a  line  drawn  horizontally  between  the  right  anterior  superior 
iliac  spine  and  the  middle  line.  The  subdivision  beticcen  the  transverse  mcsocokut 
and  tlic  mesenterij  pro^'er  is  related  more  particularly  to  the  small  intestine,  the 
crecum  and  vermiform  appendix,  the  ascending  colon,  the  right  ureter,  and  part  of 
the  right  kidney.    Suppuration  in  connexion  with  the  organs  in  this  area  involves 
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more  especially  the  right  lumbar  regitju,  and  may  extend  upwards  along  the  colon 
into  the  suy)diaphragmatie  region,  or  downwards  into  the  true  pelvis.  To  drain 
this  region  a  tube  is  introduced  into  the  right  lumliar  region  either  through  the 
anterior  abdominal  wall  or  through  the  right  loin. 

The  peritoneal  subdivision  helow  the  mesentery  corresponds  to  the  left  umbilical, 
left  lumbar,  and  left  iliac  regions,  and  is  related  to  the  duodeno-jejunal  junction,  the 
greater  part  of  the  small  intestine,  part  of  the  transverse  colon,  the  splenic  flexure, 
the  descending  colon,  the  iliac  colon,  the  lower  part  of  the  left  kidney,  the  left 


ureter,  the  lower  part 


Fig.  823. — Latkk.m.  Asi'tx  r  ok  Tuunk,  showing  Suhfack 

TorOGRAl'HY  OF  ViSCERA. 

R.L.  Eight  lung.  R.K.  Right  kidnev. 

L.      Liver.  1'.  L.  Pleura. 


the  abdominal  aorta,  and  the  common  iliac  arteries. 

Suppuration  in  this  division  is  very 
liable  to  extend  downwards  into 
the  pelvis.  Drainage  may  be  estab- 
lished by  the  introduction  of  a  tube 
either  through  the  anterior  ab- . 
dominal  wall  or  through  the  left 
lumbar  region.  If  suppuration 
occur  in  the  pelvis,  drainage-  may 
be  carried  out  through  the  anterior 
abdominal  wall  or,  in  the  case  of 
the  female,  through  the  vagina. 

Liver. — The  lovMr  harder  of  the 
liver,  as  it  crosses  the  costal  angle, 
can  readily  be  determined  by  palpa- 
tion and  light  percussion  ;  it  passes 
from  the  eighth  left  to  the  tip  of 
the  tenth  right  costal  cartilage,  and 
crosses  the  mesial  plane  at  the  level 
of  th^  transpyloric  line.  In  the 
mid-axillary  line  it  reaches  down 
to  a  point  a  little  below  the  lowest 
part  of  the  tenth  right  costal  carti- 
lage. Above  the  left  costal  margin 
the  lower  border  passes  upwards 
and  to  the  left  to  join  the  left 
extremity  of  the  liver  at  the  fifth 
interspace  in  the  mammary  Hne. 
The  Jiigh  est  part  of  the  liver,  which 
corresponds  also  to  the  highest  part 
(jf  the  right  arch  of  the  diaphragm, 
leaches,  during  expiration,  the  level 
of  the  fourth  intercostal  space  in 
the  mammary  line.  To  the  right 
of  the  mesial  plane  the  upper  border 
of  the  liver  is  too  far  removed  from 
the  anterior  wall  of  the  chest,  and 
overlapped  by  too  thick  a  layer  of 
lung  substance,  to  lie  accurately 
determined  by  percussion.  Behind, 
the  sternvm  the  upper  border  reaches 
to  the  level  of  the  sixth  cliondro- 
the  left  of  the  mesial  plane  the  upper  hmit  of  the  Hver 
by  percussion  as  it  merges  into  the  cardiac  dulness.  The 


sternal  junctions.  To 
cannot  be  determined 

falciform  ligament  of  the  iiver  lies,  as  a  rule,  a  little  to  the  right  of  the  mesial  plane 
The  anterior  surface  of  the  Hver  may  be  reached  through  a  mesial  incision 
extending  downwards  from  the  ensiform  cartilage,  or  ))y  an  ol)lique  incision  a  finger's 
breadth  below  and  ] parallel  to  the  right  costal  margin.  To  obtain  free  access  to  the 
upper  surface  the  eighth  and  ninth  costal  cartilages  must  be  resected ;  the  seventh 
cartilage  should,  if  possible,  be  avoitled,  otherwise  the  pleural,  and  even  the  peri- 
cardial cavity,  may  be  opened.     Division  of  the  round  and  falciform  ligaments 
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allows  of  greater  downward  displacement  of  the  liver.  To  reach  the  centre  of  the 
lateral  siu'face  of  the  right  lobe  portions  of  the  seventh  and  eighth  ribs  should  be 
resected  in  the  mid-axillary  line,  and  both  the  pleural  and  peritoneal  cavities  must 
be  traversed. 

The  relation  of  the  fundus  of  the  gall-bladder  to  the  surface  is  subject  to 
considerable  variation ;  generally  it  is  situated  opposite  the  angle  between  the 
ninth  costal  cartilage  and  the  outer  border  of  the  rectus.  The  cystic  duct,  wliich 
passes  downwards  and  forwards,  is  l:)ent  sharply  upon  itself  close  to  its  origin  at 
the  neck  of  the  gall-bladder.  The  common  bile-duct,  about  '■)  in.  in  IcDgth,  lies,  in 
its  upper  third,  in  the  right  free  border  of  the  gastro-hepatic  omentum ;  its  loiver 
two-thirds  lie  at  first  behind  the  first  part  of  the  duodenum,  and  then  between  the 
head  of  the  pancreas  and  the  second  part  of  the  duodenum,  on  the  inner  wall  of 
which  it  opens  a  little  above  its  termination.  Fenger  has  shown  that  the  middle 
■portion  of  the  common  duct  is  that  which  is  least  closely  related  to  the  portal  vein. 

Stomach. — The  stomach  lies  almost  entirely  within  tlie  left,  half  of  the  epi- 
gastric and  the  left  hypochondriac  regions.  The  cardiac  orifice,  which  lies  1  in. 
below  and  to  the  left -of  the  oesophageal  opening  in  the  diaphragm,  is  about  4  in. 
from  the  surface,  and  corresponds,  on  the  anterior  surface-  of  the  body,  to  a 
point  over  the  seventh  left  costal  cartilage  1  in.  from  the  sternum.  The  pylorus, 
which  is  generally  partly  overlapped  by  the  lower  margin  of  the  liver,  lies,  as  a  rule, 
about  1  in.  to  the  riglit  of  the  mesial  plane ;  when  the  sti»mach  is  empty  it 
generally  lies  in  the  mesial  plane,  when  distended  it  may  reach  two,  or  even  three, 
inches  to  the  right  of  the  middle  line.  The  pyloric  portion  of  the  stomach  is  prac- 
tically bisected  by  a  horizontal  plane  wKich  passes  through  the  abdomen  at  the 
level  of  a  point  midway  between  the  suprasternal  notch  and  pubic  symphysis 
(Addison);  it  lies,  therefore,  3  to  4  in.  below  the  infrasternal  notch,  mid- 
way between  it  and  the  iimbilicus,  (jpposite  the  first  lumbar  vertebra.  The 
highest  part  of  the  fundus  of  the  stomach  corresponds .  to  the  left  vault  of  the 
diaphragm,  and  lies  a  little  above  and  behind  the  apex  of  the  heart.  The  greatec 
curvature  crosses  behind  the  left  costal  inargin  opposite  the  tip  of  the  ninth  costal 
cartilage,  that  is  to  say,  where  the  transpyloric  line  intersects  the  vertical  Poupart 
line.  The  lowest  part  of  the  great  curvature,  situated  generally  in  the  mesial 
plane,  extends  down  to,  or  a  little  above,  the  infracostal  plane,  about  2  in.  above 
the  umbilicus.  The  lesser  curvature  and  the  adjacent  part  of  the  anterior  wall 
of  the  stomach  are  overlapped  by  the  lower  margin  of  the  liver. 

Overlying  the  stomach  is  an  important  surface  area  known  to  clinicians  as  the 
semilunar  space  of  Traube.  This  space,  which  yields  a  deeply  tympanitic  note  on 
percussion,  is  bounded  above  by  the  lower  margin  of  the  left  lung ;  below",  Tjy  the 
left  costal  margin;  to  the  right,  by  the  lower  edge  of  the  left  lobe  of  the  li\er: 
behind  and  to  the  left,  by  the  anterior  l)order  and  anterior  basal  angle  of  the  spleen. 
The  line  of  the  costo-diaphragmatic  pleural  reflexion  crosses  the  space  about  mid- 
way between  its  upper  and  lower  limits.  The  tympanitic  area  of  the  space  is 
diminished  superiorly  by  pleuritic  effusion,  towards  the  right  by  enlargement  of 
the  liver,  and  towards  the  left  l)y  enlargement  of  the  spleen. 

Perforation  of  an  ulcer  on  the  anterior  wall  of  the  stomach  leads  to  extravasa- 
tion into  the  greater  sac  of  the  peritoneum,  wliile  if  the  perforated  ulcer  be  upon 
the  posterior  wall ,  extravasation  takes  place  into  the  lesser  sac.  The  close  relation 
of  the  splenic  artery  and  its  branches  to  the  posterior  wall  of  the  stomach  explains 
the  severe  htemorrhage  whicli  is  sometimes  caused  by  a  posterior  gastric  ulcer. 
The  surgeon  may  reach  the  posterior  wall  of  the  stomach  through  the  gastro-colic 
omentum,  or,  after  throwing  upwards  the  great  omentum  and  transA'erse  colon,  l)y 
traversing  the  transverse  mesocolon  ;  })y  the  former  route  the  posterior  wall  of  the 
stomach  is  reached  through  the  anterior  wall  of  the  lesser  sac,  in  the  latter  case 
through  its  posterior  wall. 

Duodenum. — The  first  part  of  the  diu)denum,  situated  in  the  right  lialf  of  the 
epigastrium,  lies  ])eliind  the  eighth  costal  cartilage,  immediately  internal  to  the 
gall-bladder,  and  is  overlapped  by  the  quadrate  lobe  of  the  liver.  li'  the  finger 
be  passed  above  this  part  of  the  duodenum  ami  towards  the  left,  behind  the  right 
free  border  of  the  lesser  omentum,  it  will  occupy  tlie  foramen  of  Winslow,  which  is 
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just  large  enough  to  easily  aibiiit  the  hnger.  In  resecting  the  pylorus,  the 
surgeon  should  renieinl)er  that  the  gastro-duodeiial  vessels  lie  behind  the  first  part 
of  the  duodenum,  about  1  in.  to  the  right  of  the  pylorus. 

The  second  part  of  the  duodenum  descends  in  the  right  vertical  Pou})art  plane,  and 
is  crossed  a))out  its  middle,  at  the  level  of  the  infracostal  plane,  ])j  the  attachment  of 
the  transverse  mesocolon.  It  lies  in  front  of  the  hilus  and  lower  part  of  the  inner 
border  of  the  right  kidney. 

The  transverse  2wrtion  of  the  third  part  of  the  duodenum  occupies  the  upper 
part  of  the  um])ilical  region,  and  crosses  tlie  middle  line  about  1  in.  above  a  line 
joining  the  highest  part  of  the  iliac  crests ;  behind  its  commencement  is  the  upper 
part  of  the  right  ureter. 

The  ascc/iuling  jwrtio7i  of  the  third  part  of  the  duodeniim  crosses  the  infra- 
costal plane,  and  ascends  upon  the  left  side  of  the  verteljral  column  opposite  the 
second  and  third  lumliar  vertebrie. 

The  duodeno-jejunal  flexure,  which  lies  in  the  transpyloric  plane  1  in.  to  the 
left  of  the  mesial  plane,  is  the  landmark  which  the  surgeon  makes  for  when  he 
wishes  to  identify  the  commencement  of  the  jejunum  (Fig.  677,  p.  1004).  To  find 
the  fie.xure  the  omentum  and  transverse  colon  should  l)e  thrown  upwards  and  the 
finger  passed  along  the  lower  layer  of  the  transverse  mesocolon  to  the  left  side  of 
the  vertebral  column.  The  tlexure  lies  in  the  angle  or  recess  formed  l)y  the  left  side 
of  the  second  luml»ar  vertebra  and  the  under  surface  of  the  l)ody  of  the  pancreas. 
With  the  hnger  in  this  recess  the  commencement  of  the  jejunum  may  l)e  hooked 
forward  a  little  to  the  left  of  the  superior  mesenteric  vessels  at  the  root  of  tlie 
mesentery.  In  connexion  with  the  duodeno-jejunal  junction  is  the  duodeno-jejunal 
fossa  (inferior  duodenal  fossa  of  Jonnesco),  formed  by  a  fold  of  ])eritoneum  which 
stretches  from  tlie  left  side  of  the  fourth  or  ascending  part  of  the  duodenum 
upwards  to  l)ecome  attached  to  the  peritoneum  of  the  posterior  alxlominal  wall  close, 
to  the  inner  border  of  the  left  kidney.  The  free  edge  of  the  fold  and  the  mouth  of 
tlie  fossa  look  upwards.  This  is  one  of  the  situations  at  which  an  internal  hernia 
sometimes  develops,  the  sac,  as  it  enlarges,  extending  further  and  further  into  the 
extra-peritoneal  tissue  on  the  posterior  a))dominal  wall.  Should  strangulation 
occur,  the  hjwer  edge  of  the  orifice  must  l)e  divided  in  a  downward  direction,  in 
order  to  avoid  the  superior  mesenteric  vein  which  curves  round  the  anterior  and 
u])per  aspects  (jf  the  orifice  (Treves). 

Small  Intestine. — The  coils  of  the  small  intestine  dip  downwards  into  the 
pelvis,  overlap  tlie  ascending  and  descending  portions  of  the  colon,  and  extend 
upwards  to  the  attaclinient  of  the  transverse  mesocolon.  To  the  left  of  the 
mesentery  they  reach  as  far  as  the  under  surface  of  the  pancreas  and  the  splenic 
flexure  of  the  colon :  here  they  are  overlapped  by  the  lower  part  of  the  stomach, 
from  which  they  are  separated  liy  the  transverse  mesocolon.  The  only  certain 
means  which  tlie  surgeon  has  of  distinguishing  the  upper  from  the  lower  coils  of 
small  intestine  is  I)y  their  relation  to  the  duodeno-jejunal  flexure  and  the  ileo- 
ciecal  junction.  Occasionally  the  I'eyer's  patches  can  be  seen  from  the  peritoneal 
aspect  and  the  ileum  tlierel)y  identified.  The  terminal  jjortion  of  the  ileum,  which 
is  attached  by  the  lower  end  of  the  mesentery  U)  the  upper  part  of  the  right  lateral 
wall  of  the  true  pelvis,  crosses  over  its  brim,  and  ascends  along  the  inner  edge  of 
the  c;ecum  before  opening  into  it.  The  terminal  loop  of  the  ileum  may  be  hooked 
up  by  passing  the  finger  along  the  inner  side  of  the  ciecum  downwards  over  the 
inner  border  of  the  psoas  and  the  external  iliac  vessels  into  the  pelvis. 

Large  Intestine. — The  caecum,  which  occupies  the  right  iliac  region,  comes 
into  contact  with  the  anterior  abdominal  wall  immediately  aliove  the  outer  third  of 
Poupart's  ligament ;  laterally,  it  extends  from  the  anterior  superior  iliac  spine  to 
the  brim  of  the  pelvis.  When  dilated,  it  extends  considerably  beyond  these  limits  ; 
when  empty,  it  is  generally  m<n"e  or  less  completely  overlapped  by  small  intestine. 
The  ileo-csecal  valve  lies  oldiquely  a  little  below  the  intertubercular  plane,  imme- 
diately internal  to  where  that  plane  is  intersected  liy  the  Pou])art  plane;  it  is 
situated,  therefore,  at  the  upper  and  outer  angle  of  the  right  hyjjogastric  region, 
opposite  a  point  on  the  surface  1  in.  below  the  mid-point  of  a  line  joining  the 
umbilicus  and  the  anterior  superior  iliac  spine. 
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The  orifice  of  the  appendix  opens  upon  the  postero-internal  aspect  of  the 
ctecuni  ahout  an  inch  below  the  ileo-ciecal  valve.  The  appendix  will  generally  he 
found  to  pass  either  upwards  and  inwards  behind  the  lower  end  of  the  ileum,  or 
downwards  and  inwards  so  as  to  overhang  the  external  iliac  vessels  at  the  brim  of 
the  pelvis ;  less  frequently  it  ascends  in  the  pouch  behind  the  commencement  of 
the  ascending  colon.  The  hlood  supply  of  the  a2)2Jendix  is  derived  from  a  single 
artery  (a  branch  of  the  ileo-colic)  which  occupies  the  small  mesentery  of  the 
appendix ;  hence  interference  with  the  flow  of  l)lood  along  this  vessel,  either 
mechanically  or  from  disease,  predisposes  to  gangrene  of  the  appendix.  In  expos- 
ing the  appendix,  the  centre  of  the  incision  should  be  about  1  in.  below  and 
external  to  the  mid-point  between  the  uml)ilicus  and  the  anterior  superior  iliac 
spine.  The  sheath  of  the  rectus  should,  if  possible,  not  be  opened.  After  dividing 
the  peritoneum,  the  appendix  is  sought  for  l)y  passing  the  finger  behind  the  angle 
formed  by  the  inner  aspect  of  the  ctecum  and  the  lower  end  of  the  ileum.  It  may 
l»e  necessary  to  ))ring  the  c;ecum  out  of  the  wound,  in  order  that  the  anterior 
longitudinal  band  of  muscular  fibres  (taenia  coli)  may  be  traced  downwards  to  the 
root  of  the  appendix. 

The  ascending  colon,  after  crossing  the  iliac  crest,  lies  deeply  in  the  right 
lumbar  region  upon  the  quadratus  lumborum  and  the  right  kidney. 

The  hepatic  flexure  reaches  u])\vards  beneath  the  tenth  costal  cartilage  into  the 
lowest  part  of  the  right  hypuclioudrium,  where  it  lies  immediately  to  the  right  of  the 
gall-bladder,  l.ietween  the  liver  and  the  lower  half  of  the  anterior  surface  of  the  kidney.  * 

The  transverse  colon  crosses  the  iipper  part  of  the  umbilical  region.  Not. 
infrequently  it  forms  a  U-shaped  or  a  V-shaped  loop  which  reaches  for  a  variable 
distance  ))elow  the  level  of  the  uml)ilicus ;  when  the  intestines  are  distended  it 
may  ascend  in  front  of  the  stomach. 

The  splenic  flexure  reaches  uyjwards  liehind  the  greater  curvature  of  the 
stomach  into  the  left  hypochondriac  region,  as  far  as  the  lower  extremity  of  the 
spleen,  from  which  it  is  separated  by  the  costocolic  fold  of  peritoneum. 

The  descending  colon  lies  deeply  in  the  left  lumbar  region,  along  the  lower  half 
of  the  outer  Ijorder  of  the  left  kidney. 

The  iliac  and  pelvic  portions  of  the  colon  lie  respectively  in  the  left  iliac  fossa 
and  in  the  true  pelvis ;  the  latter  is  provided  with  a  distinct  mesentery  which, 
as  it  crosses  the  lett  ureter  and  the  bifurcation  of  the  common  iliac  A''essels,  forms 
the  intersigmoid  peritoneal  fossa.  This  fossa  is  sometimes  the  starting-point  of  an 
internal  retroperitoneal  hernia.  The  mouth  of  the  fossa  looks  downwards  and  to  the 
left ;  al  )ove  and  to  its  right  is  the  sigmoid  artery.  The  iliac  colon  can  generally  be  felt 
through  the  al)dominal  wall  as  it  descends  from  the  crest  of  the  ileum  to  the  inner 
margin  of  the  psoas  muscle.  The  iliac  colon  is  the  part  of  the  bowel  whicli  is  most 
frequently  opened  when  it  is  desired  to  make  an  artificial  anus.  It  is  exposed 
through  an  oblique  incision,  the  centre  of  which  is  at  the  junction  of  the  middle  and 
outer  thirds  of  a  line  drawn  from  the  umbilicus  to  the  anterior  superior  iliac  spine. 

Kidneys. — The  kidneys,  which  lie  behind  the  peritoneum,  extend  higher  up 
than  is  often  supposed,  and  laterally  they  do  not  extend  so  far  away  from  the 
spine  as  is  almost  invarial)ly  depicted  ;  hence  it  is  that,  unless  enlarged,  the  kidneys 
can  seldom  be  felt  throitgh  the  abdominal  wall.  The  right  kidney  as  a  rule  lies  a 
little  lower  than  the  left,  as  well  as  a  little  further  away  from  the  mesial  plane. 
The  hilus  of  the  right  kidney  lies  2  in.  from  the  mesial  plane ;  that  of  the  left 
Ih  in.  from  the  mesial  plane.  For  practical  purposes  the  hilus  of  the  kidney  may  be 
regarded  as  opposite  a  point  on  the  anterior  aljdominal  wall  a  finger's  Ijreadth 
internal  to  the  tip  of  the  ninth  costal  cartilage ;  and  a  line  joining  the  two  hili 
crosses  the  vertebral  column  opposite  the  disc  between  the  first  and  second  lumbar 
verteln'iie,  that  is  to  say,  on  a  level  with  the  transpyloric  line.  The  highest  point 
of  the  kidney  is  situated  two  inches  from  the  mesial  plane,  on  a  level  with  a  line 
crossing  the  abdomen  midway  between  the  xiphisternal  and  transpyloric  planes.  The 
lowest  point  of  the  kidney  reaches  down  to,  or  a  little  below,  the  infracostal  plane. 

The  student  should  make  himself  familiar  with  the  feel  of  the  parts  in  relation 
to  the  kidneys,  as  far  as  they  can  he  made  out  by  introducing  the  hand  through  a 
mesial  abdominal  incision.    The  lower  half  of  the  right  kidney  is  covered  by  the 
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hepatic  flexure  of  the  colon ;  the  upper  part  lies  deeply  in  the  hypochondriuni,  and 
is  felt  by  thrusting  the  hand  upwards  and  backwards  between  the  liver  and  the 
hepatic  flexure  of  the  colon.  Between  this  part  of  the  kidney  and  the  renal  sur- 
face of  the  liver  is  a  deep  recess  which  receives  its  serous  covering  from  peri- 
toneum continued  upwards  from  the  upper  layer  of  the  transverse  mesocolon. 
Overlapping  the  hilus  and  the  lower  part  of  the  inner  border  is  the  descending 
part  of  the  duodenum,  which  is  crossed  by  the  transverse  colon. 

The  lower  half  of  the  left  kidney,  covered  by  peritoneum  continued  downwards 
from  the  lower  layer  of  the  transverse  mesocolon,  is  easily  felt  in  the  hollow 
])etween  the  vertebral  column  and  the  upper  part  of  the  descending  colon.  It  is 
overlapped  by  coils  of  small  intestine,  and  passing  transversely  outwards  in  front 
of  it  is  the  left  colic  artery  and  its  branches.  Crossing  the  left  kidney,  a  little 
above  its  middle,  is  the  Ijody  of  the  pancreas,  together  with  the  splenic  vessels. 
To  reach  the  part  of  the  kidney  which  lies  above  the  pancreas,  an  opening  should- 
be  made  through  the  gastro -colic  omentum  and  the  hand  passed  upwards  behind 
the  stomach  into  the  lesser  sac  of  the  peritoneum.  AppHed  to  the  upper  half  or 
more  of  the  outer  border  of  the  kidney  is  the  renal  surface  of  the  spleen. 

The  posterior  relations  of  the  kidneys  have  been  referred  to  when  dealing  with 
the  back. 

Outside  the  true  capsule  of  the  kidney  is  the  adipose  capsule,  which  is  a 
specialised  thickening  of  the  extra-peritoneal  fat.  It  is  in  this  fat  that  a  peri- 
nephritic  abscess  develops,  the  pus  passing  backwards  into  the  loin,  downwards 
towards  the  ihac  fossa,  or  forwards  into  the  extra-peritoneal  fat  of  the  anterior 
abdominal  wall. 

The  ureters  lie  behind  the  peritoneum  covering  the  psoas  muscles ;  they 
descend  almost  vertically  in  the  umbilical  region  in.  from  the  nJesial  plane. 
At  the  level  of  the  intertubercular  plane  they  lie  in  front  of  the  termination  of 
the  common  iliac  arteries,  and  then  pass  down  into  the  true  pelvis  in  front  of  the 
internal  iliac  arteries. 

Pancreas. — The  head  of  the  ^pancreas  occupies  the  curve  of  the  duodenum, 
and  lies  in  the  lowest  part  of  the  right  half  of  the  epigastric  region,  on  a  level  with 
the  second  lumbar  vertebra.  The  neck,  which  crosses  the  mesial  plane  opposite  the 
disc  between  the  first  and  second  lumbar  vertebr<e,  lies  in  the  transpylorie  plane, 
while  the  body  lies  immediately  aljove  that  plane.  The  tail  lies  in  the  left  hypo- 
chondriac region.  The  relations  of  the  pancreas  to  the  transverse  mesocolon  and 
to  the  neighbouring  viscera  have  already  been  sufficiently  referred  to. 

A  j)ancreatic  cyst  gives  rise  to  a  tumefaction  of  the  abdomen  either  in  the 
epigastric  or  in  the  umbilical  region,  depending  on  whether  it  pushes  the  gastro- 
hepatic  omentum  before  it  and  develops  between  the  liver  and  stomach,  or  whether 
it  extends  forwards  below  the  stomach.  Iii  severe  contusions  of  the  abdomen  the 
pancreas  may  be  ruptured  against  the  vertebral  column. 

Vessels  of  the  Abdomen. — The  commencement  of  the  abdominal  aorta  and  the 
coeliac  axis  is  situated  two  fingers'  breadth  above  the  transpylorie  plane.  The 
superior  mesenteric  artery  arises  a  finger's  Itreadth  above  the  transpylorie  plane,  the 
renal  arteries  a  finger's  breadth  below  it.  Tlie  inferior  mesenteric  artery  arises  mid- 
way between  the  transpylorie  and  the  intertubercular  plane — that  is  to  say,  about 
1  in.  above  the  level  of  the  umbilicus.  The  abdominal  aorta  bifurcates  in,  or  a 
Little  to  the  left  of,  the  mesial  plane,  on  a  level  with  the  highest  part  of  the  iliac 
crest,  and  about  |  in.  below  the  level  of  the  umbilicus. 

The  inferior  vena  cava  lies  immediately  to  the  right  of  the  aorta ;  its  most 
important  surgical  relation  is  tlie  right  ureter,  which  lies  close  to  its  outer  side. 

The  common  and  external  iliac  arteries  may  be  mapped  out  by  drawing  a  hne, 
curved  slightly  outwards,  from  a  point  opposite  the  bifurcation  of  the  aorta  to  a 
point  midway  between  the  anterior  superior  iliac  spine  and  the  pubic  symphysis : 
the  upper  third  of  this  line  corresponds  to  the  common  iliac,  the  lower  two-thirds 
to  the  external  iliac.  The  common  iliac  veins  lie  mainly  to  the  right  of  the  corre- 
sponding arteries,  the  left  vein,  however,  crossing  behind  the  riglit  artery  to  join  its 
fellow  to  form  the  inferior  vena  cava.  The  relation  of  the  veins  and  of  the  ureters 
must  be  borne  in  mind  in  ligaturing  the  common  iliac  arteries. 
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The  great  A'essels  upon  the  posterior  abdominal  wall,  along  with  the  adjacent 
lymphatic  A^essels  and  glands,  lie  in  the  extra-peritoneal  fat,  and  therefore  within 
the  general  fascial  envelope  of  the  abdomen.  Abscesses  originating  from  the 
retro-peritoneal  lymphatic  glands  are,  therefore,  like  perinephritic  al)scesses,  extra- 
peritoneal, Init  intra-fascial ;  abscesses  of  spinal  origin,  whether  lumbar,  iliac,  or 
psoas,  are,  on  the  other  hand,  extra-fascial.  Abscesses  connected  with  the  vermi- 
form appendix  are  primarily  intra-peritoneal ;  occasionally  they  ulcerate  through 
the  parietal  peritoneum  and  ])urrow  in  the  extra -peritoneal  fat. 

THE  MALE  PEETNEUM. 

The  male  perineum  is  a  heart-shaped  space  the  osseous  boundaries  of  which  are 
the  same  as  those  which  form  the  outlet  of  the  pelvis.  A  line  drawn  transversely 
across  the  perineum  Ijetween  the  anterior  part  of  the  tuberosities  crosses  the  middle 
line  innuediately  in  front  of  the  anus,  and  divides  the  space  into  an  anterior  or 
urogenital  triangle  and  a  posterior  or  rectal  triangle.  The  urogenital  triangle  is 
sul)divided  into  a  superficial  and  deep  compartment  by  the  triangular  ligament;  iu 
the  superficial  compartment  is  the  root  of  the  penis,  which  gives  rise  to  a  longi- 
tudinal fulness  upon  the  surface.  Anteriorly,  the  surface  of  the  urogenital  triangle 
is  continued  on  to  the  scrotum,  whilst  laterally  a  distinct  groove  separates  it  from 
the  inner  surface  of  the  thighs.  The  central  point  of  the  perineum  (common  tendon 
of  the  perineal  muscles)  is  continuous  with  the  centre  of  the  l)ase  of  the  triangular 
ligament,  and  lies  a  finger's  breadth  in  front  of  the  anus.  Immediately  in  front  of 
it,  and  about  1  in.  from  the  centre  of  the  anus,  is  the  posterior  edge  of  the  bulb 
of  the  corpus  spongiosum.  The  superficial  compartment  of  the  urogenital  triangle 
is  bounded  l)elow  l)y  the  perineal  fascia  of  Colles,  which  is  attached  posteriorly  to  the 
base  of  the  triangular  ligament,  and  laterally  to  the  margins  of  the  pubic  arch. 
Anteriorly,  the  fascia  of  Colles  passes  on  to  the  scrotum,  the  penis,  and  sper- 
matic cord,  to  become  continuous  witii  the  fascia  of  Scarpa  upon  the  front  of  the 
abdomen. 

When  the  urethra  is  ruptured  below  the  anterior  layer  of  the  triangular  liga- 
ment, the  course  of  infiltration  of  extravasated  urine  is  determined  Ijy  these  attach- 
ments ;  at  first,  therefore,  the  urine  is  confined  within  this  compartment,  but 
gradually  travels  forwards  under  the  fascia  of  Colles  on  to  the  lower  part  of  the 
anterior  abdominal  wall ;  it  is  prevented  from  passing  down  the  front  of  the  thigh 
by  the  attachment  of  Scarpa's  fascia  to  the  fascia  lata,  a  little  below  Poupart's 
ligament. 

The  deep  compartment  of  the  urogenital  division  of  the  perineum  corresponds  to 
the  interval  between  the  triangular  ligament  proper  and  the  parietal  layer  of  the 
pelvic  fascia  (the  so-called  superior  or  deep  layer  of  the  triangular  ligament). 
The  most  inii)ortant  structures  which  this  compartment  contains  are  the  membranous 
portion  of  the  urethra,  Cowper's  glands,  the  internal  pudic  vessels,  and  the  artery 
to  tlie  bull  I. 

The  membranous  part  of  the  urethra  lies  1  in.  Ijehind  the  lower  border  of  the 
pubic  symphysis.  When  this  division  of  the  urethra  is  ruptured,  the  extravasated 
urine,  after  filling  the  deep  compartment,  may  reach  the  superficial  compartment 
by  ljursting  through  the  triangular  ligament  where  the  vessels  pierce  it ;  or  it  may 
penetrate  the  parietal  layer  of  the  pelvic  fascia,  infiltrate  the  perivesical  connective 
tissue  and  the  space  of  Eetzius,  and  ultimately  ascend  in  the  anterior  abdominal 
wall  between  the  fascia  transversalis  and  the  parietal  peritoneum. 

Cowper's  glands,  which  lie  immediately  liehind  the  membranous  urethra,  are 
overlapped  l)y  the  bulb  of  the  urethra,  from  which  they  are  separated  by  the  tri- 
angular ligament.  The  internal  pudic  artery  lies  just  within  the  margin  of  the 
pubic  arch.  The  artery  to  the  bulb  runs  transversely  inwards  \  in.  abo^'e  the  base 
of  the  triangular  ligament,  i.e.  above  the  level  of  a  line  drawn  from  the  front  of  the 
tuberosities  to  the  central  point  of  the  perineum. 

The  male  urethra  measures  about  8  in.  from  the  external  to  the  internal 
meatus ;  the  narrowest  portion  is  at  the  external  meatus ;  a  second  narrowing 
occurs  at  the  triangular  ligament.    It  is  behind  these  constrictions  that  a  calculus 
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is  liable  to  become  impacted.  The  most  dependent  part  of  the  uretlira  is  the 
l)iilbous  portion,  and  it  is  in  this  situation  that  an  organic  stricture  is  most 
frequently  met  with.  The  membranous  portion  of  the  urethra,  situated  between 
the  two  layers  of  the  triangular  ligament,  is  surrounded  Ijy  the  compressor  urethra' 
muscle,  which,  when  thrown  into  spasm,  may  firmly  grip  an  instrument  as  it  is 
passed  into  the  bladder.  Rupture  of  the  urethra  from  a  fall  on  the  perineum 
generally  involves  the  bulbous  portion.  A  false  passage  made  during  the  passage 
of  an  instrument  generally  traverses  the  tioor  of  the  urethra  at  the  triangular  liga- 
ment ;  to  prevent  this  the  point  of  the  instrument  shoidd  always  1  le  directed 
upwards,  and  the  handle  at  the  same  time  depressed  as  soon  as  the  instrument  is  felt 
to  encounter  the  resistance  of  the  triangular  ligament.  When  the  prostate  is  hyper- 
trophied  the  prostatic  portion  of  the  urethra  is  elongated,  and  the  internal  meatus 
may  look  directly  forwards,  while  if  the  lateral  lol^es  are  unequally  enlarged  it 
may  deviate  laterally.  Patients  with  prostatic  hypertrophy  are  seldom  able  to 
completely  empty  the  Ijladder,  on  account  of  the  dependent  well  which  exists 
below  and  Ijehind  the  prostate. 

The  epididymis,  which  can  be  felt  behind  the  testicle  as  an  elongated  curved 
body  applied  vertically  to  its  posterior  surface,  is  especially  involved  in  gonorrhoeal 
and  tubercular  infections  of  the  testicle.  Occupying  the  posterior  part  of  the 
spermatic  cord  is  the  vas  deferens,  which,  when  grasped  between  the  finger  and 
thumb,  feels  like  a  piece  of  whip-cord.  The  spermatic  veins  form  a  plexus  in  the 
substance  of  the  cord,  known  as  the  pam];)iniform  plexus ;  a  A^aricose  condition  ol' 
these  veins  gives  rise  to  the  condition  known  as  varicocele.  In  operating  for 
varicocele  the  veins  are  reached  by  dividing  in  succession  all  the  coverings  of  the 
cord ;  the  deepest  covering,  viz.  the  infundiliuliform  fascia,  deriA^ed  from  the  fascia 
transversalis,  forms  a  well-marked  fibrous  envelope  which  immediately  surrounds 
the  veins  and  other  constituents  of  the  cord.  Besides  the  spermatic  artery,  the 
testicle  receives  its  blood  supply  from  the  artery  accompanying  the  vas  deferens 
and  from  the  cremasteric  branch  of  the  deep  epigastric. 

The  marked  swelling  which  attends  xdevia  and  hcematowa  of  the  scrotum  is  due 
to  the  loose  and  delicate  character  of  the  cellular  tissue  which  occupies  the  space 
between  the  dartos  muscle  and  the  subjacent  membrane  derived  from  the  inter- 
•  columnar  fascia. 

The  anus  is  situated  in  the  rectal  division  of  the  perineum  al)Out  Ih  in.  in  front 
of  and  below  the  tip  of  the  coccyx.  The  skin  around  the  orifice  is  pigmented  and 
thrown  into  radiating  folds.  The  painful  linear  crack  or  ulcer,  known  as  fissure  of 
the  anus,  generally  occupies  one  of  the  furrows  at  the  posterior  margin  of  the  anus. 
The  skin  of  the  anus  is  provided  with  large  sebaceous  and  sweat  glands,  which  are 
occasionally  the  site  of  small  and  very  painful  anal  abscesses. 

On  making  a  rectal  exMmination  it  will  1)0  deserved  that  the  finger,  Ijei'ore  it 
reaches  the  cavity  of  the  rectum,  traverses  the  narrow  or  sphincteric  portion  of  the 
rectum,  appropriately  named  by  Symington  the  anal  canal.  This  canal,  which  is 
directed  from  below  upwards  and  forwards,  extends  from  the  anal  orifice  to  the 
ampulla  of  the  rectum,  is  about  1  in.  in  length ;  its  upper  end  is  on  a  le\'el  with 
the  inner  borders  of  the  pubo-rectal  portions  of  the  levatores  ani. 

External  hccmorrhoids  are  developed  I'rom  the  anal  folds  situated  outside  the 
white  line  corresponding  to  the  muco-cutaneous  junction ;  internal  ^w/t's  are 
developed  from  the  veins  of  the  mucosa  at  the  upper  part  oi'  the  anal  canal. 

In  the  upper  half  of  the  anal  canal  are  the  valves  of  Morgagni.  According  to 
Ball,  fissure  of  the  anus  is  generally  caused  by  the  tearing  downwards  of  one  of  the 
posterior  valves  during  the  passage  of  a  scylmlous  mass. 

According  to  Birmingham,  the  pulio-coccygeal  filjres  of  the  levator  ani  close  the 
upper  part  of  the  anal  canal,  whilst  the  external  sphincter  closes  the  remaining 
part.  The  internal  sphincter,  according  to  the  same  author,  acts  probal)ly  as  a 
detrusor,  its  use  being  to  empty  the  anal  canal  completely  after  the  passage  of 
each  fascal  mass. 

The  apex  of  the  ischio-rectal  fossa,  formed  Ijy  the  attachment  of  the  anal  fascia 
to  the  obturator  portion  of  the  parietal  pelvic  fascia,  is  directed  upwards  towards 
the  pelvis,  and  lies  2^  in.  from  the  surface.    The  inner  wall  of  the  fossa  is 
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bounded  by  the  levator  aui  and  coccygeal  muscles  covered  by  the  anal  fascia ; 
the  outer  wall  by  the  obturator  internus  muscle  covered  by  the  obturator  fascia. 
An  abscess  in  tlie  ischio-rectal  fossa  should  be  opened  early,  otherwise  it  is  liable 
to  burst  through  the  inner  wall  into  tlie  rectum ;  should  it  open  also  upon  the 
skin  surface  a  complete  "fistula  in  ano  "  is  formed.  When  a  "  fistula  in  ano  "  results 
from  the  bursting  of  a  submucous  abscess  of  the  anal  canal  the  track  of  the  fistula 
runs  either  internal  to  or  through  the  fibres  of  the  internal  and  external  sphincter 
muscles,  and  the  external  or  skin  opening  is,  as  a  rule,  close  to  the  anus,  while  the 
internal  opening  is  generally  within  the  upper  end  of  the  anal  canal.  Occasionally 
the  iscliio-rectal  abscess  perforates  the  levator  ani  towards  the  apex  of  the  fossa ; 
it  then  burrows  into  the  peri-rectal  cellular  tissue  of  the  pelvis,  and  opens  into  the 
ampulla  of  the  rectum.  In  other  cases,  again,  the  abscess  starts  in  the  peri-rectal 
tissue  internal  to  the  levator  ani,  and  either  bursts  into  the  rectal  ampulla  or 
through  the  levator  ani  into  the  ischio-rectal  fossa,  and  so  reaches  the  surface.  Or 
the  pus  may  burrow  between  the  rectum  and  coccyx,  whence  it  may  pass  outwards 
through  the  great  sacro-sciatic  foramen  behind  the  parietal  pelvic  fascia  into  the 
buttock  ;  or,  by  piercing  the  visceral  layer  of  the  pelvic  fascia,  may  reach  the  extra- 
peritoneal fatty  tissue  of  the  pelvis  and  ascend  in  it  to  form  an  iliac  abscess. 

The  lymi)lmtics  from  the  anus  pass  along  the  perineo-crural  folds  to  the  inner- 
most glands  of  the  groin,  both  inguinal  and  crural.  From  the  rectum  the  majority 
of  the  lymphatics  pass  through  a  chain  of  glands  which  lie  alongside  the  superior 
luemorrlioidal  vessels  in  the  retro-rectal  cellular  tissue  in  front  sOf  the  sacrum ; 
others,  accompanying  the  middle  hnemorrhoidal  veins,  go  to  the  glands  in  the 
neighbourhood  of  the  internal  iliac  vessels. 

In  making  a  rectal  examiimtion  the  finger  should  be  carried  forwards  from  the  tip  of 
the  coccyx  so  as  to  enter  the  anus  from  behind.  Tlie  finger  is  then  gently  pressed  upwards 
and  slightly  forwards  through  the  sphincteric  region  in  the  axis  of  the  anal  canal  until  it 
reaches  the  cavity  of  the  rectum,  the  lower  part  of  which  is  dilated  to  form  the  ampulla. 
The  folds  or  valves  of  Houston,  three  in  num})er,  project  into  the  cavity  of  the  bowel  in 
the  form  of  prominent  crescentic  shelves,  which  are  produced  by  the  three  permanent  or 
true  flexures  into  which  the  rectum  is  thrown  (15irmingham) ;  the  lower  valve,  which  may 
be  sufficiently  prominent  to  impede  the  passage  of  the  finger,  must  not  be  mistaken  for  a 
pathological  condition.  Through  the  anterior  wall  the  finger  can  palpate  from  below  up- 
wards the  bulb  of  the  urethra,  the  membranous  parts  of  the  urethra,  Cowper's  glands  (when 
inflamed  and  enlarged  ),  the  apex  and  lateral  lobes  of  the  prostate,  the  vesicute  seminales 
(when  diseased),  and  the  external  trigone  of  the  bladder.  With  the  left  forefinger  in  the 
rectum,  an  instrument  passed  into  the  bladder  can  be  distinctly  felt  as  it  traverses  the  mem- 
branous urethra  ;  as  it  lies  in  the  prostatic  urethra  it  is  sepai-ated  from  the  finger  by  the  pro- 
state. Hence,  when  n  false passai/e  is  made  through  the  bulbous  or  membranous  portion  of 
the  urethra,  the  instrument,  if  pushed  onwards  towards  the  bladder,  will  be  felt  immediately 
outside  the  rectum  between  it  and  the  prostate.  In  the  child,  owing  to  the  rudimentary 
condition  of  the  prostate,  the  instrument  is  distinctly  felt  close  to  the  rectum,  as  it  lies  in 
the  prostatic  as  well  as  in  the  membranous  portion  of  the  urethra.  When  the  prostate  is 
not  enlarged  the  tip  of  the  finger  can  just  reach  the  external  trigone,  wliich  is  most  dis- 
tinctly felt  when  the  bladder  is  full.  The  vesiculfe  seminales,  indistinctly  felt  when 
healthy,  may  be  readily  palpated  when  enlarged  and  indurated  from  disease.  Through 
the  lateral  wall  of  the  rectum  may  be  palpated  the  ischio-rectal  fossa,  the  bony  wall  of  the 
true  pelvis,  and,  when  enlarged,  the  internal  iliac  lymphatic  glands;  through  the  posterior 
wall  the  hollow  of  the  sacrum  and  coccyx,  and  the  lymphatic  glands  lying  in  the  retro- 
rectal cellular  tissue. 

Ill  the  child  rectal  examination  enables  one  to  palpate,  in  addition  to  the  structures  in 
the  cavity  of  the  true  pelvis,  those  which  occupy  the  lower  segment  of  the  ai)domen. 
When  the  bladder  is  empty  even  a  small  calculus  can  be  readily  felt  by  recto-abdominal 
palpation. 

The  distance  of  the  apex  of  the  recto-vesical  pouch  of  jieritoneum  from  the  anus 
varies  consideral)ly,  according  to  the  degree  of  distension  of  the  bladder  and  rectum  ; 
\\  hen  l)Oth  are  empty  it  reaches  to  about  2  in.  from  the  anus ;  when  both  are 
(hstended  it  is  at  least  one  inch  higher.  As  pointed  out  by  Birmingham,  the 
peritoneum  is  closely  adherent  to  the  rectum  above  and  in  front,  while  at  the  side 
and  below  the  connexion  is  much  lo(jser,  so  that  by  stripping  the  peritoneum 


FEMALE  PELVIS. 


1233 


upwards  the  greater  part,  or  even  the  whole,  of  the  rectum  may  be  excised  without 
opening  into  the  peritoneal  cavity. 

The  posterior  surface  of  the  prostate,  the  vesiculse  seminales,  and  tlie  external 
trigone  of  the  bladder,  may  be  exposed  l)y  making  a  trans\  ersely  curved  incision, 
convex  forwards,  between  the  two  ischial  tuberosities.  The  centre  of  the  incision 
passes  through  the  central  point  of  the  perineum,  immediately  behind  the  bulb, 
while  laterally  the  incision  sinks  into  the  ischio-rectal  fossa  behind  the  trans- 
verse perineal  muscles  and  the  base  of  the  triangular  ligament.  By  dividing  the 
anterior  or  pubo-rectal  fibres  of  the  levatores  ani  the  lower  part  of  the  rectum  is 
exposed,  and  may  be  readily  separated  from  the  recto-vesical  layer  of  the  pelvic 
fascia.  On  dividing  this  fascia  the  posterior  surface  of  the  prostate  is  exposed,  and 
above  it  the  external  trigone  of  the  bladder,  bounded  laterally  by  the  vesiculte 
seminales  and  the  terminal  portions  of  the  vasa  deferentia. 

FEMALE  PELVIS. 

The  external  genitals  are  fully  described  at  page  1136.  Tlie  external  orifice  of 
the  urethra,  surroimded  by  a  slight  annular  prominence  of  the  mucous  membrane, 
is  situated  about  1  in.  behind  the  clitoris,  immediately  above  the  centre  of  the  base 
of  the  vestibule — a  smooth  triangular  area  at  the  anterior  part  of  the  vulva,  with  its 
sides  formed  by  the  labia  minora  and  its  base  by  the  anterior  margin  of  the  ostium 
vaginae.  In  passing  the  catheter  the  instrument  is  directed  along  the  forefinger 
(introduced  just  within  the  ostium  vaginte  with  the  palmar  surface  towards  the 
symphysis  pubis)  to  the  base  of  the  smooth  vestibule,  where  it  is  tilted  slightly 
upwards  so  as  to  bring  its  point  opposite  the  meatus. 

Bartholin's  glands,  about  the  size  of  a  bean,  are  placed  one  on  either  side  of 
the  posterior  third  of  the  orifice  of  the  vagina,  above  the  triangular  ligament. 
Their  ducts,  nearly  1  in.  in  length,  open  posteriorly  between  the  hymen  and  the 
posterior  commissure  (fossa  navicularis).  Abscesses  and  cysts  not  infrequently 
develop  in  connection  with  these  glands.  The  bulbs  of  the  vagina  are  two  pyriform 
collections  of  erectile  tissue  situated  one  upon  each  side  of  the  vestibule,  between 
the  sphincter  vaginje  and  the  anterior  layer  of  the  triangular  ligament.  Eupture 
of  these  bodies  gives  rise  to  the  condition  known  as  imdendal  hccmatocele. 

In  making  a  vagmal  exwrninatioti  the  patient  should  be  placed  in  the  dorsal  position, 
with  the  thighs  well  flexed ;  the  index-finger  of  the  right  hand  is  now  carried  along  the 
fold  of  the  buttock  towards  the  middle  line,  where  it  will  impinge  against  the  posterior 
aspect  of  the  introitus  vaginae,  whence  it  is  inserted  upwards  and  backwards  into  the 
canal ;  to  render  the  examination  more  thorough  the  middle  finger  may  also  be  intro- 
duced. When  the  uterus  is  in  i(,s  normal  position  the  vaginal  portion  of  the  cervix  uteri 
is  felt  as  a  knob-like  body  projecting  downwards  and  backwards  into  the  upper  part  of 
the  canal.  In  nulliparse  the  os  uteri  is  a  small  transverse  slit,  whereas  in  women  who 
have  borne  children  it  is  larger  and  more  or  less  fissured.  Above  and  behind  the  cervix 
is  the  posterior  fornix,  which  is  in  close  proximity  to  the  pouch  of  Douglas ;  this  pouch, 
though  normally  empty,  is  the  frequent  site  of  displaced  abdominal  and  pelvic  organs,- 
and  collections  of  intraperitoneal  effusions  and  exudations.  A  loaded  rectum  can  be 
detected  through  the  vagina  by  the  characteristic  way  in  which  the  contents  can  be  pitted 
by  the  finger.  In  front  of  the  cervix  is  the  shallow  anterior  fornix,  through  which  may 
be  felt  the  body  of  the  uterus  and  the  base  of  the  bladder,  while  through  the  lower  half 
of  the  anterior  vaginal  wall  the  urethra  may  be  detected  as  a  cylindrical,  cord-like 
thickening  which  may  be  rolled  against  the  lower  border  of  the  symphysis.  The  ureter, 
especially  if  enlarged,  can  be  recognised  through  the  antero-lateral  fornix,  by  compressing 
it  against  the  pubic  bone. 

By  the  bimanual  examiruition  the  pelvic  organs  are  steadied  and  pushed  downwards 
towards  the  pelvic  outlet  by  the  pressure  of  the  left  hand  applied  in  the  hypogastric 
region,  so  that  they  can  be  more  readily  reached  and  palpated  .by  the  finger  placed  in  the 
vagina  with  its  palmar  aspect  directed  upwards.  The  ovary  may  be  felt  as  a  firm  body 
about  the  size  of  the  end  of  the  thumb  by  pushing  the  fingers  well  up  into  the  lateral 
fornix  towards  the  lateral  wall  of  the  pelvis.  In  health  the  ovaries  are  freely  movable. 
The  healthy  Fallopian  tubes  cannot,  as  a  rule,  be  felt  per  vaginam. 

The  whole  of  the  interior  of  the  bladder  in  the  female  can  be  readily  seen  bv  reflecting 
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liglit  into  it  tiirovigli  a  speculum  introduced  into  tlie  empty  bladder  after  dilating  the 
urethra.  The  patient  is  placed  in  the  genu-pectoral  position,  so  that  the  bladder  may 
become  inflated  with  aii',  the  coils  of  intestine  being  displaced  iipwards.  In  the  distended 
condition  of  the  bladder  the  mucosa  has  a  dull  white  appearance,  except  in  the  region  of 
the  trigone,  which  shows  a  pale  pink  injection  ;  when  the  bladder  is  contracted  the 
mucosa  appears  injected  throughout.  The  ureteral  orifices,  placed  about  one  inch  apart 
and  connected  by  a  slight  transverse  ridge  (inter-ureteric  fold),  present  the  appearance 
of  fine  transverse  slits  situated  upon  small  and  somewhat  injected  elevations  of  the 
mucosa.  Every  minute  or  so  a  jet  of  urine  will  be  seen  to  issue  from  the  orifice.  Having 
in  this  way  located  the  ureteral  opening,  a  catheter  or  bougie  may  be  passed  into  it 
along  the  speculum. 

By  rectal  examination  the  finger  can  palpate,  from  below  upwards,  the  recto-vaginal 
septum,  the  cervix  uteri,  the  posterior  fornix  of  the  vagina,  the  apex  of  the  pouch  of 
Douglas,  and  the  body  of  the  uterus.  By  washing  out  the  rectum  and  intrpducing  a 
speculum  into  the  bowel,  with  the  patient  in  the  genu-pectoral  position,  the  rectum 
becomes  inflated  with  air ;  the  finger  can  now  feel  very  distinctly  the  posterior  surface 
of  the  uterus  and  the  Fallopian  tubes,  and  by  running  the  finger  outwards  along  the  pro- 
minent fold  formed  by  the  utero-ovarian  ligament  the  ovary  is  also  very  distinctly  felt. 

On  opening  the  abdomen  by  a  mesial  incision  extending  from  the  umbilicus  to 
the  pulses,  and  looking  into  the  pelvis  from  above  after  displacing  some  coils  of 
the  small  intestine  upwards,  the  fundus  of  the  uterus,  directed  forwards  and  a 
little  upwards,  is  seen  resting  upon  the  postero-superior  surface  of  the  bladder. 
Behind  the  uterus  is  the  rectum,  and  between  the  two  the  pouch  of  Douglas, 
containing  the  pelvic  colon  and  the  lower  part  of  the  ileum.  The  ovary  lies  a 
little  below  the  level  of  the  brim  of  the  pelvis  upon  a  triangular  shelf,  bounded  in 
front  by  the  broad  ligament,  behind  and  internally  by  the  utero-sacral  ligament, 
and  behind  and  externally  by  the  pelvic  wall.  When  the  vermiform  appendix 
overhangs  the  brim  of  the  pelvis  its  tip  may  come  into  close  relation  with  the  right 
ovary,  a  condition  which  often  leads  to  a  difficulty  in  distinguishing  an  inflam- 
mation of  that  ovary  from  appendicitis.  The  round  ligaments  are  seen  passing 
forwards  and  outwards  from  the  anterior  aspect  of  the  cornua  of  the  uterus  to 
the  internal  abdominal  rings,  which  lie  immediately  in  front  and  to  the  inner  side 
of  the  terminations  of  the  external  iliac  arteries.  Below  and  at  the  inner  side  of 
the  round  ligament,  as  it  leaves  the  pelvis,  is  the  deep  epigastric  artery.  By  pulling 
the  uterus  upwards  the  attachments  of  the  broad  ligament  to  the  floor  and  lateral 
walls  of  the  pelvis  are  brought  into  evidence,  as  also  are  the  utero-vesical  and 
recto- vaginal  peritoneal  pouches  ;  the  former  is  shallow,  while  the  deepest  part  of 
the  latter  covers  the  upper  fourth  of  the  posterior  wall  of  the  vagina,  and  comes 
into  relation,  therefore,  with  the  posterior  fornix. 

The  iireter  crosses  the  brim  of  the  pelvis  in  front  of  the  bifurcation  of  the 
common  iliac  artery  IJ  in.  external  to  and  a  little  below  the  centre  of  the  sacral 
promontory.  The  corresponding  point  on  the  anterior  abdominal  wall  is  at  the 
junction  of  the  outer  and  middle  thirds  of  a  line  joining  the  anterior  superior 
spines  of  the  ilium.  After  crossing  the  termination  of  the  conunon  iliac  artery 
from  without  inwards  the  ureter  curves  downwards  and  forwards  behind  the  perito- 
neum of  the  postero-lateral  wall  of  the  true  pelvis  ;  in  front  of  it  are  the  Fallopian 
tube  and  ovary.  Before  reaching  the  bladder  it  enters  the  parametric  connective 
tissue,  in  which  it  curves  downwards,  forwards,  and  inwards  about  three-quarters  of 
an  inch  external  to  the  lateral  aspect  of  the  cervix  uteri. 

The  uterine  artery  in  tlie  first  part  of  its  course  runs  downwards  and  forwards 
a  little  external  to  the  ureter ;  at  the  level  of  the  internal  os  it  curves  inwards  in 
front  of  the  ureter  and  then  divides  into  uterine  and  vaginal  branches. 

In  the  operation  oi  hysterectomy  care  must  be  taken  not  to  injure  the  ureter;  it 
is  important,  therefore,  to  keep  in  mind  its  relation  more  especially  to  the  uterine 
artery  and  to  the  cervix  uteri. 

The  ovarian  artery  enters  the  pelvis  between  the  layers  of  that  portion  of  the 
broad  ligament  known  as  the  infundibulo-pelvic  ligament ;  it  is  here  that  the  vessel 
may  be  most  readily  ligatured  in  abdominal  hysterectomy,  and  in  ovariotomy. 
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internal,  403,  1220 
wall,  fasciae  of,  397,  398 

muscles  of,  397,  398,  405 
Abducent  nerve.  See  Nerve 
Abduction,  251 

Abductor  brevis  poUicis  muscle,  328,  334,  336 
hallucis  muscle,  361,  364,  1219 
longus  poUicis  muscle,  333 
minimi  digiti  muscle  of  foot,  362,  364 
minimi  digiti  muscle  of  liand,  329,  334 
obliquus  pollicis  muscle,  329,  334,  336 

Aberrant  arteries,  793,  896,  902 

Abnormalities  of  arteries,  896 
of  heart,  896 
of  lymphatics,  905 
of  veins,  903 

Accessorius  muscle  of  back,  368 
of  foot,  360,  364 

Accessory  processes  of  vertebra;,  80,  81 

Acetabular  artery,  808,  816 

Acetabulum,  207,  212,  213 

Achromatic  spindle,  10,  13 
substance,  8 

Acini,  958 

Acino-tubular  glands,  957 
Acinous  glands,  957 
Acromial  angle,  182 
artery,  784 

nerves,  575,  576,  577,  580 
Acromio-clavicular  joint,  266,  267,  313,  1199 
Acromio-thoracic  artery,  783 


Acromion  process,  180,  182,  183,  1199 
Acustic  area,  452,  481,  487 
Adduction,  251 

Adductor  brevis  muscle,  345,  352,  353,  373 

longus  muscle,  345,  352,  353,  373,  1213 

magnus  muscle,  346,  352,  353,  373,  1215 

minimus  muscle,  346 

obliquus  hallucis  muscle,  362,  364 
pollicis  muscle,  329,  334 

transversus  hallucis  muscle,  363,  364 
pollicis  muscle,  329,  334,  336 

tubercle  of  femur,  220,  223,  1215 
Aditus  ad  antrum,  116,  704,  1168 

laryngis,  914 
Affenspalte,  522,  523 
Agger  nasi,  129,  678 
Agitator  caudffi  muscle,  348 
Agminated  glands,  1012,  1013 
Air-cells,  ethmoidal,  125,  126,  146,  147,  168, 
169,  678,  679,  1172 

of  lung,  940,  942 

mastoid,  118,  708 
Air-sinuses,  69 

frontal,  102,  170 

maxillary.    Sec  Antrum  of  Higlimore 

sphenoidal,  118,  123,  169,  172 
Akrocephalic  skulls,  174 
Ala  cinerea,  452 

nasi,  675 

of  sacrum,  83 

of  vomer,  136,  168 
Alffi  of  cerebellum,  469 

of  sphenoid  bone,  120 

of  thyroid  cartilage,  908 
Alar  lamina.    See  Neural  tul)e 

ligaments  of  knee,  293 

odontoid  ligaments,  259 

process  of  ethmoid,  124 

spine  of  sphenoid,  120,  151,  152,  157,  162 

sulcus,  675 
Alcock's  canal,  809 
Alecithal  ovum,  11 
Alimentary  canal,  943 

development  of,  31,  1054 
Alisphenoids,  123,  176 
Allantoic  arteries,  50 

diverticulum,  48,  49,  63 

stalk,  49 

veins,  59,  884 
Allantois,  49 
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Alveolar  arch,  157,  175 
glands,  957 
index,  175 

periosteum,  966,  975,  977 
point,  173 

process,  127,  129,  148,  172 
Alveoli  of  glands,  958 

of  jaws,  129,  140,  966,  977,  978 
of  lung,  940,  942 
Alveolo-dental  jjeriosteuni,  966,  975 
Alveolo-glossal  sulcus,  1176 
Alveus,  531,  535 
Anieloljlasts,  976 
Aniitosis,  9 
Amnion,  46,  48,  56 
false,  48 
fold,  47,  63 
true,  48 
Amniotic  area,  23,  46,  47,  48 
cavity,  46 
fluid,  46 
Aniphiarthrosis,  248,  249 
Ampulla  of  lachrymal  duct,  697 
of  Fallopian  tube,  1126 
of  lactiferous  duct,  1147 
of  rectum,  1039,  1040 
of  semicircular  canal,  715,  716,  719 
of  vas  deferens,  1108,  1110 
of  Vater,  1070 
Amygdala,  985 

of  cerebellum,  469 
Amygdaloid  nucleus,  535,  537,  541 

tubercle,  534 
Anal  canal,  1041,  1231 

columns  of,  1043,  1044 
development  of,  44 
haemorrlioidal  zone  of,  1044 
orifice  of,  1024,  1042,  1044 
relations  of,  1042 
sinuses  of,  1044 
valves  of,  1043,  1044 
vessels  of,  1045 
white  line  of,  1044 
veins,  1046 
Analogy,  2 
Anaphase  9,  10,  13 
Anai)ophysis,  91 

Anastomoses,  arterial  segmental,  888 
Anastomosis,  crucial,  811,  817 
Anastomotic  artery.    See  Artery 

vein  of  Trolard,'  838 
Anatomical  neck  of  humerus,  184 
Anatomy,  1 

surgical,  1159 

systematic,  3 

topographical,  4 
Anconeus  muscle,  332,  335 
Angeiology,  3,  735 
Angle,  acromial,  182 

basal,  of  s])leen,  1150 

cephalo-auricular,  700,  701 

facial,  175 

inferior  lateral,  of  sacrum,  84 

infracostal,  1220 

of  jaw,  140,  142,  173,  1172 

pubic,  211 

of  rib,  94,  95,  96,  97 

Rolandic,  516 

sacro-vertebral,  85,  216 

of  scapula,  180 

sterna],  92 

subcostal,  99 


Angular  artery,  762 
gyrus,  521,  523,  1162 
process,  100,  102,  144,  1160,  1172 
vein,  834 

Ankle,  surface  and  surgical  anatomy  of,  1217 
Ankle-joint,  296 

movements  of,  297,  364 

nerves  of,  609,  611 

surgical  anatomy  of,  1217 

synovial  meniltrane  of,  297,  1218 
Annectant  gyri,  517,  522,  523,  524 
Annular  ligament  of  ankle,  354 
of  stapes,  707,  713 
of  wrist,  322,  1205 
Annulus  filn-osus,  254 

Ludovici,  1184,  1197 

ovalis,  742 

tymiianicus,  704 
Ansa  hypoglossi,  579,  580,  656 

lenticularis,  504 

])eduncularis,  504 

Vieussenii,  666 
Ante-cul)ital  lymphatic  glands,  867 
Anticlinal  vertebra,  86 
Antihelix,  700 

develojjment  of,  35,  42 

fossa  of,  700 
Antithesis  in  muscular  action,  378 
Antitragicus  muscle,  702 
Antitragus,  700 

development  of,  35,  42 
Antrum  of  Highmore,  127,  129,  130,  131,  146, 
148,  168,  169,  171,  172,  679,  971,  1175 
i      mastoid,  116,  118,  151,  705,  708,  1169,  1170 
I      ma.xillarv.    See  Antrum  of  Highmore 

l)yIoric,  iOOl,  1002,  1005 
Auo-coccygeal  body,  1037,  1042 
Ano-cutaneous  line,  1044 
Anus,  943,  1042,  1044,  1231 

development  of,  43 

inijierforate,  1046 

sphincters  of,  1042,  1045 
Aorta,  752,  892,  896 

abdominal,  753,  794,  1229 

liranches  of,  755,  794,  797,  799 

abnormalities  of,  897 

arch  of,  752,  883,  897,  1192,  1197 
branches  of,  753,  755,  897 

ascending,  752,  880,  755,  1192 

bifurcation  of,  752,  897,  1197,  1229 

descending,  753,  792,  883,  888,  890,  897 
branches  of,  753,  792 

development  of,  878 

great  sinus  of,  752 

primitive,  59,  60,  875,  876,  883,  888,  892 
relations  of,  752,  753,  990 
sinuses  of  Valsalva  of,  752 
thoracic,  752 

descending,  753,  792,  1197 
ventral,  876 
Aortic  arches,  caudal,  59,  876,  878,  883,  892 

cephalic,  59,  876,  877,  878,  882,  892,  897 

segmental  branches  of,  882 
area,  1192 
bulb,  879,  896 

septum  of,  880,  897 
cusps,  745 

opening  of  diaphragm,  396 
orifice  of  heart,  744,  746,  1192 
plexus,  668,  669,  672 
valve,  746 
vestibule,  746 
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Aortico-renal  ganglion,  668,  671 
Apertura  externa  aquiediictus  coclile;e,  115 
aqiiffiductus  vestibuli,  115 

pelvis  inferior,  215 
superior,  215 

pyril'ormis,  144,  147,  175 

superior  canalis  tynijianici,  115 

tymjianica  canaliculi  chord.e,  705 
Aperture,  nasal  anterior,  144,  147,  175 
Ajiical  bronelms,  939 
Aponeurosis,  306.    See  also  Fascia 

epicranial,  373,  375 

intercostal,  393 

of  palate,  949 

jiharyngeal,  987 

vertebral,  307,  365,  366 
Apparatiis  lacrinialis,  697 
Appendages  of  skin,  730 
Ajjpendices  auricular,  741,  743,  879,  1190 

epiploic.ie,  1024,  1025 
Appendicular  artery,  802,  1030 

lymphatic  gland,  872 

muscles,  306 

skeleton,  67,  68 

morphology  of,  245 

vein,  858 

Appendix,  vermiform,  1028.    See  also  Vermi- 
form appendix 

Aqueduct  of  cochlea,  115,  717 

of  Fallopius,  115,  161,  165,  707,  717 
of  Sylvius,  441,  442,  490,  492,  500,  509 
of  vestibule,  115,  715 

Aqueous  humour,  683,  695 

Arachnoidal  villi,  840 

Arachnoidea,  559.   See  also  Space,  subarachnoid 

Pacchionian  bodies  of,  561 
Arbor  vitas  cerebelli,  471 

iiteri,  1129,  1133 
Arch,  alveolar,  sujierior,  157,  175 
aortic,  752,  883,  897,  1192,  1197 
branches  of,  753,  755 
caudal,  59 

primary,  876,  883 
secondary,  878,  892 
cephalic,  59,  876,  877,  878,  882,  892,  897 
carpal  anterior,  791 

dorsal,  788,  791,  902 
crural,  deep,  340 
superficial,  340 
dental,  155,  175,  971 
hyoid,  34,  35,  41,  413 
mandibular,  33,  34,  37,  41 
neural,  73,  74,  75,  76,  81,  85,  90 
palmar,  deep,  792,  893,  902,  1208 
superficial,  791,  893,  902,  1208 
plantar,  821,  893,  1219 
pubic,  215 

teniporo-maxillary,  133 
thyro-hyoid,  34,  35,  413 
venous,  dorsal,  of  foot,  855,  896 
of  hand,  845,  895 

transverse,  of  foot,  855 
zygomatic,  150,  151,  155,  157,  1160,  1172 
Arches,  aortic,  877,  882,  892,  897 

dorsal  roots  of,  878 

segmental  branches  of,  882 

ventral  roots  of,  878 
arterial,  of  wiist  and  hand,  791 
axillary,  310,  629 
of  foot,  304 
tarsal,  697 

yisceral,  34,  35,  36,  64,  176,  177,  413,  659,  661 


Arcuate  eminence,  115,  165 

fibres,  deep,  457,  461,  472,  488 

superficial,  450,  472,  488,  459,  460 

ligaments,  395 

nucleus,  453,  460,  488,  503 
Arcus  parieto-occipitalis,  517 

senilis,  684 

superciliaris,  101,  144 
Area  of  absolute  cardiac  dulness,  1188 

of  Broca,  528 

cochlea?,  716,  717 

cribrosa  of  kidney,  1085 

vestibularis,  717 
Areola  mamnife,  1146  • 
Areolar  glands,  1 146 
Arlt,  sinus  of,  698 
Arm,  development  of,  45 

external  bicij^ital  furrow  of,  1202 

fascise  of,  31 7 

intermusculai'  septa  of,  318 
internal  bicijntal  furrow  of,  1202 
internal  supracondyloid  triangle  of,  1202 
lymjihatics  of,  866 
muscles  of,  318 

surface  and  surgical  anatomy  of,  1202 

See  also  Lind),  upper 
Arnold,  nerve  of,  650 
Ai'rectores  pilorum,  733 
Arterial  arches  of  wrist  and  hand,  791 
Arterioles,  capillary,  735 
Artery  or  Arteries,  735,  750 

aberrant,  793,  896,  902 

abnormalities  of,  896 

acetabular,  808,  816 

acromial,  784 

acromio-tlioracic,  783 

allantoic,  50 

anastomotic,  of  brachial,  786 

of  femoral,  817 

of  verteliral,  774 
angular,  762 
of  appendix,  802,  1030 
articular,  azygos,  of  popliteal,  819 

of  deejJ  palmar  arch,  792 

of  dorsal  carpal  arch,  791 

of  external  plantar,  821,  822 

external,  of  i^oiditeal,  818,  1215 

of  internal  circumflex,  816 

internal,  of  popliteal,  818  ■ 
auditory,  724 

internal,  775 
auricular,  deep,  766 

of  occijiital,  763 

posterior,  763,  882,  1165 
axillary,  776,  782,  883,  901,  1199,  1200 
basilar,  775,  883,  891,  900 
bicipital,  785 

brachial,  776,   785,   794,   883,   901,  1 
1204 

bronchial,  794,  892,  898,  938 
buccal,  762,  767 
of  bulb,  808,  1116,  1230 
buDji  vestibuli,  1139 
cajcal,  1030 

calcaneal,  internal,  821 
calcariue,  776 
capsular,  797,  795 

of  liver,  1070 
carotid,  common,  755,  756,  883,  892, 
1180,  1182,  1192 
left,  757,  897,  900 
right,  758,  897,  898,  900 
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Artery  or  Arteries — non  fin  ued 

carotid,  external,  756,  758,  882,  892,  897, 
900,  1182 
internal,  756,  768,  882,  892,  897,  900 
sheath  of,  757 
carpal,  radial  anterior,  787 
posterior,  788 
iilnar  anterior,  790 
jiosterior,  790 
cavernoTis,  770 

central,  of  middle  cerebral,  772 

of  ])osterior  cerebral,  775 

of  retina,  692,  699,  770 
cerebellar,  anterior  inferior,  775 

jjosterior  inferior,  775 

superior,  775 
cerebral,  anterior,  772,  900 

middle,  772 

posterior,  775 

surgical  anatomy  of,  1165 
cervical  ascending,  778,  891 

deep,  781,  891 

superficial,  779 

transverse,  778 
choroidal,  anterior,  562,  563,  772,  775 
ciliary,  686,  683,  688 

anterior,  771 

long,  770 

l)OSterior,  770 

short,  770 
circumflex,  external,  816,  1213 

anterior,  785 

iliac,  deep,  813,  1221 
superficial,  814 

internal,  816 

posterior,  784,  1202 
clavicular,  784 
coccygeal,  810 
cocliac,  799 
colic,  left,  803,  1025 

middle,  802,  1025 

right,  802,  1025 
comes  nervi  ischiatici,  811,  902 
mediani,  790 
phrenici,  780 
communicating,  anterior,  772 
of  anterior  interosseous,  790 

of  deep  palmar  arch,  792 

peroneal,  820 

jjosterior,  771,  900 

tibial,  820 
coronary,  748,  755,  897 

of  facial,  762,  1175 

of  stomach,  799,  892,  899,  1009 
of  corpus  cavernosum,  809 
cremasteric,  798,  812 
crico-thyroid,  760 
cystic,  801 
dental  inferior,  766 

posterior  superior,  767 
development  of,  882 
of  diaphragm,  780,  793,  794,  898 
digital,  of  foot,  821,  822,  824,  825 

of  hand,  788,  791,  893,  1209 
digitales  volares  communes,  791 

propriiE,  791 
dorsalis  clitoridis,  809,  1139 

hallucis,  824 
indicis,  788,  902 
lingufe,  760,  956 
pedis,  823,  1219 
penis,  809 


Artery  or  Arteries — continued 
dorsalis  pollicis,  788 
elastic  lamina  of,  736 
endothelium  of,  735 

epigastric,  deep,  811,  883,  890,  1047,  1220, 
1234 

sui^erficial,  814 

sujjerior,  781 
ethmoidal,  771 

facial,  761,  1172,  1177,  1180,  1181 

transverse,  764 
femoral,  814,  884,  893,  903,  1213 
fibular,  superior,  823 
frontal,  of  ophthalmic,  771,  1160 

of  superficial  temporal,  765 
Gasserian,  766,  770 
gastric,  799-,  892,  1009 

short,  800 
gastro-duodenal,  800 
gastro-epiploic,  800,  1009 
gluteal,  805,  902,  1210 

inferior,  810 
luemorrhoidal,  inferior,  809,  1045 

middle,  807,  1045 

superior,  803,  1045 
of  liead  and  neck,  756,  899 
helicine,  1116 

hepatic,  800,  892,  899,  1070 

of  inferior  phrenic,  795 
humeral,  784 
liyaloid,  693,  699 
hypogastric,  803,  892,  806 

obliterated,  803,  806,  1047 
ileal,  802 

ileo-ciecal,  802,  1030 
ileo-colic,  802 

iliac,  common,  796,  892,- 902,  1197,  1229 
external,  811,  884,  893,  897,  903,  1229 
internal,  803,  892,  902 
branches  of,  805,  806,  807 

ilio-lumbar,  805,  902 

infra-hyoid,  759 

infra-orbital,  767 

infiva-scapular,  784 

innominate,  755,  756,  883,  892,  898,  899, 

1180,  1192 
intercostal,  792,  883,  890,  898 

anterior,  781 

superior,  890,  781,  891 
interosseous,  of  dorsal  carpal  arch,  791 
dorsal,  of  foot,  824 
of  hand,  788,  792 

anterior,  789,  884,  893,  902 

common,  789,  884 

posterior,  790,  884,  893,  902 
intersegmental,  888 
intestinal,  802,  1023 
labial  inferior,  761 

jiosterior,  809 
lachrymal,  771 
lar\mgeal,  inferior,  778 

superior,  759,  1180 
lingual,  760,  882,  956,  1176,  1180,  1181,  1182 

of  inferior  dental,  767 
of  lower  limb,  811,  884,  893 
lumbar,  795,  805,  883,  890,  898 
macidar,  692 
malleolar,  external,  823 

internal,  820,  823 
mammary,  external,  784 

internal,  780,  883,  890,  901,  1186 

lateral,  901 
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Artery  or  Arteries — continued 
mandibular,  413 
masseteric,  767 
mastoid,  of  occipital,  763 

of  posterior  auricular,  763 
maxillary,  external,  761 

internal,  765,  882,  900,  1172 
median,  790,  893,  902 
mediastinal,  794,  780 
medullary.    See  Arteries,  nutrient 
meningeal,  anterior,  770 

of  internal  carotid,  770 

middle,  766,  1161 

of  occipital,  762 

posterior,  764 

small,  766 

surgic'al  anatomy  of,  1164 
of  vertebral,  774 
mental,  767 

mesenteric  inferior,  802,  8!)2,  890,  1229 
superior,  801,  892,  899,  1074,  1229 

metacarpal,  788 

metatarsal,  824 

muscle  fibres  of,  736 

musculo-phrenic,  781 

niylo-liyoid,  767 

nasal,  dorsal,  771 
lateral,  762 

naso-palatine,  768 

nerves  of,  738 

of  nose,  675,  681,  834 

nutrient,  of  bones,  72,  786,  790,  806,  807,  817, 
820 

obturator,  807,  902 
occipital,  762,  882 

of  posterior  auricular,  763 
(Esophageal,  778,  794,  795,  892 
ophthalmic,  770,  900 
orbital,  of  middle  meningeal,  766 

of  superficial  temporal,  765 
ovarian,  798,  899,  1125,  1133,  1234 
palatine,  949,  950,  984,  987,  1177 

ascend.ing,  761,  950 

of  ascending  pharyngeal,  764 

descending,  767 

posterior,  950,  1177 
palpebral,  of  ophthalmic,  771 
pancreatic,  800 

of  hejDatic,  1078 

of  splenic,  1078 

of  superior  mesenteric,  1078 
pancreatica  magna,  800,  1078 
pancreatico-duodenal,  inferior,  802,  1078 

superior,  800,  1074,  1078 
parietal,  of  superficial  temporal,  765 
parieto-occipital,  776 
parotid,  of  posterior  auricular,  763 
pectoral,  of  acromio-thor'acic,  784 
of  penis,  809,  1116 
perforating,  of  foot,  821,  822,  824 

of  hand,  788,  792 

of  internal  mammary,  781 

of  peroneal,  820 
■    of  profunda  femoris,  817 
pericardia],  781,  794,  875 
perineal,  superficial,  809,  1113 

transverse,  809 
perirenal,  798 

peroneal,  820,  884,  893,  903,  1217 

anterior,  820 

posterior,  820 
pharyngeal,  ascending,  763,  882,  987 


Artery  or  Arteries — continued 
phrenic,  inferior,  794,  898 

superior,  780 
pituitary,  770 

plantar,  external,  820,  821,  903,  1219 

internal,  820,  903,  1219 
poi^liteal,  818,  884,  893,  903,  1212 
prevertebral,  of  ascending  pharyngeal,  764 
princeps  cervicis,  763 

hallucis,  825 

poUicis,  789,  902 
jjrofunda  clitoridis,  1139 

brachii  inferior,  786 
superior,  786 

femoris,  816,  903 

penis,  1116 

of  posterior  ulnar  carpal,  791 
pterygoid,  767 
pterygo-palatine,  767 
pubic,  of  deep  epigastric,  812 

of  obturator,  807 
pudic,  accessory,  903 

deep  external,  815 

external,  1113 

internal,  808,  1210,  1230 

superficial  external,  815 
pulmonary,  750,  880,  883,  892,  896,  938,  939, 

941,  1192 
pyloric,  800,  892,  1009 
radial,  786,  884,  893,  901,  902,  1208 
radialis  indicis,  789,  902,  1208 
ranine,  760 

recurrent,  of  deep  palmar  arch,  792 

interosseous,  posterior,  790 

radial,  787,  902 

ulnar,  789 
renal,  797,  892,  899,  1087,  1229 
of  round  ligament,  798 
sacral,  lateral,  805,  892 

middle,  796,  891,  898,  1045 
saphenous,  818 

small,  903 
of  scalp,  1159 
scapular  posterior,  779 

dorsal,  784 

transverse,  780 
sciatic,  810,  884,  893,  902 
scrotal,  809 

segmental,  882,  883,  887,  888 

anastomoses  of,  888 

somatic,  888,  889 

splanchnic,  889,  892 
septal,  of  nose,  762 
sheath  of,  736 
sigmoid,  803,  1025 
spermatic,  798,  892,  899,  1106 

external,  812 
splieno-palatine,  768 
spinal,  773,  774,  793,  805,  883 
splenic,  799,  892,  899,  1151,  1152 
stapedial,  713 

sternomastoid,  of  occipital,  762 

of  superior  tliyroid,  760 
striate,  external,  772 

internal,  772 
structure  of,  735,  736 
stylo-mastoid,  763 

subclavian,   756,  776,  883,  890,  892,  897, 
901 

branches  of,  778 
left,  776,  777,  883 
riglit,  776,  777,  883 
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subclavian,  i^urgical  anatomy  of,  1183,  11 

1196 
siil)Costal,  793 
sublingual,  760 
submaxillary,  761 
submental,  761 
subscapular,  780,  784 
superficial  petrosal,  766 

volar,  787 
suprahyoid,  760 
supraorl)ital,  771,  1160 
suprarenal,  797,  798,  892 
suprasuaiJular,  780 
supras])inous,  780 
sural,  818,  819,  903 
systemic,  752 
tarsal,  lateral,  824 
temporal,  deep,  767 

middle,  764 

of  i^osterior  cerebral,  776 

of  retina,  692 

superficial,  764,  882,  1160 
testicular,  798 
thoracic,  alar,  784 

long,  784 

sujierior,  783 
thyroid,  inferior,  778,  1155,  1183 

superior,  759,  892,  1155,  1180,  1182 
tliyroidea  ima,  756,  892,  897,  1155 
tiljial,  anterior,  822,  884,  893,  903,  1216 

posterior,  819,  884,  893,  903,  1217 

recurrent,  823 
of  tongue,  956 
of  tonsil,  761,  956,  986 
tracheal,  778 
transverse  of  basilar,  775 
tubal,  798 

tunica  externa  of,  736 

intima  of,  736 

media  of,  736 
tym])anic,  764,  766,  769 
ulnar,  789,  884,  893,  901,  902,  1208 
umbilical,  50,  803,  806,  1047 
of  upper  limb,  776,  883,  893,  901 
ureteral,  798 

uterine,  798,  799,  807,  1133,  1234 
vaginal,  807,  1136 

of  liver,  1070 
of  vas,  807,  nil 
ven.-B  comites  of,  896,  904,  905 
vertebral,  773,  778,  883,  890,  891,  897,  £ 
1184 

vesical,  inferior,  806,  1102,  1111 
middle,  806 
of  obturatoi',  807 
superior,  806,  892,  1102,  1111 
vesico-vaginal,  1136 
vessels  of,  737 
Vidian,  767,  770 
visceral,  intermediate,  889,  891 
zygomatico-orbital,  765 
Arthrodia,  249,  252,  277 
Arthrology,  3,  247 
Articular  arteries.    tS'««  Artery 
disc,  252,  253,  260,  266,  267,  274 
eminence,  110,  151 

process,  73,  74,  75,  76,  77,  78,  79,  81,  82, 
91 

Articulations.    Hec,  Joints 
Aryteno-e])iglottideau  folds,  36,  914 
muscle,  918,  920,  921 


Arytenoid  cartilage,  910,  921,  941 
ossification  of,  911 
processus  niuscularis  of,  910 

vocalis  of,  910,  921 
sesamoid  of,  910 
muscle,  918,  920,  921 
Ary-vocalis  muscle,  920,  921 
Ascending  degeneration,  431 
Association  centres,  552 
fibres,  cerebellar,  472 

of  cerel)ral  hemispheres,  547 
of  cord,  433,  434,  435 
of  medulla,  461 
Asterion,  149,  154,  174 
Astragalo-calcaneal  ligaments,  298 
t  Astragalo-scai)]ioid  ligament,  299 
joint,  299,  1219 
memlirane,  299 
Astragalus,  232,  241,  1217 
articular  surfaces  of,  296,  299 
homology  of,  245 
ossification  of,  242 
Asymmetry,  4 

Atlas,  75,  76,  89,  91,  162,  1182 

transverse  ligament  of,  257,  259 
Atlo-axial  joint,  257 

movements  at,  259,  372 
Atresia  ani,  1046 
Atrium  meatus  nasi,  129,  678 

of  pi'imitive  heart,  879 

of  tympanic  cavity,  704 
Attic,  tympanic,  1167 
AttoUens  aurem  muscle,  376,  378 
Attraction  cone,  15 

sphere,  9,  10,  15 
Attrahens  aurem  muscle,  376,  378 
Auditory  area,  551 

artery,  724,  775 

meatus,  external,  113,  116,  118,  151,  700, 
702 

blood-vessels  of,  704 

ceruniinous  glands  of,  704,  733 

development  of,  42 

fissures  of  Santorini  of,  703 

foramen  of  Huschke  of,  704 

isthmus  of,  703 

lymphatics  of,  704 

nerves  of,  704 

structure  of,  703 

surgical  anatomy  of,  1165 
internal,  115,  166,'  168,  717 
nerve.    See  Nerve 
ossicles,  710 
pit,  63,  724 

radiation,  542,  549,  551 

teeth  of  Huschke,  721 

vesicle,  661 
Auerbacli,  plexus  of,  1010,  1023 
j  Auricles  of  heart.    See  Heart 
Auricula,  700 

Auricular  artery.    See  Artery 
canal,  879 
fissure,  112 
index,  701 
nerves.    See  Nerves 
sejitum,  880 

surface  of  ilium,  83,  210 

vein,  posterior,  834 
Auricularis  anterior  muscle,  376 

posterior  muscle,  376 

superior  muscle,  376 
Aui  iculo-temporal  nerve,  642 
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Auriculo-veiitricular  apertures,  738,  742,  743, 
744 

groove,  738,  740,  1190 
Auscultation,  triangle  of,  307,  309 
Axial  line,  dorsal,  of  linihs,  572,  630 
ventral,  of  limbs,  618,  630 

muscles,  306,  365 

process,  21 

skeleton,  67,  68,  177 
Axilla,  1200 

folds  of,  1200 

lymphatic  glands  of,  1201 

surgical  anatomy  of,  1200 
Axillary  arches,  310,  629 

artery,  776,  782,  883,  901,  1199,  1200 

border  of  scapula,  180 

fascia,  309 

lines,  1184 

lymphatic  glands,  867 
region,  1184 
sheath,  783 

vein,  843,  844,  888,  895,  1 199 
Axis,  77,  89,  1184 
basicranial,  166 
cocliac,  799,  892,  899,  1229 
cylinder.    See  Axon 
lentis,  694 

ligament  of  malleus,  712 

optical,  682 

of  pelvis,  215 

thyroid,  778,  891,  901 
Axon,  21,  416,  417,  419,  429,  430,  436,  474,  475, 

543,  544,  662,  664 
Azygos  lobe  of  lung,  938 

uvuliie  muscle,  390,  391 

veins.    See  Veins 

Bacillary  layer  of  retina,  690,  691 
Back,  fascia3  of,  307,  365 

muscles  of,  307,  366,  371 

regions  of,  1193 

spinal  furrow  of,  1193 

surgical  anatomy  of,  1193 
Baillarger,  bands  of,  543,  545 
Balbiani,  Ijody  of,  11 
Ball-and-socket  joint,  249,  251 
Band  of  Baillarger,  543,  545 

of  Bechterew,  545 

ilio-tibial,  338,  340,  348,  1215 

of  Meckel,  712 

of  Vicq  d'Azyr,  503,  507,  531,  543 
Bar,  hyoid,  35,  143 

thyro-hyoid,  143 
Barbula  hirci,  702 
Bartholin,  duct  of,  963 

glands  of,  1122,  1139,  1146,  1233 
Basal  cells  of  olfactory  mucous  membrane,  681 

centre  of  inferior  maxilla,  142 

ganglia,  537 

lamina.    See  Neiiral  tube 

layer  of  decidua,  55 

ridge  of  tooth,  967 
Base  of  cranium,  155,  162 

of  lower  jaw,  140 
Base-line  of  Reid,  1164 
Basement  membrane,  958 
Basicranial  axis,  166 
Basihyal,  143 

Basilar  artery,  775,  883,  891,  900 
groove,  108 

membrane.    See  Memlii'ana  basilaris 
process,  106,  155,  176 


Basilar  siiiu.^,  841 
vein,  838 

Basilic  vein,  847,  888,  895,  904,  1202,  1203 
Basi-occipital,  109,  159 
Basion,  161,  166,  167,  173 
Basiotic,  109 

Basi-pharyngeal  canal,  158 
Basi-si)henoid,  123 

Basis-bimdle,  anterior,  434,  435,  438,  448,  455, 
457 

lateral,  433,  434,  438,  448,  461 
Basis  cochlere,  716 

of  hyoid,  143 

modioli,  716 

pedunculi  cerebri,  491 

stajsedis,  712 
Basket-cells,  475 
Bechterew,  band  of,  545 

nucleus  of,  481 
Beraud,  valve  of,  698 
Bertin,  bones  of,  124 

columns  of,  1086 
Biceps   brachii  muscle,  319,  320,  321,  335, 
1204 

flexor  cruris  muscle,  350,  352,  353,  1210,  1211, 
1215 

Bicipital  artery,  785 

fascia,  319,  1204 

furrow,  1202 

groove,  185,  1200 

tuberosity,  194 
Bicuspid  arterv,  767 

teeth,  965,  968 
Bigelow,  Y-ligament  of,  286 
Bile  canaliculi,  1068,  1072 
Bile  duct,  945,  1058 

common,  1017,  1019,  1069,  1073,  1197, 
.  1225 

interlobular,  1068,  1072,  1073 
papilla,  1019,  1070 
Biventer  cervicis  muscle,  370 
Biventral  lobule,  469 

Bladder,  gall,  1058,  1068,  1073,  1220,  1225 
urinary,  1079,  1090 

capacity  of,  1096 

develoj^ment  of,  1141,  1143 

distended,  1095 

empty,  1093 

in  female,  1096 

fixation  of,  1100 

in  infant,  1097 

interior  of,  1098,  1233 

ligaments  of,  false,  1050,  1099,  1100 
true,  1101 

mucous  coat  of,  1102 

muscular  coat  of,  1101 

neck  of,  1092 

nerves  of,  1102 

peritoneal  relations  of,  1099 

serous  coat  of,  1101 

sphincter  of,  1102 

structure  of,  1101 

submucous  coat  of,  1102 

trigonum  of,  1098,  1143 
external,  1233 

urachus  of,  1092,  1100,  1143 

ureteral  orifices  of,  1099,  1234 

urethral  orifice  of,  1092,  1093 

vessels  of,  1102 
Blastoderm,  17,  21 
areas  of,  21,  48 
lay(us  of,  16,  17 
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Blastodermic  vesicle,  17,  25,  26,  48 

Blastoniere,  8,  17 

Blastopore,  19 

Blastula,  17,  62 

Blind  spot,  689 

Blood  capillaries,  735 

corpuscles,  nucleated,  58 

development  of,  58 

foetal,  62 

islands,  58 
Blood-vascular  system,  735 
abnormalities  of,  890 
development  of,  875 
morphology  of,  888 
Blood-vessels.    See  Arteries,  Veins 

development  of,  58 
Body  of  Balbiani,  11 

cavity,  24,  1055 

pituitarv,  40 

polar,  13,  14 

stalk,  31,  48,  63 

Wolffian,  30,  1141 
Bone  or  Bones,  67 

of  Bertin,  124 

bregmatic,  103 

cancellous  tissue  of,  6!),  70 

carpal,  197 

cartilage,  70,  177 

compact  tissue  of,  69,  70 

composition  of,  68 

diapliysis  of,  69 

epactal,  127 

epij)liyses  of,  69,  70,  71,  72 

epipteric,  116,  127 

of  face,  100,  127 

flat,  68,  69 

of  foot,  232,  241 

growth  of,  70,  72 

of  hand,  197 

Haversian  systems  of,  69 
of  head,  99 
hip,  207 
irregular,  68 
long,  68,  69,  70 
of  lower  limb,  207 
marrow  of,  69 
membrane,  70,  177 
metacarpal,  203 
metatarsal,  242 
of  middle  ear,  710 
nerves  of,  72 
number  of,  68 
ossification  of,  70 
j)eriosteum  of,  69 
primordial,  177 
secondary,  177 

sesamoid,  207,  246,  280,  303,  32!),  343 

short,  68 

of  skull,  99 

of  spine,  72 

strength  of,  6i) 

structiire  of,  69 

sutural,  127 

tarsal,  232 

thigh,  217 

of  thorax,  91,  98 

of  upper  limb,  178 

vascular  supjily  of,  71,  72 

AVormian,  103,  127,  154 
Bowman,  elastic  lamina  of,  684 

glands  of,  680 
Brachia  conjunctiva,  451,  466,  494 
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Brachial  artery,  776,  785,  794,  883,  901,  1202 
1204 

plexus,  567 
Brachialis  aiiticus  muscle,  320,  321 
Brachio-ce])lialic  vein,  828 
Brachio-radialis  muscle,  331,  335,  1207 
Brachium,  (piadrigeminal,  inferior,  490 

superior,  491,  493 
Brachycephaly,  155,  173 
Bracliyfacial  skulls,  174 
Brachyuranic  skulls,  175 
Brain,  414,  438 

development  of,  441 

flexures  of,  443 

fore,  441,  442,  552,  501 

liind,  441,  445 

lymphatics  oi',  864 

meninges  of,  556 

mid,  441,  442,  490.    See  also  Mid-brain 

motor  nuclei  of,  445 

nerve-cells  of,  416 

nerve-fibres  of,  414 

neuroglia  of,  419 

veins  of,  837 

weight  of,  556 
Branchial  arches,  34,  35,  36,  64,  176,  177,  413 

659,  661 
Breast,  1146 

bone,  91 
Bregma,  155,  167,  173,  1160 
Bregmatic  bone,  103 

fontanelle,  177 
Brim  of  pelvis,  215 

Broad  ligament  of  uterus,  1050,  1130,  1234 
Broca,  area  of,  528 

convolution  of,  519,  1161 
Bronchi,  925,  939,  1190,  1197 

apical,  939 

cardiac,  940 

cartilaginous  rings  of,  925 

development  of,  941 

ejjarterial,  926,  939 

fibro-cartilaginous  coat  of,  940 

hyparterial,  926,  939 

mucous  glands  of,  940 
membrane  of,  940 

muscular  coat  of,  940 

relations  of,  926 

in  root  of  lung,  938,  939 

structure  of,  926,  940 
Bronchial  arteries,  794,  892,  898,  938 

lymphatic  glands,  875 

tubes  in  lung,  939 

veins,  828,  895,  938 
Bronchioles,  940 
Bruch,  membrane  of,  685,  6S6 
Brunner,  glands  of,  1011,  1019 
Buccal  artery,  762,  767 

glands,  947 

lymphatic  glands,  865 

nerve,  642,  646 

vein,  835 

Buccinator  muscle,  377,  378,  381,  383,  391 
Bucco-i^harjngeal  area,  22,  31 
fascia,  987 

membrane,  32,  33,  37 
Buds,  taste,  725 
Bull),  aortic,  879,  896 
septum  of,  880 

of  brain.    See  Medulla  olilongata 

(jf  corpus  sj^ongiosum,  1230 

of  jugular  vein,  831 
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Biilli  of  lateral  ventricle,  534 

olfactory,  545,  546,  547 

of  uretlira,  1115 

of  vagina,  1233 

of  vestibule,  1122,  1139 
Bulbo-cavernosus  muscle,  407,  408 
Bulbils  arteriosus,  877,  879 

oculi,  681 

pili,  732 
Bulla  etliinoidalis,  679 
Burdacli,  column  of    See  Spinal  cord 
Burns,  space  of,  834 

Bursas,  250,  266,  267,  270,  288,  290,  293,  306, 
307,  312,  315,  316,  317,  319,  340,  341,  343, 
348,  349,  350,  351,  358,  359,  378,  912,  983, 
1051,  1130,  1212,  1214 

subcutaneous,  250 

subtendinous,  250 

thecal,  250 
Buttock,  fascite  of,  336 

muscles  of,  347,  352  I 

surgical  anatomy  of,  1209 

Ctecal  artery,  1030 

folds,  1030 

fossffi,  1030 
Ccecum,  943,  1023,  1025,  1226 

cupiiiai'e  of  cochlea,  719 

development  of,  1027 

dimensions  of,  1026 

fcetal,  1028 

ileo-C£ecal  orifice  of,  1025,  1026,  1027 
infantile,  1028 
position  of,  1026,  1028 
relations  of,  1026 
tribes  of,  1028 

vermiform  process  of,  1023,  1026,  1027,  1028 

vessels  of,  1025,  1030 

vestibulare  cochleae,  718,  719 
Calamus  scriptoriiis,  451 
Calcaneal  artery,  821 
Calcaneo-astragaloid  joint,  298,  1218 
Calcaneo-cuboid  joint,  300,  1218 

ligaments,  300,  304 
Calcaneo-fibular  ligament,  297 
Calcaneo-scaphoid  ligaments,  299,  304,  1219 
Calcaneo-tibial  ligament,  297 
Calcaneus,  236 
Calcar  avis,  534 

femorale,  222 
Calcarine  artery,  776 

fissure,  523,  524,  525,  534 
Callosal  gyrus,  526,  527 
Calloso-marginal  fissure,  518' 
Calvaria,  99 

Calyces,  renal,  1088,  1142 
Canal  of  Alcock,  809 
alimentary,  943 

primitive,  31,  1054 
anal,  1041,  1231 

development  of,  44 
for  Arnold's  nerve,  114 
auricular,  879 
liasi-pharyngeal,  158 
carotid,  114,  116,  160,  164 
central,  of  cochlea,  717 

of  cord,  424,  428,  438,  449 

of  medulla,  461 
crural,  340 
dental,  128,  152,  153 

inferior,  139,  141 
of  epididymis,  1106,  1140,  1142,  1145 


Canal,  ethmoidal,  125,  126,  146,  164 
Eustachian,  113,  159,  160,  162 
Haversian,  69 
of  Hiiguier,  111,  706 
hyaloid,  693,  699 

infra-orbital,  127,  128,  130,  146,  172 
inguinal,  403,  1107,  1220 
for  Jacolison's  nerve,  1 14 
lachrymal,  129,  697,  699 
malar,  132 

of  nasal  duct,  146,  168,  171 
neural,  74,  85,  87 
neurenteric,  19,  63 
of  Nuck,  1131 
oljturator,  284 

palatine,  accessory,  138,  154,  158 

anterior,  130,  157,  168 

jMsterior,  129,  130,  137,  138,  154,  157 
palato-maxillary,  129 
of  Petit,  693 
portal,  1070 

pterygo-palatine,  122,  138,  154,  158 

sacral,  84 

of  Schlemm,  683 

semicircular.    See  Semicircular  canal 

sjiheno-vomerine,  136 

spinal,  74 

of  Stenson,  948 

temporal,  133,  151 

for  tensor  tym])ani,  113,  706 

urogenital,  1141 

Vidian,  122,  123,  154,  158,  160,  164 
Canaliculi,  bile,  1068,  1072 

of  bone,  69 
Canaliculus  innominatus,  121 

lachrymalis,  1174 

niastoideus,  114 

tympaniciis,  114 
Canalis  centralis  cochlea',  717 

cranio-pharyngeus,  120,  123,  159,  176 

innominatus,  159 

reuniens,  725 

spiralis  modioli  of  Eoseuthal,  716 
Canine  teeth,  965,  967,  972 

fossa,  127,  1172 
Canthi  of  eye,  695 
Capillaries,  735 

structure  of,  735 
Capillary  arterioles,  735 
lymphatics,  860 
veins,  735 
Capitollum,  187 
Capitular  process,  91 
Capsula  adiposa  of  kidney,  1229 
Capsular  arteries,  795,  797,  1070 
Capsule,  external,  538,  540,  542 
of  Glisson,  1065,  1070,  1071 
glomerulai',  1086 
internal,  541 

anterior  limli  of,  541 
auditory  radiation  fibres  of,  542,  551 
cerebellar  fibres  of,  542,  551 
fillet  fibres  of,  542,  551 
fronto-pontine  fibres  of,  541,  549 
genu  of,  541 
lenticular  part  of,  542 
posterior  limb  of,  542 
pyramidal  fibres  of,  542,  549 
retro-lenticular  part  of,  542,  550,  551 
temporo-pontine  fibres  of,  542,  549 
thalamic  fibres  of,  540,  541,  542 
thalamo-frontal  fibres  of,  541 
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0;ii)sult',  iiitunial,  llialamo-striate  fil)rcs  dl',  540, 
541 

visual  ahiva  ol',  511,  542,  550 
of  joints,  250 
of  lens,  693 
otic,  116,  176 

sujnarenal.    Sff  Supi'arenal  caj)sule 

of  Tenon,  378 
Canlia,  1000,  1005,  1195,  1197,  1225 
Cardiac  lironclius,  940 

lol)e  of  lung,  939 

nerves.    See  Nerves. 

])lexus.    See  Plexus 

portion  of  stomacli,  1000,  1002,  1004,  1005 
vein.s,  826 
Cardinal  veins,  884,  886,  893 
Carina  uretliralis,  1136 
Carotid  artery.    See  Artery, 
gland,  1158 
groove,  120,  164 
lyniplialic  glands,  1179 
l)lexus,  666 
sheath,  373,  757 
triangle,  1180,  1181,  1182 
tubercle,  1183 
Carjial  arch,  anterior,  791 
dorsal,  788,  791 
arteries.    See  Artei'V 
hones,  197,  1205 
architecture  of,  202 
ossification  of,  202 
variations  in,  202 
joints,  276 

movements  at,  281 
nerves  to,  592 
synovial  membrane  of,  278 
transverse,  277 
Carpo-metacarj)al  joints,  279 
Carpus,  197,  202 
Cartilage  bones,  70,  71,  177 
costal,  97 

cricoid,  909,  911,  941,  1180 
ensiform,  91,  92,  1198 
of  larynx,  908,  941 
of  Meckel,  35,  141 
nasal,  675 
lateral,  676 

processus  sphenoidalis  of,  676 

of  septum,  675 

sesamoid,  676 

vomerine,  676 
paiachoidal,  176 
of  pinna,  701 

of  Reichert,  143  ' 

semilunar,  292,  1214,  1215 

tarsal,  1174 

of  trachea,  925 

xiphoid,  91,  92,  1198 
Cartilagines  corniculat;e,  911 
Cartilaginous  cranium,  176 
Caruncula  laclirinialis,  695,  1174 

majoi*,  of  Santorini,  1019 

minor,  of  Santorini,  1019 

sublingualis,  947,  962 
Carunculee  hymenales,  1135,  1138 
Cauda  equina,  421,  567 

helicis,  42,  701 
Caudal  aortic  arches,  59,  876,  878,  883,  892 

fold,  26,  31,  48,  63 

nerves.    See  Nerves 
Caudate  lobe  of  liver,  1062,  1063 

nucleus,  533,  537 


Cavernous  arteries,  770 

]tl('xu.s.    See  Plexus 

sinus,  841 
Cavity,  glenoid.  111,  1172 

sigmoid,  of  radius,  196  , 
of  ulna,  190 
Cavum  concha;,  700 

dentis,  966 

Meckelii,  637 

Retzii,  410 

subarachnoidale,  560 
Cells,  8 

basal,  of  olfactory  mucous  membrane,  681 
body  of,  8 

ethmoidal,  125,  126,  146,  147,  168,  169,  1172 

germinal,  20,  21 

of  Golgi,  430,  544 

lymphoid,  861 

of  mairow,  69 

of  Martinotti,  544 

mastoid,  118,  708,  1169 

nerve.    See  Nerve-cells 

nucleus  of,  8 

olfactory,  680 

reproductive,  9,  10 

sperm-mother,  13 
Cell-mass,  inner,  17,  48 

intermediate,  25,  30 
Cementum,  964,  973,  974,  977 
(Central  arteries.    /See  Artery 

gvri.    See  Gvri 

lobe,  469,  470 

lobule  of  ceiebellum,  469 

lymphatic  of  hand,  868 

point  of  perineum,  1230 

sulcus  of  insula,  526 
Centre,  association,  552 

medullary.    See  Medullary  centre 

of  ossification,  70,  71 
Centro-lecitlial  ovum,  11 
Centro.some,  9,  10,  15 
Centrum  of  vertebra,  73 
Ce])halic  aortic  arches,  34,  35,  59,  876,  892 

flexure  of  l)rain,  443 

fold,  26,  31,  48,  63 

index,  173 

myotomes,  413 

vein,  847,  888,  895,  904,  1202,  1203 
Cephalo-auricular  angle,  700,  701 
Cerato-hyal,  143 
Cerebellar  arteries.    See  Artery 

tract.    See  Tract 

veins,  838 
Cerebello-olivary  tract,  459,  472 
Cerebellum,  467 

al;e  of,  469 

arbor  vitie  of,  471 

association  fibres  of,  472 

clivus  monticuli  of,  469 

commissural  fibres  of,  472 

corpus  den  latum  of,  471 
trapezoides  ol',  470,  471 

culnien  monticuli  of,  469 

development  of,  441,  445,  488 

fissures  of,  468 

folia  of,  470,  474 

folium  cacuminis  of,  469 

furrowed  band  of,  470 

gray  matter  of,  470,  474 

hemispheres  of,  467,  1164 

lingula  of,  451,  469 

lobes  of,  469,  470 
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Gerelxillmii,  lolmlcs  of,  46!) 
minute  structure  of,  474 
nodule  of,  469 
notches  of,  468 
nucleus  enibolifonnis  of,  471 

fastigii  of,  471 

gloliosus  of,  471 
peduncles  of,  471 

inferior,  440,  449,  453,  471,  472 

middle,  440,  450,  462,  463,  471 

superior,  441,  451,  466,  471,  472,  494,  505, 
550 

pyjuniid  of,  469 
roof-nucleus  of,  471,  472,  482 
sulci  of,  468,  469,  489 
tonsil  of,  469 

tuber  valvulaj  of,  469,  470 
uvula  of,  469,  470 
A-allecula  of,  468 
vermis  of,  467,  468,  469 
white  matter  of,  470,  474 
Cerebral  arteries.    »S'ee  Arteries 
cortex,  513,  542 

association  centres  of,  552 
fibres  of,  547 

auditory  area  of,  551 

baud  of  Baillarger  of,  543,  545 
of  Bechterew  of,  545 
of  Vicq  d'Azyr  of,  503,  507,  531,  543 

cells  of  Golgi  of,  430,  544 
of  Martiuotti  of,  544 

commissural  fibres  of,  546 

connexion  with  optic  thalamus,  504 

gray  layers  of,  543 

inter-radial  felt-woi'k  of,  545 

layer  of  polymorphic  cells  of,  543,  544 
of  pyramidal  cells  of,  543 

nerve-fibres  of,  545 

olfactory  area  of,  551 

projection  fibres  of,  546,  549,  550,  551 

sonifesthetic  area  of,  551 

stratum  zonale  of,  543,  544 

structure  of,  542 

supra-radial  felt-work  of,  545 

tangential  fibres  of,  544 

thickness  of,  543 

visual  area  of,  551 

white  layers  of,  543 
hemispheres,  511 

association  filires  of,  547 

basal  ganglia  of,  537 

Ijorders  of,  512 

claustrum  of,  540 

commissural  fibres  of,  546 

convolutions  of.    See  Gyri 

corpus  callosum  of,  528 

cortex  of,  513,  542.  See  also  Cerebral  cortex 

development  of,  442,  445,  515,  552,  554 

fimbria  of,  527 

fissures  of,  511,  512 

form  of,  511,  512 

general  structure  of,  513 

gray  matter  of,  513,  542 

groove  for  lateral  sinus  on,  512 

gyri  of,  512.    See  also  Gyri 

incisura  longitudinalis  of,  554 

internal  capsule  of,  541.    See  also  Capsule, 
internal 

intimate  structure  of,  542 

island  of  Eeil  of,  514,  526 

limen  insuke  of,  526 

lobes  of,  513 


I  Cerebral  hemispheres,  lower  margin  of,  1160 
medullary  centre  of,  513,  542,  546 
nuclei  of,  513,  537,  541 
opercula  of,  514,  515,  516,  519 
pallium  of,  528 
poles  of,  512 

jjosition  and  connexions  of,  438,  440,  511 

p)rteoccipital  notch  of,  521 

projection  filjres  of,  549 

Rolandic  angle  of,  516 

septum  lucidum  of,  531,  555 

sulci  of,  512 

surfaces  of,  512 

surgical  anatomy  of,  1161 

Sylvian  fossa  of,  515,  554 

point  of,  513 
ventricles  of,  531,  532.    See  «/.so  Ventricles 
veins,  837,  838 
vesicles,  20,  441,  445 
Cerebro-spinal  fluid,  421 
nervous  system,  414,  419 

axis  of,  414.     See  also  Brain,  Spinal 
cord 

ganglionic  part  of,  419 
gray  matter  of,  414 
medullary  part  of,  419 
nerve-cells  of,  416 
nerve-fibres  of,  414 

nerves  of,  414.    See  also  Nerves,  cranial ; 

Nerves,  spinal 
neuroglia  of,  418 
neurons  of,  418,  419,  420 
white  matter  of,  414 
Cerebrum.    See  Cerebral  hemispheres,  Coi'pus 

callosum.  Fornix,  Tlialamus,  Ventricle 
Ceruminous  glands,  704,  733 
Cervical  arteries.    See  Artery 
fascia,  373,  1178 

rtexure  of  neural  tube,  441,  444,  486 
ganglion.    See  Ganglion 
lymphatic  glands,  865,  866,  1182,  1183 
nerves.    See  Nerves 
jjleura,  927 
plexus.    See  Plexus 
ribs,  78,  89,  91,  97 
sympathetic,  664,  673,  1182 
veins.    See  Veins 
vertebriE,  73,  74 
Cervicalis  ascendens  muscle,  368 
Cervix  uteri,  1128 

arbor  vitie  of,  1129,  1133 

glands  of,  1133 

mucous  memlu'ane  of,  1133 

muscular  coat  of,  1132 

supra-vaginal  jiortion  of,  1129 

vaginal  portion  of,  1129,  1233 
Chamaecephalic  skulls,  174 
ChamiBprosope,  174 

Cliamber,  anterior,  of  eye,  687,  695,  699 
endothelium  of,  685 

posterior,  of  eye,  695 
recesses  of,  693 
Check  ligaments,  259 
Cheek-bone,  131,  147,  148 
Cheeks,  947 

glands  of,  947 

sucking-pad  of,  947 
Chest.    See  Thorax 

Chiasma,  ojitic,  440,  510,  552,  634,  635,  661 
Choan;e,  157,  158,  677,  982 
Chondro-cranium,  176 
Chondro-epitrochlearis  muscle,  310 
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M  Cliondro-glossus  muscle,  386,  388 
(Jliorda  tyiiipaiii  nerve,  1167 
Cliordiu  tendiiie;e,  745,  746 

Willisii,  840 
Chordal  jiortiou  of  skull,  176 
Chorioid,  682,  685 
developmeut  of,  699 
lamina  basalis  of,  685,  686 
cliorio-capillaris  of,  686 
supra -chorioidea  of,  685 
vasculosa  of,  686 
nerves  of,  689 
])ignient  of,  686 
jiroper  tissue  of,  685,  686 
spatium  pericliorioidale  of,  683,  686 
stratum  intermedium  of,  686 
tapetum  of,  686 
Chorioidal  fissure,  699 
Chorion,  50 

Cliorionic  area,  23,  47,  50 

membrane,  50 

vesicle,  50 
■  villi,  47,  50,  52,  55,  62,  63 
Choroid  j^lexuses,  473,  489,  533,  535,  555 
Choroidal  artery,  775,  772,  562,  563 

fissure,  535,  555,  563 

veins,  837 
Chromatin,  9 

skein,  10 
Chromosome,  10,  13,  14,  15 
Chyme,  1000 

Ciliary  arteries.    (SVc  Artery 
l)ody,  682,  687 
border,  688 
bundle,  376 

ganglion.    See  Ganglion 
muscle,  687 

nerves,  639,  683,  685,  689 

processes,  687 
Cingulum,  548,  967 
Circle  of  Willis,  776 
Circular  sinus,  840 

sulcus,  514,  526 
Circulation,  foetal,  57,  60,  881 
Circulus  arteriosus,  776 
major,  688 
minor,  688 

tonsillaris,  648 
Circum-anal  glands,  1045 
Circumduction,  movement  of,  251 
Circumflex  arteries.    /See  Arteries 

iliac  artery.    See  Artery 
vein,  855,  856 

nerve,  583,  590,  1202 
Circumflexus  palati  muscle,  390,  391 
Circumvallate  jJaj^illa;,  953,  954 
Cisterna  basalis,  560 

chyli,  861 

magna,  560,  1164 

pontis,  560 
Cisternse  subarachnoidales,  560 
Clarke,  colunan  of,  429,  430,  433,  434 
Claudius,  cells  of,  721,  722 
Claustrum,  540 
Clava,  449,  456 
Clavicle,  178,  1198 

architecture  of,  180 

articulations  of,  265 

homology  of,  246 

ossification  of,  180 

variations  in,  180 
Clavicular  artery,  784 


I  Clavicular  nerves,  575,  576,  577,  580 

notch,  91 
Cleft,  gluteal,  1197,  1209 

olfactory,  1 1 75 

palate,  131,  963,  1177 

visceral,  34,  41,  42,  63,  64,  65,  659,  661 
Cleido-mastoid  muscle,  383 
Cleido-occipitalis  muscle,  383 
Clinoid  process,  anterior,  120 
middle,  119 
posterior,  119,  164,  165 
Clitoris,  1122,  1138 

arteries  of,  1139 

bone  of,  1139 

corjiora  ca\'ernosa  of,  1 139 

crpra  of,  1139 

develojunent  of,  1141,  1146 

dorsal  vein  of,  852 

frenulum  of,  1137,  1139 

glans  of,  1139 

nerves  of,  1139 

prepuce  of,  1137,  1139 

suspensory  ligament  of,  1139 
Clivus  monticuli,  469 
Cloaca,  43,  1141,  1143 
Cloacal  fossa,  44,  1141,  1143,  1146 

membrane,  19,  22,  43,  44 
Co-aptation,  251 
Coccygeal  artery,  810 

ganglion,  662,  670 

gland,  1158 

nerves,  .56.5,  571,  613 

plexus,  616 
Coccyx,  84,  90,  213,  216 
Cochlea,  714,  716 

membranous,  719 
Cochlear  nerve.    See  Nerve 
Cochleariform  process,  113,  706,  708,  1167 
Cojliac  artery,  799 

axis,  799,  892,  899,  1229 

lymphatic  glands,  872 

plexus,  670,  671 
Ccclom,  24,  25,  48,  50,  56,  1055 
Colic  arteries.    See  Arteiy 

impression  of  liver,  1063 

lymphatic  glands,  872 

veins,  858,  859 
Collar  bone,  178 
Collateral  fissure,  517,  518,  537 
Collecting  tubules,  renal,  1086 
Colles,  perineal  fascia  of,  1230 
CoUiculi  inferiores,  492 

superiores,  493 
Colliculus  nervi  optici,  689 
Colon,  1023.    See  also  Intestine 

a2)pendices  epiploicaB  of,  1024,  1025 

a.scending,  943,  1023,  1031,  1227 

caput  ciECum  of,  1023,  1025.   See  a/.svj  Ctecuni 

descending,  943,  1023,  1034,  1227 

dimensions  of,  1024 

haustra  of,  1024 

hepatic  flexure  of,  1023,  1032,  1196,  1197, 
1227 

iliac,  1023,  1034,  1227 

mesentery  of,  1032 

nerves  of,  1025 

pelvic,  1023,  1034,  1035,  1227 

in  new-born  child,  1036 

mesentery  of,  1000,  1035,  1036 

structure  of,  1036 
plicaj  semilunares  of,  1024 
sacculi  of,  1024,  1036 
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Colon,  sigmoid  flexure  of,  943,  1023,  1034 

si)lenic  flexure  of,  1023,  1033,  1197,  1227 

structure  of,  1025 

trenia;  of,  1011,  1024,  1036 

transverse,  943,  1023,  1032,  1227 

vessels  of,  1025 
Coluiuiiffi  carneiB,  745,  746 

fornicis,  531 

rugaruui  vaginie,  1136 
Coluums  of  Bertini,  1086 

of  Morgagiii,  1043,  1044 

spinal  cord.    See  Spinal  cord 

vertebral,  72,  85,  1197.    See  also  Vertebraj, 
Vertebral  coluniu 
membranous,  28 
Comes  nervi  isciatici,  811,  902 
mediani,  790 
])hrenici,  780 
Comma  ti'act,  433 
Coniinissura  habenula?,  506 
Commissural  fibres,  cerebellar,  472 

cerebral,  546 
Commissure  of  cord.    See  Spinal  (^ord 

gray,  of  tliird  ventricle,  503,  508,  552 

of  Gudden,  491,  510,  635 

liippocampal,  531,  547 

of  lips,  945 

optic,  440,  510,  552,  634,  635,  657,  661 

white  anterior,  of  brain,  508,  546,  547,  555 
posterior,  of  brain,  506,  554 
Communicating  arteries.    See  Artery 
Complexus  muscle,  369,  372 
Compound  glands,  957 
Compressor  Ijulbi  muscle,  407 

hemisj)lierium  bulbi,  407 

naris  muscle,  376 

uretlirce,  muscle,  408,  409 

venfe  dorsalis  penis  muscle,  408 
Ccmcentric  corpuscles  of  Hassall,  1158 
Concha,  700 

inferior,  135,  148 

media,  125,  148 

superior,  125 
Conch  ib  inferiores,  100 

sphenoidales,  124 
Condyle  of  femur,  220 

of  humerus,  184,  186,  187 

of  jaw,  141,  1172 

occipital,  108,  109,  161 
third,  77,  109 
Condylic  foramen,  108,  161,  165,  166,  168 

fossa,  108,  161 

surface  of  tibia,  224,  228 
Condyloid  joints,  249 
C(me  of  attraction,  15 

bipolars  of  retina,  690 

granules  of  retina,  691 

retinal,  691,  699 
Coni  vasculosi,  1106,  1145 
Conical  paj^illfe,  953 
Conjoined  tendon,  401,  402,  1220 
Conjugate  diameter  of  pelvis,  215,  216 
Couj'unctiva,  696 

fornix  of,  696 

nerves  of,  696 

ocular,  696,  1173 

palpebral,  696,  1173 

jjlica  semilunaris  of,  695 

vessels  of,  696 
Conoid  ligament,  266,  267 

tubercle,  179 
Constrictor  muscles  of  i)harynx,  389,  391,  413 


Constrictor  muscles  of  urethra,  408,  409 
Conns  arteriosus,  744 

meduUaris,  420,  425,  426,  428,  11!)7 
Convoluted  tubules  of  kidney,  1086 
Convolutions  of  cerebrum.    See  Gyii 
Coraco-aoromial  ligament,  267 
Coraco-brachialis  muscle,  318,  320,  321,  1200, 
1202 
superior,  319 
Coraco-clavicular  ligament,  266 
Coraco-glenoid  ligament,  269 
Coraco-humeral  ligament,  269,  312 
Coracoid  process,  180,  181,  183,  246,  1199 
Cord,  gangliated,  of  sympatlietic,  662,  664 
cervical,  664,  673 
lumbar,' 668,  673 
sacral,  669,  673 
thoiucic,  667 
genital,  1145 
lumbo-sacral,  605,  606 
lymphatic,  861 

spermatic,  1104,  1107,  1112,  1220 
cremasteric  fascia  of,  402,  404,  1112 
infundibuliform  fascia  of,  398,  404,  1112 
intercolumnar  fascia  of,  401,  404,  1112 

spinal.    See  Spinal  cord 

umbilical,  49 

vocal.    See  Larynx 
Cords  of  brachial  plexus,  581,  583,  621 
Corium,  728 

l)apill;e  of,  728 

stratum  papillare  of,  728 
reticulare  of,  728 
Cornea,  682,  683,  1173 

anterior  elastic  lamina  of,  684 

arcus  senilis  of,  684 

Idood -vessels  of,  685 

curvature  of,  683 

development  of,  699 

ligameiatiim  pectinatum  of,  685 

nerves  of,  685 

posterior  elastic  lamina  of,  684 

spaces  of  Fontana  of,  685 

structure  (jf,  684,  685 
Cornicula  laryngis,  911 
Cornu  ammonis.    See  Hip^iocampus  major 

of  coccyx,  84 

of  cord.    See  Spinal  cord 

of  hyoid  bone,  142,  143,  1181 

of  lateral  ventricles,  532,  534 

of  sacrum,  82 

of  saphenous  opening,  337 

of  thyroid  cartilage,  908,  909,  1160 

of  uterus,  1133 
Corona  dentis,  965 

glandis,  1114 

radiata,  542,  549 
of  ovum,  12 
Coronal  plane,  5 

suture,  104,  148,  155,  172 
Coronary  arteries.    See  Arteries 

ligament,  1048,  1065,  1066 

plexus.    See  Plexus 

sinus,  739,  742,  825,  826,  881,  895,  903 

veins.  See  Veins 
Coronoid  fossa,  188 

jjrocess  of  jaw,  141,  153,  1172 
of  ulna,' 189,  190,  1204 
Corpora  mammillaiia,  440, 443, 507, 508, 531 , 553 

(piadrigemina,  441,  442,  490 
l)racliia  of,  451,  466,  494 
connexion  with  cochlear  nerve,  493 
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Corpora  qnadrigemiiia,  connexion  \\'ifli  tliala- 
mns,  493 

development  of,  500 

fillet-fibres  of,  493,  497 

inferior,  490,  492,  493 

structure  of,  492,  493 

superior,  490,  493,  510,  51],  550 
Corpus  adiposuni  bucc;e,  947 
albicans  of  ovary,  1124 
Arantii,  745 
callosuni,  440,  528,  546 

absence  of,  546,  549 

body  of,  529 

development  of,  555 

forceps  major  of,  530,  534 

genu  of,  530 

gray  matter  of,  529 

gyri  of,  529,  530 

radiation  of,  530,  546 

rostrum  of,  530 

splenium  of,  529 

stricB  longitudinal es  of,  528,  529,  531 
tapetum  of,  530,  533,  534,  546,  549 

cavernosum  clitoridis,  1139 
penis,  1114,  1115 

ciliare,  687 

dentatum,  471 

geniculatum  externum,  490,  503,  504,  510, 
511,  550,  552 
internum,  490,  497,  510,  551 
Higlimori,  1105 
luteum,  1124 

spongiosum  penis,  1114,  1115,  1116,  1230 
striatum,  513,  538 

connexions  of,  540 

development  of,  554 

vein  of,  533,  837 
subthalamicum,  505 
trapezoides,  464,  470,  471,  481 
vitreum,  692 
Corpuscles,  concentric,  of  Hassall,  1158 
of  Krause,  730 
lymph,  861 

Malpighian,  of  spleen,  1152 
of  Meissnei',  730 
of  Pacini,  730 
of  Ruflini,  730 
tactile,  729,  730 
Corpuscula  bullDoidea,  730 

lamellosa,  730 
Corrugator  cutis  ani,  407,  1042 

supercilii,  376,  378 
Cortex,  cereliral.    See  Cerebral  cortex 
renal,  1086 
splenic,  1154 
Corti,  ganglion  of,  716,  723 
head-plates  of  rods  of,  721 
organ  of,  720,  721 

cells  of  Henseu  and  Claudius  of,  721 
development  of,  725 
hair-cells  of,  721,  722 
lamina  reticularis  of,  721,  723 
membrana  tectoria  of,  721,  723 
pillars  of,  721 
rods  of,  721 
space  of  Nuel  of,  722 
supporting  cells  of,  721,  722 
fibres  of,  722 
l^halangeal  processes  of  rods  of,  722,  723 
tunnel  of,  721 
Cortico-pontine  tract,  463,  498,  541,  542,  549 
Costal  cartilages,  97,  263,  1220 


Costal  pleura,  927,  928 
zone  of  abdomen,  997 
Costo-central  joints,  261 
Costo-chondral  joints,  1186 
Costo-colic  ligament,  1033 
Costo-coracoid  ligament,  310 
membrane,  309,  783 
muscle,  310 
Costo-sternal  joints,  263 
Costo-transverse  joints,  262 
Costo- vertebral  joints,  261 
Cotyloid  cavity,  212 
ligament,  286 
notch,  210,  212,  213 
Cowper,  glands  of,  1104,  1118,  1121,  1146, 1230 
Cranial  nerves,  632.    See  also  Nerves 

1st,  see  Nerve,  olfactory 

2nd,  see  Nerve,  optic 

3rd,  see  Nerve,  ocido-niotor 

4th,  see  Nerve,  trochlear 

5th,  see  Nerve,  trigeminal 

6th,  see  Nerve,  abducent 

7th,  see  Nerve,  facial 

8th,  see  Nerve,  auditory 

9th,  see  Nerve,  glosso-pliaryngeal 

10th,  see  Nerve,  vagus  ■ 

11th,  see  Nerve,  spinal  accessory 

12th,  see  Nerve,  hypoglossal 
Cranio-cerebral  topography,  1161 
Craniology,  173 
Craniometry,  173 

Cranio-pharjaigeal  canal,  120,  123,  159,  176 
Cranium,  99,  155,  172.    See  also  Skull 

articulations  of,  with  spine,  258 

bony  landmarks  of,  1160 

caj^acily  of,  173 

cartilaginous,  176 

cerebrale,  99,  100,  155 

circumference  of,  174 

fosScTj  of,  162,  164,  165,  166,  167,  171 

lieight  of,  174 

membranous,  176,  178 

surgical  anatomy  of,  1159,  1161 

thickness  of,  1161 

trabecular  portion  of,  177 

veins  of,  835,  839 

vertebral  portion  of,  177 

viscerale,  99,  100,  155 
Cremaster  muscle,  402,  405,  1112 
Cremasteric  artery,  798,  812 

fascia,  402,  404,  1112 
Crescent  of  Gianuzzi,  958 
Crescentic  lolnile,  469 
Crest,  falciform,  115 

frontal,  102,  164 

iliac,  207,  216,  1197,  1209 

incisor,  130 

infra-temporal,  122,  150,  151,  152 

lachrymal,  129,  134,  147 

malar,  121 

nasal,  130,  169 

neural,  20 

obturator,  211 

occipital,  external,  106 

internal,  107,  166 
pubic,  211,  216,  1213 
sacral,  82 
sj^henoidal,  120 
sujira -mastoid,  110,  150 
temporal,  101,  103,  149,  1160,  1161,  1172 
of  tibia,  226 

turbinated  inferior,  129,  137 


INDEX. 


1251 


Crest,  turbinated  superior,  129,  138 
Criljriform  fascia,  337 

plate,  124,  126,  168,  171,  172 
Crico-arytenoid  joint,  912 

muscles,  918,  919,  921 
Cricoid  cartilage,  909,  911,  941,  1180 
Crico-tliyroid  artery,  760 

memlirane,  912,  1180,  1196 

muscle,  918,  920 
Crista  acustica,  719 

basilaris  coclil.e;ie,  720 

galli,  124,  164 

mallei,  711 

semilunaris  coclilew,  717 
terminalis,  742,  882 
transversa  coclilese,  717 
urethraj,  1102,  1120 
vestibuli,  715 
Crucial  anastomosis,  811,  817 
ligament  of  atlas,  259 
of  knee,  291 
Crura  antilielicis,  700 
cerebri,  491 

crusta  of,  491,  498 
development  of,  442,  445,  500 
fronto-pontine  filjres  of,  498,  549 
position  and  connexions  of,  439,  441,  491 
pyramidal  fibres  of,  498,  549 
red  nucleus  of,  494,  505 
tegmental  part  of,  491,  493,  501,  505,  508 
temjjoro-jiontine  fibres  of,  498,  549 
clitoridis,  1139 
of  crucial  ligament,  259 
of  diaphragm,  394 
fornicis,  531 
of  penis,  1115 
Crural  arch,  deep,  340 
superficial,  340 
canal,  340 
fossa,  1048 
nerves.    See  Nerves 
ring,  340,  401 
septum,  340 
sheath,  340 
Crureus  muscle,  342,  352 
Crus  anterius  of  stajjes,  712 
breve  of  incus,  712 
commune  of  semicircular  canals,  716 
helicis,  700 
longum  of  incus,  712 
posterius  of  stapes,  712 
Crusta  of  cms  cerebri,  491,  498 

petrosa,  964,  973,  974,  977 
Cryptorchism,  1111 
Cryptozygous  skulls,  155,  175 
Crystalline  lens.    See  Lens 
Cubo-cuneiform  articulation,  301 
Cuboid  bone,  240,  241,  242,  245 
CucuUaris  muscle,  307 
Culmen  monticuli,  469 
Cuneate  funiculus,  423,  432,  449,  455,  456 
gyrus,  523,  525 
niicleus.    See  Nucleus 
tubercle,  449,  456 
Cuneiform  bones,  197,  199,  203,  245 
external,  240,  242,  245 
internal,  238,  240,  241,  242,  245 
middle,  239,  242,  245 
cartilages,  911 
tubercle,  914 
Cuneo-lingual  gyri,  524,  525 
Cuneo-metatarsal  ligaments,  302 


Cuneus,  525 

Cup,  optic,  656,  661,  689,  698 
Cupola  of  cochlea,  716 

terminalis,  719 
Curved  lines  of  ilium,  208,  209 

of  occipital  bone,  106,  150,  154,  157,  161 
Cushion,  endocardial,  879 

of  epiglottis,  915 

Eustachian,  983 

levator,  983 
Cusps,  aortic,  745 

mitral,  745 

of  tooth,  965,  967,  971 

tricuspid,  744 
Cutaneous  lamella,  28,  29 
Cuvier,  duct  of,  884,  886,  893,  894,  903 
Cylinder,  axis.    See  Axon 
Cymba  conclias,  700 
Cystic  artery,  801  . 

duct,  1069,  1225 

vein,  858 
Cytolymph,  8 
Cytoplasm,  7,  8,  10 
Cyto-reticulum,  8 

Dacryon,  174 
Dartos  muscle,  405,  1113 
Darwin,  tubercle  of,  700 
Decidua,  51,  53,  57 

basalis,  52,  55 

capsularis,  52,  54 

layers  of,  54,  55 

reflexa,  52 

serotina,  52 

vera,  52,  54 
Deciduous  teeth,  967,  972,  977 
Decussation  of  cerebellar  peduncles,  494 

of  fillet,  456 

of  Forel,  498 

fountain,  498 

of  Meynert,  498 

motor,  456 

in  optic  commissure,  635 

of  pyramids,  446,  448,  453 

sensory,  456 

transverse,  of  pons,  462 
Deftecation  centre,  1046 
Degeneration,  Wallerian,  431 
Deglutition,  movements  in,  391 
Deiters,  nucleus  of,  481,  482 

sujjporting  cells  of,  721,  722 
Deltoid  eminence,  185 

ligament,  297 

muscle,  314,  317,  1203 

tubercle,  179 
Demilunes  of  Gianuzzi,  958 
Deniours,  lamina  of,  684 

Dendrites,  21,  416,  417,  419,  429,  430,  474,  475, 

543,  662 
Dental  arches,  155,  175,  971 

artery,  766,  767 

canals,  128,  139,  141,  152,  153 

foramen,  141,  153 

formula,  965 

index,  176,  979 

lamina,  976 

nerves.    See  Nerves 

veins,  835 
Dentary  centre,  142 
Dentate  fissure,  527,  528,  535 

gyrus,  527 

nucleus,  471,  472 
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Dentinal  fibrils,  974,  978 

pai)illa,  975,  976 

sheatlis,  974,  978 

tubes,  974,  978 
Dentine,  964,  973,  974,  975,  976,  978  ' 
Depressor  alte  nasi  muscle,  376 

anguli  oris  muscle,  377,  378 

labii  inferioris  muscle,  377,  378 

septi  muscle,  376 
Dermal  teeth,  975 
Dermis,  728 

Descemet,  lamina  of,  684 
Descending  degeneration,  431 
Descriptive  terms,  4 
Deutoplasm,  10,  46 
Development,  1 

of  arteries,  882 

of  auditor)'  ossicles,  713 

of  blood  vascular  svstem,  875 

of  brain,  441,  445,  486 

of  cerebellum,  441,  445,  488 

of  cerebral  liemisjjheres,  442,  445,  552,  554 

of  clioudro-cranium,  176 

of  cranial  nerves,  656 

of  eye,  698 

of  heart,  875,  878,  879 
of  inter-brain,  442 
of  intestine,  1054 
of  Joints,  251 
of  labj'rintli,  724 
of  liver,  1072 
of  mamma,  1148 

of  medulla  oblongata,  441,  445,  487 

of  mid-brain,  441,  442,  500 

of  nerve-cells,  417,  418,  419,  436 

of  oesophagus,  992 

of  palate,  963 

of  23ancreas,  1078 

of  pericardium,  875 

of  peritoneum,  1054 

of  pharynx,  987 

of  pons  Varolii,  441,  445,  488 

of  quadrigeminal  bodies,  500 

of  respiratory  appaiutus,  941 

of  salivary  glands,  963 

of  skeletal  muscles,  412 

of  skin,  733 

of  spinal  cord,  435 

of  sjiinal  nerves,  618 

of  spleen,  1152 

of  suprarenal  capsules,  1154 

of  sympathetic  system,  673 

of  teeth,  975 

of  thymus  gland,  1158 

of  thyroid  gland,  1155 

of  tongue,  963 

of  urogenital  organs,  1139 

of  veins,  60,  884 
Diagonal  sulcus,  518,  519 
Diaphragm,  394,  993 

anomalies  of,  397 

arch  of,  1194,  1197 

central  tendon  of,  395 

crura  of,  394 

foramina  in,  396 

hernia  of,  397 
Diaphragma  sellte,  557,  558 
Diaphragmatic  ganglion,  580,  671 

line  of  pleura,  929,  931  • 

lymphatic  glands,  874 

l)leura,  927,  928 

plexus,  580,  671 


Diaphysis,  69 
Diajjophysis,  91 
Diarthrosis,  248,  249,  252 
Diencephalon,  441,  442,  501,  502 
Digastric  fossa,  140 

groove,  113,  161 

muscle,  385,  387,  388,  413 

triangle,  1180,  1181 
Digital  arteries.    Si'f  Arteries 

fossa,  218 

of  testis,  1105 

sheaths  of  fingers,  323 
of  toes,  355 

veins,  845,  855,  888,  895,  896 
Digitus  post  minimus,  245 
Dilatator  pupillte,  689 
Dilator  naris  muscle,  376 

tubai  muscle,  709,  710 
Diphyodont  dentition,  979 
Diploe,  69 
:  Diploic  veins,  835,  836 

Disc,  articular,  252,  253,  260,  266,  267,  274 
1      interpnbic,  283 

intervertebral,  253 

optic,  689 

tactile,  730 
Discus  proligerus,  1125 
Diverticulum,  allantoic,  48,  49,  63 

ilei,  1022,  1055 
Dolicho-cephalic  skulls,  155,  173 
Doliclio-facial  skulls,  174 
Dolichuranic  skulls,  175 
Dorsal  axial  line  of  limbs,  572 
!  Dorsalis  clitoridis  artery,  809,  1139 

hallucis  artery,  824  S 

indicis  artery,  788,  902 

linguiB  artery,  760,  956 

pedis  artery,  823,  1219 

penis  artery,  809 

Ijollicis  artery,  788 
Dorsiflexion,  297,  304 
Dorso-epilroclilearis  muscle,  310 
Dorsum  sella',  119,  164,  176 
Douglas,  fold  of,  403,  1050,  1130,  1221 

pouch  of,  1039,  1050,  1130,  1233,  1234 
Duct  or  Ducts,  alveolar,  of  lung,  940 

of  Bartholin,  963 

bile,  945,  1017,  1019,  1068,  1069,  1072,  1073, 

1197,  1225 
of  Cuvier,  884,  886,  893,  894,  903 
cystic,  1069,  1225 

ejaculatory,  1104,  1107,  1109,  1120,  1140 

of  Gartner,  1128 

hepatic,  1068,  1073 

interlobular,  of  liver,  1068,  1072,  1073 

lachrymal,  697 

lactiferous,  1147  '' 
lingual,  1156 

lymphatic,  right,  859,  861,  863,  905 

Mullerian,  1140,  1145 

nasal,  679,  697,  698,  699,  1174 

development  of,  39 
pancreatic,  945,  1017,  1019,  1073,  1077,  1078 
parotid,  961,  1173 
jjrostatic,  1118 
of  Rivinus,  963 
of  Stenson,  945,  961 
submaxillary,  962 

thoracic,  859,  861,  905,  990,  1183,  1196 
tliyro-glossal,  36,  964,  1156,  1176 
vitelline,  1022,  1055 
vitello-intestiual,  31,  49,  46,  1055 
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Duct  or  Ducts  of  Wliartou,  947,  962,  1176 

of  Wirsung,  1077 

Wolffifui,  1139,  1141,  1145 
Ductless  glands,  957,  1149 
Ductus  arteriosus,  36,  60,  61,  62,  883,  897 

cochlearis,  715,  719,  720,  725 

endolyniphaticus,  718,  725 

para-uretliralis,  1103,  1138 

reuniens  of  Hensen,  718,  725 

utriculo-saccularis,  718 

venosus,  61,  858,  885 
fissure  of,  1062,  1064 
ligament  of,  1066 
Duodenal  folds,  1018 

fossse,  10i8 

impression,  1063 
Duodeno- jejunal  flexure,  1015,  1020,  1226 

fossa,  1019,  1226 
Duodenum,  943,  1014,  1015.    See  also  Intestine 

caruncula  minor  of,  1019 

diverticulum  of,  1020 

first  part  of,  1225,  1015 

interior  of,  1019 

nerves  of,  1020 

orifice  of  bile  and  pancreatic  duct  in,  1017 
peritoneal  relations  of,  1015,  1017,  1018,  1019 
relations  of,  1015 
second  part  of,  1197,  1226 
structure  of,  1019 
surgical  anatomy  of,  1225 
suspensory  muscle  of,  1020 
third  part  of,  101.5,  1018,  1197,  1226 
imcovered  area  of,  1017 
various  forms  of,  1020 
vessels  of,  1020 
Dura  mater,  556 
ci'anial,  556 

diapliragma  sellse  of,  557,  558 
falx  cerebelli  of,  557,  558 

cerebri  of,  557 
lacunse  laterales  of,  561 
layers  of,  556,  558 
parasinoidal  sinuses  of,  561 
prolongations  of,  on  nerves,  556,  559 
spinal,  558 

venous  Wood-sinuses  of,  556,  557,  558 
Dyad,  13 

Ear,  699 

capsule,  116,  176 
external,  700 

development  of,  35,  41,  64,  65 
meatus  of,  700.    See  also  Auditory  meatus 
pinna  of,  700 
internal,  714.    See  also  Labyrinth 
middle.    See  Tympanic  cavity 
muscles  of,  extrinsic,  376 

intrinsic,  702 
surgical  anatomy  of,  1 165 
Ebner,  glands  of,  727 
Ectochondral  ossification,  70 
Ectoderm,  17,  18,  26 
neural,  27 

structures  formed  from,  26,  27 

surface,  26 
Egg-tubes,  1125 
Ejaculator  urinpe  muscle,  407 
Ejaculatory  duct,  1104,  1107,  1109,  1120,  1140 
Elastic  lamina  of  arteries,  736 
of  cornea,  684 

membrane  of  Henle,  736 
Elbow,  surgical  anatomy  of,  1203 


Elbow-joint,  271 

fat-pads  of,  273 

movements  at,  273,  321,  335 

muscles  acting  on,  321,  335   ^ 

nerves  of,  585  ^ 

surgical  anatomy  of,  1203 

synovial  membrane  of,  273 
Embolus  of  cerebellum,  471 
Embrvo,  26 

):)lood  of,  62 

circulatioir  in,  57,  60,  881 
at  different  periods,  62 
estimate  of  age  of,  66 
external  characters  of,  62 
folding  of,  from  blastodei'mic  vesicle,  25 
length  of,  65,  66 
membranes  of,  46,  57 
nutrition  of,  46,  56,  57 
veins  of,  60 
Embryologj-,  1,  7 

Embryonic  area,  18,  26,  48,  49,  62,  63 
Eminentia  arena ta,  115,  165 

coUateralis,  518,  535,  536 

conchae,  701 
I      teres,  452,  484,  487 

triangularis,  701 
Emissary  veins,  840,  841 
Enamel,  964,  973,  975,  978 

cells,  976,  978 

cuticle,  974 

germs,  976 

organs,  976 

prisms,  973 
Enartlirodial  joints,  249 
Encephalon.    See  Brain 
End-bulbs  of  Krause,  730 
Endocardial  cushions,  879 
Endocardium,  742,  743,  745,  746,  747 
Endochondral  ossification,  70 
Endognathion,  963 
Endolymph,  717 
Endoskeletou,  67 
Ensiform  artery,  781 

cartilage,  92,"  92,  1198 
Entoderm,  17,  18,  27,  48 
Epactal  bones,  127 
Eparterial  bronchus,  926,  939 
Ependyma,  532,  536 
Ependymal  cells,  419,  428 

layer,  436 
Epiblast,  17 

Ej)ibrancliial  organs,  659,  660 
Epicardium,  746,  747 
Epicondyles,  187,  188,  220,  221 
Epticondylic  lines,  220 

process  of  humerus,  188,  189,  1203 

ridges,  186,  188 
Epicranial  aponeurosis,  373,  375 
Epidermis,  728,  729,  733,  734,  735 
Epidiclymal  arterv,  798 
Epididymis,  1103,  1104,  1231 

body  of,  1105 

canal  of,  1106,  1140,  1142,  1145 

globus  major  of,  1105 
minor  of,  1105 

hydatids  of,  1105,  1145 

sinus  of,  1105 

structure  of,  1105 

vasa  aberrantia  of,  1106,  1140 
Epidural  sjiace,  556,  558 
Epigastric  arteries.    See  Arterv 

fossa,  1186 
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Epigastric  region,  997,  1221 

veins.    See  Veins 
Epigastrium,  997 
Epiglottidean  ligaments,  91.3 
Epiglottis,  1180,  1196 

cartilage  of,  911 

ciisliion  of,  915 

in  deglutition,  921 

development  of,  33,  3G,  941 

frenulum  of,  952 

glands  of,  918 

taste  buds  of,  725 
Epihyal,  143 
Epiotic,  117 

Epipliyses,  69,  70,  71,72,  89,  90,  252 
Epipteric  ossicles,  116,  127 
Episternal  bones,  94 

notcli,  1197 
Ejiistropheus,  77 
Epitlialamus,  501,  552 
Epitricbiura,  734 
Epitroclileo-anconeus  muscle,  332 
Epitympanic  space,  1167,  1168 
Eponycliiura,  731,  734 
Eijoophoron,  1128,  1130,  1140 
Erect  position,  4 
Erector  clitoridis  muscle,  407 

penis  muscle,  407 

spinaj  muscles,  367,  372,  373,  1193 
Eruption  of  teetli,  972,  975,  977,  978 
Erytbroblasts,  70 

Etbmoid  bone,  100,  124,  147,  164,  168 

ossification  of,  126 

variations  in,  126 
Ethmoidal  arteries,  771 

canals,  125,  126,  146,  164 

cells,  125,  126,  146,  147,  168,  169,  678,  679, 
1172 

crest,  129,  138,  169 

foramen,  101,  164 

groove,  125 

notcli,  101 

plate,  176 

process,  135 

sinus,  169 

spine,  120 
Etlimo-turbinals,  125 

vomerine  plate,  176 
Eustachian  canal,  113,  159,  160,  162 

cushion,  983 

tube,  706,  708,  1167,  1168,  1178 
blood-vessels  of,  710 
in  cliild,  710 
development  of,  42 
dilator  muscle  of,  709,  710 
fascia  salpingo-pharyngea  of,  709 
groove  for,  120,  159,  160,  709 
isthmus  of,  709 
lamina  membranacea  of,  709 
nerves  of,  710 

ostium  pharyngeum  of,  708,  709,  710,  983 

tympanicum  of,  708 
pars  cartilaginea  of,  708 

ossea  of,  709,  710 
tonsil  of,  710 
valve,  742,  743,  847,  882 
Eutelolecithal  ovum,  11 
Eversion  of  foot,  304 
Exoccipitals,  109 
Exognatliion,  963 
Exoskeleton,  67 
Expression,  facial,  378 


Exjiiration,  397 
Extension,  movement  of,  251 
Extensor  brevis  digitorum  muscle,  357,  363, 
364,  365,  1219 
pollicis  muscle,  334,  335,  336 
carpi  radialis  brevior  muscle,  331,  335 
longior  muscle,  333,  335 
ulnaris  muscle,  332,  335 
communis  digitorum  muscle,  331,  335 
liallucis  longus  muscle,  356 
indicis  muscle,  334,  335 

longus  digitorum  muscle,  356,  363,  364,  365, 
1219 

pollicis  muscle,  334,  335,  336 

jirimi  internodii  hallucis  muscle,  357 
minimi  digiti  muscle,  332,  335 
ossis  metacarpi  pollicis  muscle,  333,  335,  336 

metatarsi  hallucis  muscle,  356 
proprius  hallucis  muscle,  356,  363,  364,  365 
Eye,  681.    See  also  Eye-ball 
develoimient  of,  698 
movements  of,  380 
pineal,  506 
Eye-ball,  681 

anterior  chamber  of,  687,  695,  699 

coats  of,  628.     See  aho  Chorioid,  Retina, 

Sclera 
dimensions  of,  682 
equator  of,  682 
meridional  lines  of,  682 
nerves  of.    See  Nerves,  ciliary 
nervous  tunic  of,  682,  689 
poles  of,  682 

posterior  chamber  of,  687 

refracting   media   of,   682,   683.     See  also 

Aqueous  humour.  Lens,  Vitreous  body 
sagittal  axis  of,  682 
sclero-cornea  of,  682 
shape  of,  681,  682 
sulcus  sclerse  of,  682 

tunica   vascidosa   of,  682,   685.     See  also 
Chorioid,  Ciliarv  bodv.  Iris 
Eyelashes,  696 
Eye-lids,  695,  1173 

blood-vessels  of,  696 

canthi  of,  695 

development  of,  699 

in  embryo,  65,  66  ' 

glands  of  Moll  of,  696,  733 

lacus  lacrimalis  of,  695 

lympliatics  of,  697 

mucous  membrane  of,  695.     See  also  Con- 
junctiva 

muscles  of,  376,  378,  695,  696 

nerves  of,  697 

palpebral  ligament  of,  696 

pai:)illa  lacrimalis  of,  695 

septum  orbitale  of,  696 

skin  of,  696 

tarsal  arches  of,  697 
glands  of,  695,  696 
ligaments  of,  695 
plates  of,  696 

third,  695 
Eye-teeth,  967 

Face,  bones  of,  100,  127,  147,  155,  172 

bony  landmarks  of,  1172 

measurements  of,  174 

muscles  of,  376,  378,  413 

surgical  anatomy  of,  1172 
Facial  angle,  175 
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Facial  artery.    See  Arterj' 
expression,  378 
index,  174 
nerve.    See  Nerve 
veins.    See  Veins 
Falciform  crest,  115 

ligament  of  saplienons  opening,  338,  340 
of  liver,  1048,  1056,  1063,  1065,  1066,  1073, 
1224 
process,  283 
Fallopian  tube,  1122,  1125,  1233 
abdominal  ostium  of,  1126 
ampulla  of,  1126 
development  of,  1140 
timbria;  of,  1126 
hydatids  of,  1128 
infundibulum  of,  1126 
isthmus  of,  1126 
mesosalpinx  of,  1126,  1130 
nerves  of,  1127 

ovarian  fimbria  of,  1124,  1126 

pars  nterina  of,  1126 

plicffi  of,  1127 

structure  of,  1127 

uterine  ostium  of,  1126 

vessels  of,  1127 
Fallopius,  aqueduct  of,  115,  161,  165,  707,  717 

hiatus  of,  115,  118,  165 
Falx  cerebelli,  557,  558 

cerebri,  557 
Fangs  of  teeth,  965 

Fascia  or  Fasciae  of  abdomen,  397,  398,  994 
of  arm,  317 
axillary,  309 
of  back,  307,  365 
l)icipital,  319,  1204 
l)UCCo-phar}aigeal,  987 
cervical,  373 
deep,  924,  1178 

muscular  compartment  of,  1178 
suprasternal  compartment  of,  1178 
vascular  compartment  of,  1179 
visceral  compartment  of,  1178 

cremasteric,  402,  404,  1112 

cribriform,  337 

deep,  306 

of  foot,  353 

of  forearm,  321 

of  groin,  337 

of  hand,  321 

of  head,  373 

iliaca,  994 

infundibuliform,  398,  404,  1112 

intercolumnar,  401,  404,  1112 

lata  of  thigh,  337,  1213 

of  leg,  353 

of  lower  limb,  336 

lumbar,  307,  365 

masseteric,  373 

of  neck,  373 

obturator,  409 

of  orbit,  378 

parotid,  960 

palmar,  323 

pectoral,  309 

pelvic,  405,  409,  994 

of  perineum,  405,  1230 

phrenico-iileural,  932 

plantar,  355 

popliteal,  338,  359,  1212 
prevertebral,  374 
pyriformis,  409 


Fascia  or  Fascife,  rectal,  1041 

recto-vesical,  410 

salpingo-pharyngea,  709 
.  of  Scarpa,  1230 

semilunar,  319 

of  shoulder,  314 

spermatic,  401 

suijerficial,  306 

temporal,  373 

of  thigh  and  buttock,  336 

transversalis,  398,  994 

triangular,  401 

of  upper  limb,  307 
Fasciculus  longitudinalis  inferior,  548 
superior,  548 

middle,  of  brachial  plexus,  581 

occipito-frontalis,  549 

olfactory,  of  cornu  ammonis,  531 

posterior,  of  brachial  plexus,  581 

retroflexus,  498,  506 

solitarius,  478,  479,  484,  487 

spiralis  of  cochlear  nerve,  724 

thalamo-mammillaris,  503 

uncinatus,  548 

of  Vicq  d'Azyr,  503,  507,  531 
Fat-pads,  synovial,  250,  273,  287,  293 
Fauces,  950 

isthmus  of,  943,  945,  948,  950,  1177,  1196 

pillars  of,  949,  950,  984,  987,  1177 

tonsil  of,  1177 
Female  pronucleus,  13,  15 
Femur,  217 

architecture  of,  222 

connexions  of,  222 

homology  of,  245 

lower  epiphyseal  line  of,  1215 

ossification  of,  222 

pilastered,  222 

variations  in,  222 
Femoral  artery,  814,  884,  893,  903,  1213 

fossa,  1048 

hernia,  339,  340 

lymphatic  glands,  869 

sheath,  398,  339,  814 

vein,  852,  854,  896 
Fenestra  ovalis  s.  vestibuli,  707,  715 

rotunda  s.  cochleae,  708,  1167 
Fenestrated  membrane,  736 
Fertilisation  of  ova,  15,  62 
Fibrse  arcuatas.    See  Arcuate  fibres 
lentis,  694 
Miilleri,  657,  692 
Fibres  of  Purkinje,  746 
Fibrils,  dentinal,  974,  978 

Fibro-cartilages,  250,  252,  266,  267,  274,  283, 
292 

intervertebral,  253 

semilunar,  292,  1214,  1215 

triangular,  274,  275 
Fibrous  plate  of  fingers,  281 
of  toes,  304 
tympanic,  704 
Fibula,  228,  1215,  1216 

architecture  of,  231 

connexions  of,  231 

homology  of,  245 

ossification  of,  231 

variations  in,  232 
Fibular  artery,  823 
Fibulare,  os,  245 
Field,  polar,  9 
Fifth  ventricle,  531 
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Filiform  |)ai)i]la',  953 
Fillet,  457 

connexion  with  codih^ar  niiflci,  497 
geniculate  body,  493,  497 
motor  cortex,  498,  54:>,  550 
optic  tlialamus,  497 
quadrigeminal  body,  493,  497 
superior  olive,  497 

decussation  of,  456 

interolivary  stratum  of,  459 

lateral,  467,  481,  491,  497 

mesial,  457,  467,  497,  505,  511 

in  mid-brain,  491,  493,  494,  497 

in  pons,  465,  467 

trigeminal  fibres  of,  486 
Filtrum  ventriculi  of  Merkel,  915 
Filuni  terminale,  421,  428,  558 
Fimbria,  527,  531,  535 
Fimbriie  of  Fallopian  tuln%  1120,  1124, 
Fimbrio-dentate  sulcus,  527 
Fingers,  bones  of,  197,  206 

movements  of,  335 
Finger-cells,  729 
Fissura  antitragolielicina,  701 

prima  of  rliinenceplialoii,  554 

vestibuli,  715 
Fissure  or  Fissures,  auricula)-,  112 

calcarine,  523,  524,  525,  534 

calloso-margiual,  518 

of  cerebellum,  468 

of  cereljrum,  511,  513 

cliorioidal,  699 

choroidal,  535,  555,  563 

collateral,  517,  518,  537 

complete,  512 

of  cord,  422,  427,  438 

deutate,  527,  528,  535 

of  ductus  veiiosus,  1062,  1064 

Glaserian,  110,  111,  706 

great  horizontal,  of  cerebellum,  468 

longitudinal,  of  cerebrum,  438,  511,  554 

hijipocampal,  555 

incom])lete,  513 

interlo])ar,  513 

of  lung,  938 

of  medulla,  446 

])ali)el)ral,  695 

l)arallel,  1 160 

parieto-occipital,  517,  1160,  1161 

external,  517,  523 

internal,  517,  523  . 
])erpendicular,  external,  522,  555 
l)etro-basilar,  115 
petro-occipital,  160 

1)  etro-squamous,  115 
petro-tvmi)anic,  706 
iwrtal,'l063,  1064 

2)  tervgo-niaxillarv,  152,  153 
of  Rolando,  516,  1161,  1162 

amrectant  gyii  of,  517 
develoj)ment  of,  517,  522 
of  Santorini,  701 

sphenoidal,  120,  121,  144,  146,  165 
spheno-maxillarv,  121,  127,  132,  146,  150, 

151,  153,  157,  "l59 
spheno-i"ielrous,  159,  160 
of  Sylvius,  512,  513,  1161 

anterior  ascending  ramus  of,  513,  514,  516 

develo2)ment  of,  515 

horizontal  ramus  of,  513,  516 

stem  of,  513 

terminal  piece  of,  513,  521 


Fissure  or  Fissures  of  Sylvius,  vallecula  of,  513 

ti'ansitory,  555 

transverse,  of  biain,  563 
of  liver,  1063,  1064 

tvm])ano-mastoid,  1 1 2 

umbilical,  1064 

\iro-genital,  1 141 
Flagellum,  14 
Flat  bones,  68,  69 
Flechsig,  areas  of,  461 
Flexion,  251 

Flexor  accessorius  muscle,  360,  364 

brevis  digitorum  muscle,  361,  364,  365 
hallucis  muscle,  362,  364 
minimi  digiti  of  foot,  363,  364 
of  hand,  329,  334,  335,  336 
l)ollicis  muscle,  329,  334,  336 
carpi  radialis  muscle,  324,  334,  335,  1207 

ulnaris  muscle,  325,  334,  335 
Cauda;  muscle,  41 1 

longus  digitorum  muscle,  359,  364,  365 
hallucis  muscle,  360,  364,  365 
]iollicis  muscle,  328,  334,  336,  1208 
]irofundus  digitorum  muscle,  326,  334,  335 
sublimis  digitorum  muscle,  325,  334,  335 
Flexures  of  brain,  443 
cephalic,  443 
cervical,  441,  444,  486  ■ 
])ontine,  444 
duodeno-jejmial,  1015,  1020,  1226 
hepatic,  1023,  1032,  1196,  1197,  1227 
sigmoid,  943,  1023,  1034 
si)lenic,  1023,  1033,  1196,  1197,  1227 
Floating  ribs,  94 
Floccular  fossa,  115,  118 
Flocculus,  469 
Footus,  26 
blood  of,  62 

cii'culation  of,  57,  60,  881 
at  different  i)eriods,  62 
estimate  of  age  of,  66 
external  chaiacters  of,  62 
folding  of,  from  blastodermic  vesicle;,  25 
length  of,  65,  66 
membranes  of,  46,  57 
nutrition  of,  60 
Fold,  amnion,  47,  63 

aryteno-ejiiglottideau,  36,  914 
ax'illarv,  1200 

of  Douglas,  403,  1050,  1130,  1221 
genital,  44,  1146 
glosso-epiglottic,  952 
gluteal,  1209 
labio-scrotal,  1146 
medullary,  19 
neural,  63 
perineal,  44 

pharyngo-e])iglottic,  952,  986 

recto-genital,  1050 

recto-uterine,  1130 

recto-vaginal,  1130 

salj^ingo-palatine,  983 

saliiingo-pharviigeal,  983 

utero-vesical,  1130 

vestigial,  of  Marshall,  739,  750 
Folia  of  cerebellum,  470,  474 
1      lingUiB,  954 
j  Folium  cacnminis,  469 
Follicles,  Graafian,  1124,  1125,  1144 

of  hair,  732 

of  Lieberkiihn,  101 1 

lym2)hatic,  861 
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Follicles,  primitive,  of  ovarv,  1144 

of  teeth,  977,  978 
Foiitaiia,  spaces  of,  685 
Fontanelles,  160,  177,  1160 
Foot,  articulations  of,  296 

bones  of,  232,  241 

fasciffi  of,  353 

lymijliatics  of,  869,  870 

iiieclianism  of,  304 

muscles  of,  355,  361,  363 

surgical  anatomy  of,  1217 
Foot-plate  of  stapes,  712 
Foramen  apicis  clentis,  965 

cfficum  of  skull,  102,  124,  164 
of  medulla,  446 

of  tongue,  36,  950,  964,  1156,  1176 
centrale  coclileie,  716 
condylic,  108,  161,  165,  166,  168 
dental,  inferior,  141,  153 
ethmoidal,  101,  146,  164 
of  Husclike,  704 
incisor,  130,  137,  157 
infraorhital,  127,  146,  1172 
intervertehral,  74,  84,  87 
jugular,  114,  160,  165,  168 
lacerum,  160,  164,  165 
magnum,  106,  109,  155,  161,  165,  166 
of  Majendie,  473,  560 
mandibulare,  141,  153 
mastoid,  113,  152,  166 
mental,  139,  1172 

of  Monro,  441,  443,  503,  509,  532,  552 
obturator,  207,  212 
occipital,  106,  109 
optic,  120,  145,  164 

ovale,  of  heart,  60,  62,  742,  743,  880,  889 

of  sphenoid,  121,  123,  152,  159,  165 
palatine,  greatei',  157 

lesser,  138,  158 

jMSterior,  1177 
parietal,  104,  105,  154,  162 
quadratum,  396 
rotundum,  121,  154,  165 
s'acro-sciatic,  214 
of  Scarpa,  130,  157 
sciatic,  great,  283 

small,  283 
singulare  of  cochlea,  717 
spheno-palatine,  138,  154,  168 
spinal,  73,  74,  75,  76,  78,  80 
spinosum,  121,  123,  152,  159,  165 
of  Stenson,  130,  131,  157 
stylomastoid,  114,  161,  162 
supraorbital,  101,  144,  1160 
supratrochlear,  188 
thyroid,  207,  212 
trausversarium,  75 
vertebral,  73,  74,  76,  78,  80 
vertebrarterial,  75,  76,  77,  91 
ofVesalius,  121,  152,  165 
of  Winslow,  999,  1047,  1052,  1057,  1066, 
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Foramina  nervosa,  720 
papillaria,  1085 
sacral  anterior,  81,  84 

posterior,  82 
Thebesii,  742,  743 

venarum  minimarum  cordis,  742,  743 
Forceps  major,  530,  534 
Fore -arm,  fasci?e  of,  321 

lymphatics  of,  868 

muscles  of,  323,  326,  331,  332 


Fore-arm,  superficial  veins  of,  845 

surgical  anatomv  of,  1205 
Forc-bi'ain,  442,  501,  552 

corpora  geniculata  of,  501.    r>ci;  u  ho  Corpora 
geniculata 

ejjitlialamus  of,  .501,  506 

hemispheres  of,  511.    See  alw  Cerelnval  liemi- 
spheres 

]iy])Othalamus  of,  501,  507 

tlialamus  of,  501.    See  also  Thalamus 
Fore-gut,  31,  32,  33,  36,  1055 
Forel,  decussation  of,  498 

Formatio  reticularis,  425,  427,  453,  461,  462, 

464,  488 
Fornix  of  cerebrum,  530 

connexion  witli  liippocampus  majdi-,  531 

development  of,  555 

lyra  of,  531 

pillars  of,  anterior,  507,  508,  531 
jiosterior,  527,  531 

taenia  of,  531 
of  conjunctiva,  696 
jjharvngis,  983 
of  vagina,  11.35,  1233 
Fossa  or  Foss*,  acetabuli,  212 
anterior  jjalatiiie,  130,  157 
antilielix,  700 
■canine,  127,  1172 
cloacal,  44,  1141,  114.3,  1146 
condylic,  108,  161 
coronoid,  188 
cranial,  162 

anterior,  164,  167,  171 

middle,  164,  167,  1170 

posterior,  165,  166 
digastric,  140 
digital,  of  femu]',  218 

of  testis,  1105 
ductus  venosi,  1062,  1064 
duodenal,  inferior,  1018 

sujjerior,  1018 
duodeno-jejunal,  1019,  1226 
ei)igastric,  1186 
femoral,  1084 
floccular,  115,  118 
glanduhe  lachrymalis,  102,  146 
glenoid.  111,  112,  118,  151,  180,  181,  268 
of  helix,  700 
hypotrochanterica,  222 
ileo-cajcal,  1031 
iliac,  210,  213 
incisor,  127,  140 
incudis,  705 
infraspinous,  182,  183 
infratemporal,  152 
inguinal,  external,  1048 

internal,  1048,  1051 

middle,  1048 
intercondvloidea,  220 

tibiffi,  225  , 
intersigmoid,  1036,  1227 
iscliio-rectal,  1231 
jugular,  114,  118,  160,  1168 
of  Landzert,  1019 
for  ligamentum  teres,  217,  222 
mastoid,  1169 
mvrtiform,  127 
nasal,  144,  168,  172,  677 
navicularis,  1121,  1138,  1233 
olecranon,  188 
orbital,  144 
ovalis,  742,  880 
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Fossa  or  Fossae,  ovarica,  1123 

paraduodenal,  1018,  1019 

pararectal,  of  peritoneum,  1039,  1051 

j)aravesical,  1050,  1099 

patellaris,  693 

pituitary,  118,  166,  176 

pterygoid,  122,  158 

pterygo-palatine,  153 

radialis,  187 

retro-csecal,  1031 

retro-colic,  1031 

rliomboidalis,  446,  451 

of  Rosenmuller,  709,  983,  984,  1178 

scaphoid,  122,  158 

spheno-niaxillarv,  153,  154 

subarcuata,  115,  118 

submaxillary,  140,  962 

subscapular,  183 

sujjraspinous,  182 

supratonsillar,  984,  985,  986,  988 

of  Sylvius,  515,  554 

temporal,  103,  150 

triangularis  of  pinna,  700 

for  vena  cava  inferior,  lOGl,  1065 

venai  umbilicalis,  1064 

vesicie  fellea;,  1065 

zygomatic,  152,  159 
Fossula  fenestriie  coclilete,  115,  708 
vestibuli,  717 

inferior,  of  internal  auditory  meatus,  717 

superior,  of  internal  auditory  meatus,  717 
Fountain  decussation,  498 
Fourchette,  1137 
Fourth  ventricle.    See  Ventricle 
Fovea  centralis  retiuie,  689,  692 

inferior  of  fourth  ventricle,  452,  487 

superior  of  fourth  ventricle,  452,  487 

trochlearis,  102,  146 
Foveolw  gastricie,  1009 
Frenula  valvulte  coli,  1027 
Frenulum  epiglottidis,  952 

of  Giacomini,  528 

of  lips,  945 

praeputii  clitoridis,  1137,  1139 

penis,  1115 
veli,  490,  501 
Frenuni  linguce,  947,  955,  1176 
Fretum  Halleri,  879 
Frontal  artery.    See  Artery 

bone,  100,  144,  145,  148,"^  164,  168 

architecture  of,  102 

ossification  of,  103 

sexual  differences  in,  101 

variations  in,  103 
eminences,  100,  172,  1161 
gyri.    See  Gvrus 
lobe,  518 
nerve,  638 
plane,  5 
region,  144 

sinus,  102,  103,  125,  146,  169,  170,  172,  1170 

suture,  144 

vein,  834 
Fronto-marginal  sulcus,  518 
Fronto-nasal  process,  37,  38 
Fronto-pontine  tract,  498,  541,  549 
Froriep,  ganglion  of,  658,  659 
Fundiform  ligament,  354 
Fundus  of  caecum,  1025 

of  stomach,  1001,  1002,  1004,  1197,  1225 

tymjjani,  705 

uteri,  1128,  1234 


Fundus  vesicas,  1092 
Fungiform  pajnllae,  953,  954 
Funicular  process,  1221 
Funiculus  anterior  of  cord,  423 

cuneatus,  423,  432,  437,  449,  453,  455,  456 

gracilis,  423,  432,  437,  449,  453,  455,  456 

lateralis  of  cord,  423 

posterior  of  cord,  423 

of  Rolando,  449,  455 
Furcula,  33,  36,  963 
Furrow,  bicipital,  1202 

nuchal,  1184 

spinal,  1193 

sternal,  1184 

idnar,  193 

Galen,  veins  of,  563,  837 
Gall-bladder,  1058,  1068,  1220,  1225 
development  of,  1073 
duct  of,  1069 
structure  of,  1069 
variations  in,  1069 
Gangliated  cord  of  sympathetic.    See  Cord 
Ganglion  or  Ganglia,  aorti co-renal,  668,  671 
basal,  of  brain,  537 
of  cardiac  plexuses,  748 
cervical,  inferior,  664,  666,  667,  1186,  1196 

middle,  664,  666 

plexuses  of,  670 

superior,  664,  665 

of  uterus,  1133 
ciliary,  639,  659 

development  of,  657 

long  root  of,  638,  639 

short  root  of,  635,  636,  639 

sympathetic  root  of,  639,  666 
coccygeal,  662,  670 
cochlear,  development  of,  658,  659 
cceliac,  671 
of  Gorti,  716,  723 
of  cranial  nerves,  414 
diaphragmatic,  580,  671 
of  Froriep,  658,  659 
Gasserian,  485,  637,  657,  659,  660,  666 
geniculate,  484,  645,  657,  659,  658,  660 
habenulaj,  506 
impar,  662,  670 
interpedunculare,  498,  506 
jugular,  of  ninth  nerve,  648,  658,  659 

of  vagus,  649,  650 
lenticular,  639 
lumbar,  669 
of  Meckel,  641,  657 
mesenteric,  superior,  672 
nodosum,  649,  650 
olfactory,  656,  661 
otic,  644,  665 

develo])ment  of,  657 
petrous,  648,  658,  659 
of  root  of  vagus,  649,  650,  655,  659 
sacral,  670 
of  Scarpa,  723 
semilunar,  668,  670,  671 

of  fifth  nerve,  637 
spheno-palatine,  641 

development  of,  657 
spinal,  414,  566,  663 

cells  of,  566,  663 

develo])ment  of,  619 
spinal  accessory,  566 
s])irale  cochleae,  647,  716,  723 
splanchnic,  great,  668 
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Ganglion  or  Ganglia,  submaxillary,  643, 645, 665 
sympathetic,  414,  662 
cells  of,  662 
collateral,  662,  673 
development  of,  673 

gray  rami  of.    See  Rami  communicantes 
terminal,  662,  673 
thoracic,  667 

central  branches  of,  668 
first,  664 

peripheral  branches  of,  668 
plexuses  of,  670 
of  trunk  of  vagus,  649,  650,  658,  659 
vestibular,  647,  658,  659 
of  Wrisberg,  652 
Ganglionic  layer  of  retina,  690 
Gasserian  artery,  766,  770 
depression,  165 

ganglion,  485,  637,  657,  659,  660,  666 
Gastric  artery.    See  Artery 

impression  of  liver,  1063 

lymphatic  glands,  871 

veins,  859,  1010 
Gastrocnemius  muscle,  358,   363,   364,  1216, 
1217 

Gastro-colic  omentum,  999 
Gastro-duodenal  artery,  800 
Gastro-epiploic  artery,  800,  1009 

veins,  858,  859,  1010 
Gastro-hei^atic  omentum,  999,  1066 
Gastro-phrenic  ligament,  1007,  1049 
Gastro-splenic  omentum,  999,  1007,  1049,  1151, 

1054,  1057 
Gelatinous  marrow,  70 
Gemellus  inferior  muscle,  350,  352,  353 

superior  muscle,  350,  352,  353 
Genial  spines,  140 

Geniculate  bodies.    See  Corpora  geuiculata 
ganglion,  484,  645,  657,  658,  659,  660 

Geuio-hyo-glossus  muscle,  386,  387,  388,  1177 

Genio-hyoid  muscle,  386,  387,  388 

Genital  cord,  1145 

eminence,  43,  65,  1141,  1146 
fold,  44,  1146 

organs,  external,  1104,  1122,  1136,  1146 

ridge,  1144 
Genito-crural  nerve.    See  Nerve 
Genito-urinary  chamber,  43 
Genu  of  corjjus  callosum,  530 

of  facial  nerve,  645 

of  fissure  of  Rolando,  516 

of  internal  capsule,  541 
Germ  cells  of  neural  tul  >e,  619 

enamel,  976 

tooth,  977 
Germinal  area,  18 

cells,  20,  21,  417,  436 

epithelium,  1125,  1144 

layers,  16,  17 

spot,  10 

vesicle,  10,  11 
Giacomini,  frenulum  of,  528 
Gianuzzi,  crescents  of,  958 
Gimbernat,  ligament  of,  401 
Gingiva,  948 
Ginglimus,  249 

Giraldes,  organ  of,  1105,  1140,  1145 
Girdle,  pectoral,  183,  246 

pelvic,  207,  246 
Glabella,  101,  144,  167,  173,  1160,  1172 
Gladiolus,  91 
Glands,  957 


Glands,  acini  of,  958 
acino-tubular,  957 
acinous,  957 
agminated,  1012,  1013 
alveolar,  957 
alveoli  of,  958 

of  Bartholin,  1122,  1139,  1146,  1233 

basement  membrane  of,  958 

of  Bowman,  680 

of  Brunner,  1011,  1019 

buccal,  947 

bulbo-urethral,  1118 

carotid,  1158 

ceruminous,  704,  733 

cervical,  of  uterus,  1133 

ciliary,  733 

coccygeal,  1158 

compound,  957 

of  Cowper,  1104,  1118,  1121,  1146,  1230 

digestive,  943 

ductless,  957,  1149 

duodenal,  1019 

of  Ebner,  727 

Haversian,  287 

intestinal,  1011 

labial,  946,  947 

lachrymal,  697,  1174 

of  Lieberkiihn,  1011,  1023,  1025,  1043 

lingual,  anterior,  956 

of  Littre,  1122 

lymphatic.    See  Lymphatic  glands 

mammary.    See  Mammary  gland 

Meibomian,  695,  696,  1173 

molar,  947 

of  Moll,  696,  733 

of  Montgomery,  1146 

mucous,  958 

olfactory,  680 

palatine,  948,  949 

parathyroid,  1156 

parotid.    See  Parotid  gland 

prffiputial,  1115 

prostatic,  1117,  1120 

racemose,  957 

salivary,  943,  945,  958,  959,  963 
sebaceous,  732,  734 
serous,  958 
simple,  957 
solid,  957 

solitary,  1011,  1012,  1013,  1023,  1025 

structure  of,  958 

sublingual,  760,  962,  963,  1176 

submaxillary.    See  Sulimaxillary  gland 

sudoriparous,  733,  734 

suprarenal,  1152,  1194,  1197 

tarsal,  695,  696 

thymus,  1156,  1158 

thyroid,  1154 

of  tongue,  956 

tubular,  956,  957 

urethral,  1119,  1122 

uterine,  1132,  1133 

of  vestibule,  1138 
Glans  clitoridis,  1139 

penis,  1114,  1146 
Glaserian  fissure,  110,  111,  706 
Gleno-humeral  ligament,  269 
Glenoid  cavity  of  scapula,  180,  181,  268 

fossa  of  temjioral  bone,  111,  112,  118, 
1172 

ligament,  268 
Glisson,  capsule  of,  1065,  1070,  1071 
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(ilol)e  of  eye,  681 
(ilobiilar  process,  38,  39,  6.") 
( tlobiiloid  l)ody,  14,  15 
Ciluuieniliis,  olfactxn'v,  540 

renal,  1087 

of  sweat  glands,  733 

Wolftiaii,  1142 
Glosso-epiglottidean  folds,  913,  952 
Glosso-pliaiyiigeal  nerve.    See  Nervt^ 
Glosso-pharyngens  niusule,  388 
Glottis  respiratoria,  910,  921 

spuria,  916 

vera,  916,  921 

vocalis,  916 
Gluteal  arterv.    .SVc  Ailerv 

cleft,  1197,'  1209 

fold,  1209 

line,  208 

surface,  208 

veins,  851 

Gluteus  luaxiuius  muscle,  347,  352,  353,  373, 
1209 

niedius  muscle,  348,  352,  353,  373 
minimus  muscle,  349,  352,  353,  373 

Gnathic  index,  175 

Golgi,  cells  of,  430,  544 

GoU,  column  of.    See  S])inal  coi-d 

Gonion,  174 

(iowers,  tract  of,  433,  438,  448,  461,  473 
Graafian  follicles,  1124,  1125,  1144 
Gracile  funiculus.    See  Funiculus 
lobule,  470 

nucleus.    See  Nucleus 
Gracilis  muscle,  345,  352,  353 
Granule  cells,  475 

layers  of  retina,  690,  691 
Gray  matter,  central,  of  mid-bi'ain,  492,  508 
of  cerebellum,  470,  474 
of  cerebral  cortex,  513,  542 
cerebro -spinal,  414 
of  cord,  424,  428 

development  of,  436,  437 
of  medulla,  453,  461 
of  optic  tlialamus,  503 
Groin,  1212 

fascia'  of,  337 
Groove,  antero-lateral,  of  medulla,  446 
antero-median,  of  cord,  446 
auriculo-ventricular,  738,  740,  1 1 90 
bicipital,  185,  1200 
carotid,  120,  164 
diga.stric,  113,  161 
for  Eustachian  tube,  120,  159,  160  - 
for  inferior  i)etrosal  sinus,  108,  114,  166 
lachrymal,  128,  129,  134,  147 
for  lateral  sinus,  104,  107,  108,  113,  114,  165, 
166 

medullar)',  19 

for  meningeal  ai'teries,  121,  162,  164,  165,  166, 
168 

nuisculo-spii'al,  186 
niylo-hyoid,  141,  142 
naso-jjharyngeal,  983 
neural,  19,  63 
obturator,  211,  212,  213 
for  occipital  sinus,  166 
CDS02iliageal,  1062 
olfactory,  125,  126,  104 
o2)tic,  119 

for  petrosal  sinas,  114,  160 
for  jjetro-squamosal  sinus,  116 
poi)liteal,  221 


Groove,  postero-lateral,  of  medulla,  447 
])rimitive,  19,  63 
])terygo-])alatine,  122,  138 
sacral,  82 
subclavian,  96 
siibcostal,  95,  97 

for  superficial  petrosal  nerve,  115 

for  superior  longitudinal  sinus,  102,  104,  107 
114,  162 

vertebral,  85,  98 
Gubernaculum  dentis,  978 

testis,  1112 
Gudden,  commissure  of,  491,  510,  635 
Gullet,  988 
Gums,  945,  948 
Gustatory  cells,  726 

hair,  726 

pore,  725 
Gvrns  or  Gvri,  512 

'angular,  521,  523,  1162 

annectant,  deep,  517,  522,  523,  524 

callosal,  526,  527 

central  anterior,  518,  519 
posterior,  522 

cuneate,  525,  523 

cuneo-lingual,  anterior,  524,  525 
posterior,  524,  525 

dentatus,  527 

development  of,  555 

fornicatus,  526 

frontal  ascending,  518,  519,  1162 

inferior,  518,  519,  1161 

middle,  518,  1161 

superior,  518,  519 
geniculi,  530 

liipirocamjial,  526,  527,  528 
lingualis,  525 
marginalis,  520 
occipito-temporal,  525,  526 
orbitalis  anterior,  520 

internus,  520 

posterior,  520 
parietal,  ascending,  521,  522,  1162 

inferior,  521,  523 

superior,  523 
]iostcentralis,  521 

1)  Ostparietalis,  521,  523 
rectus,  520 

subcallosus,  530,  531,  554 
supracallosus,  528,  529,  530 
supramarginal,  521,  523,  1161 
temporal,  526,  1163 

transverse,  525 
uncinate,  528 

Habenula,  commissuT'e  of,  506 

ganglion  of,  506 

perforata,  720 
Higmorrhoidal  arteries.    (SVc  Ai  tery 

nerves,  615 

2)  lexus,  672 

venous,  1046 

veiu.s.    See  Veins 
Hair,  731 

development  of,  (34 

of  embryo,  65,  66 

erector  muscles  of,  733 

follicle  of,  731,  732 

papilla  of,  732 
Hair-cells,  auditory,  718,  719,  721,  722 
Hair-follicles,  731,  732 
t  Hairs,  gustatoiy,  726 
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Hairs,  olfactory,  680 
Haiiistriiig  muscles,  350,  1210 
Hamular  process,  122,  134,  158 
Hanmlus  of  cochlea,  717 

laclirymalis,  134 

lamiiiEe  sjiiralis,  717 

l)t,erygoideiis,  122,  158,  1178 

of  iiiiciforiii  bone,  201 
Hand,  arterial  arches  of,  791 
■  articulations  of,  276 

liones  of,  197 

fasciae  of,  321 

movements  of,  281 

muscles  of,  321,  328 

surgical  anatomy  of,  1205 
Hard  palate,  148,  155,  157,  172,  173,  175 
Hare-lip,  1175 
Hasner,  valve  of,  698 
Hassall,  concentric  corjiuscles  of,  1158 
Haunch -bone,  207 
Haustra  of  colon,  1024 
Haversian  canals,  69 

gland,  287 

systems,  69 
Head,  arteries  of,  756,  899 

bones  of,  99 

fascise  of,  373 

lymphatics  of,  863 

morphology  of,  659 

movements  of,  372,  388 

muscles  of,  374,  413 

myotomes  of,  659 

segmental  characters  of,  177,  659 

surgical  anatomy  of,  1159 

veins  of,  831 
Head-fold  of  embryo,  26,  31 
Heart,  735,  738 

abnormalities  of,  896 

annulus  ovalis  of,  742 

aortic  cusps  of,  745 

orifice  of,  744,  746,  1192 
vestibule  of,  746 

apex  of,  740,  744,  896 

arteries  of.    See  Arteries,  coronary 

auricles  of,  738,  741,  743,  747,  880,  1190 

auriciilar  appendices  of,  741,  743,  879 

auriculo- ventricular  apertures  of,  738,  742, 
743,  744 
groove  of,  738,  740,  1190 

base  of,  739 

capacity  of,  748 

central  tibro-cartilage  of,  744,  747 
chambers  of,  741 
chordaj  tendineEe  of,  745,  746 
columnte  carnese  of,  745,  746 
conus  arteriosus  of,  744 

coronary  sinus  of,  739,  742,  881,  826,  895, 
903 

corpora  Arantii  of,  745 
crista  terminalis  of,  742 
development  of,  60,  63,  875,  878,  879 
endocardium  of,  742,  743,  745,  746,  747 
epicardium  of,  746,  747 
Eustachian  valve  of,  742,  743,  882 
fibrous  rings  of,  745,  746,  747 
foramen  ovale  of,  742,  743,  880,  896 
foramina  Thebesii  of,  742,  743 
fossa  ovalis  of,  742,  880 
infundibulum  of,  744 

interauricular  septum  of,  741,  742,  743,  880, 
896 
sulcus  of,  739 


Heart,  interventricular  septum  of,  744,  746, 
879,  896 

sulcus  of,  738,  740 
lunula  of  valves  of,  745 
lymphatics  of,  748 
margins  of,  741,  1190 
mitral  cusjjs  of,  745 

orifice  of,  743,  745,  1192,  1197 
modei'ator  band  of,  745 
musculi  papillares  of,  745,  746,  747 

pectinati  of,  742,  743 
myocardium  of,  746 
nerves  of,  748 

orifices  of  pidmonary  veins  in,  739,  743 

of  vena^  cavie  in,  739,  742 
pars  memljranacea  septi  of,  746,  896 
primitive,  878 
jnTlmonary,  738 

orifice  of,  744,  745,  1192 

valve  of,  745,  882 
Purkinje's  fibres  of,  746 

relation  of,  to  wall  of  thorax,  740,  741,  744, 
1190 

semilunar  valves  of,  745,  746,  882 
shape  of,  738 
size  of,  747 
structure  of,  746 

sulcus  terminalis  of,  741,  742,  882 

surface  and  surgical  anatomy  of,  1190,  1197 

systemic,  738 

Thebesian  valve  of,  742,  743,  882 

transposition  of,  896 

tricus^jid  orifice  of,  742,  744,  1192,  1197 
valve  of,  744,  882 

trigona  fibrosa  of,  744 

tubercle  of  Lower  of,  742 

veins  of,  742,  743,  748,  826,  895 

venous  valves  of,  881 

ventricles  of,  738,  743,  744,  745,  747 

weight  of,  748 
Helicine  arteries,  1116 
Helicotrema,  717 
Helix,  700 

develoj^nient  of,  42 

fossa  of,  700 

muscles  of,  702 

sj^ine  of,  701 

tail  of,  701 
Helndioltz,  ligamenta  mallei  of,  712 
Hemispheres,  cerebellar,  467 

cerebral,  511.  See  also  Cerebral  liemis])heres 
Henle,  elastic  membrane  of,  736 

layer  of,  732 

loop  of,  1086 
Hensen,  cells  of,  721,  722 

ductus  reuniens  of,  718,  725 

stripe  of,  723 
Hepatic  artery.    See  Artery 

cells,  1072 

cylinders,  1072 

duct,  1068,  1073 

flexure  of  colon,  1023,  1032,  1196,  1197,  1227 

lymphatic  glands,  872 

plexus,  671 

veins.    See  Veins 
Hepato-duodenal  ligament,  1066 
Hepato-gastric  ligament,  1066 
Hepato-renal  ligament,  1049 
Hernia,  339,  340,  1220,  1221 
Hesselliach,  triangle  of,  405,  1220 
Heterodont  dentition,  979 
Hiatus  canalis  facialis,  115 
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Hiatus  Fallopii,  115,  118,  165 
sacralis,  82 

semihmaris,  679,  1175 
Higlnnore,  aiitruiu  of,  130,  148,  168,  169,  679, 

971,  1175 
Higlimori,  corpus,  1105 
Hilus  of  kidney,  1079,  1197,  1227 

of  lung,  936 

of  lynij^liatic  glands,  860 
of  olivary  nucleus,  458,  471 
of  ovary,  1123 
of  spleen,  1150 
of  suprarenal  capsule,  1152 
Hind-brain,  441,  445 
Hind-gut,  31,  32,  43,  1055 
Hip,  surgical  anatomy  of,  1209 
Hip-ljone,  207 
Hip-joint,  285 

movements  at,  288,  352 
nerves  to,  602,  603,  605,  607,  610 
surgical  anatomy  of,  1213 
synovial  membrane  of,  287 
Hippocampal  fissure,  555 

gyrus,  526,  527,  528 
Hippocampus  major,  535 

connexion  witli  fornix,  531 

with  thalamus,  531 
fimbria  of,  531,  527,  535 
olfactory  bundle  of,  531 
pes  of,  535 
tfenia  of,  531 
Histology,  4 

Homodont  dentition,  979 
Homology,  2 

of  limb-bones,  245,  246 

serial,  3 

of  vertebrae,  90 
Homoplasy,  3 
Horner,  muscle  of,  698 
Horse-shoe  kidney,  1087 
Hour-glass  stomach,  1007 
Houston,  valves  of,  1043 
Huguier,  canal  of.  111,  706 
Humeral  artery,  784 
Humerus,  184,  1199,  1200 

architecture  of,  188 

connexions  of,  188 

homology  of,  245 

lower  ejoiphysis  of,  189,  1204 

ossification  of,  188 

surgical  neck  of,  185,  1202,  1203 

upper  epiphysis  of,  189,  1200 

variations  in,  188 
Humour,  aqueous,  683 
Huschke,  foramen  oi',  704 
Huxley,  layer  of,  732 
Hyaloid  artery,  693,  699 

canal,  693,  699 

membrane,  693 
Hyaloplasm,  8] 

Hydatid  of  Morgagni,  1128,  1140 

of  testis,  1105,  1140,  1145 
Hymen,  1135,  1138,  1146 
Hyo-epigiottidean  ligament,  913 
Hyo-glossal  membrane,  956 
Hvo-glossus  muscle,  386,  387,  388 
Hyoid  arch,  34,  35,  41,  413,  660 

artery,  760 

bar,  35,  143 

bone,  142,  1179 
connexions  of,  143 
comua  of,  143,  1181 


Hyoid  bone,  development  of,  35,  36 
movements  of,  387,  391 
ossification  of,  143 
Hyparterial  bronchus,  926,  939 
Hy2)obIast,  17 
Hypocliondrium,  997,  1221 
Hypocliordal  spange,  91 
Hypogastric  artery,  803,  806,  892 
obliterated,  803,  806,  1047 

nerves,  600,  670,  672 

plexus,  670,  671,  672 

region,  1221 

vein,  850 

zone,  997 
Hypogastrium,  997 
Hypoglossal  nerve.    See  Nerve 
Hypophysis  cerebri,  507 
Hyposjiadias,  1144 
Hypothalamus,  501,  553 
Hypsicephalic  skulls,  174 

Ileal  artery,  802 
Ileo-coecal  arterv,  802,  1030 

fold,  1031 

fossa,  1031 

orifice,  1025,  1026,  1027 
valve,  943,  1026,  1197,  1226 

frenula  of,  1027 

structure  of,  1027 
vein,  858 
Ileo-colic  arterv,  802 
fossa,  1031 

lympliatic  glands,  872 
veins,  858 

Ileum,  943,  1014,  1020.    See  also  Intestine 

diverticulum  of,  1022 

structure  of,  1023 

vessels  and  nerves  of,  1023 
Iliac  arteries.    See  Arteiy 

colon,  1023,  1034,  1227 

crest,  207,  1197,  1209 

fascia,  994 

fossa,  210,  213 

lymphatic  glands,  872,  873 

jjortion  of  fascia  lata,  337 

region,  997,  1221 

spine,  anterior  inferior,  207 

superior,  207,  216,  1209,  1212 
posterior  inferior,  207 
superior,  207,  216,  1209 

veins.    See  Veins 
Iliacus  muscle,  343,  344,  352,  353,  373,  405 

minor,  345 
Ilio-capsularis  muscle,  345 
Ilio-coccygeus  muscle,  411 
Ilio-costalis  muscle,  367,  368 
Ilio-femoral  ligament,  286,  288 
Ilio-hypogastric  nerve,  598,  600 
Ilio-inguinal  nerve,  599,  600 
Ilio-lumbar  artery,  805,  902 

ligament,  282 
inferior,  283 

vein,  850 
Ilio-pectineal  eminence,  210 

line,  210,  213,  217 
Ilio-psoas  muscle,  343,  353,  1214 
Ilio-.sacralis  muscle,  411 
Ilio-sciatic  notch,  208 
Ilio-tibial  band,  338,  340,  348,  1215 
Ilio-trochanteric  ligament,  286 
Ilium,  207,  214,  216,  246 

crest  of,  207,  1197,  1209 
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Ilium,  spinef?  of,  207,  216,  1209,  1212 
Incisive  arteiy,  767 

lumdle,  inferior,  377 
superior,  377 

centre,  131 

fossa,  127 

pad  of  palate,  948,  949 
Incisor  crest,  130 

foramen,  130,  157 

fossa,  140 

nerve,  644 

teeth,  965,  967,  972 
Incisura  acetabuli,  210,  212 

cardiaca,  937 

cerebelli  anterior,  468 
posterior,  468 

ethmoidalis,  101 

intertragica,  700 

parietalis,  112 

temporalis,  517,  518,  525,  527 

tentorii,  490,  558 

terniinalis  amis,  701 

thyroidea,  908 
Incremental  lines  in  dentine,  974 
Incudo-malleolar  joint,  712 
Incudo-stapedial  joint,  712 
Inciis,  711 

articulations  of,  712 

development  of,  35,  713 

ligaments  of,  712 

movements  of,  713 

processus  lenticularis  of,  712 
Index,  alveolar,  175 

auricular,  701 

cephalic,  173 

dental,  176 

facial,  superior,  174 
total,  174 

gnathic,  175 

nasal,  175,  675 

orbital,  175 

palato-maxillary,  175 

vertical,  of  skull,  174 
Infra-axillary  region,  1184 
Infraclavicular  lymphatic  glands,  867 

region,  1184 
Infracostal  angle,  1220 

muscles,  394,  397 

plane,  1220,  1221,  1223 
Infraglenoid  impression,  181 
Infrahyoid  muscles,  383,  387,  397 
Inframammary  region,  1184 
Inframandibular  nerve,  647 
Infraorbital  artery,  767 

canal,  127,  128,  130,  146,  172 

foramen,  127,  146,  1172 

margin,  127 

nerve,  640 

plexus,  641,  646 

vein,  835 
Infrapatellar  Inirsa,  290 

fat-pad,  293 
Infrascapular  artery,  784 
Infraspinatus  muscle,  316,  317 
Infraspinous  fossa,  182,  183 
Infrasternal  depression,  92 

notch,  1186,  1220 

region,  1184 
Infratemporal  crest,  122,  150,  151,  152 

fossa,  152 

nerve,  639 
Infuudibuliform  fascia,  398,  404,  1112 


Infundibulo-pelvic  ligament,  1234 
Infundibulum  of  brain,  440,  507,  510,  553 

ethmoidale,  125,  147,  168,  170,  171 

of  Fallopian  tube,  1126 

of  heart,  744 

of  nose,  679 

of  pulmonary  lobules,  940,  942 
renal,  1088 
Inguinal  canal,  403,  1107,  1220 
fossa,  external,  1048 

internal,  1048,  1051 

middle,  1048 
glands,  868 

hernia,  401,  405,  1220,  1221 
region,  997 
Iniou,  150,  167,  173,  1160 

Innominate  arterv,  755,  756,  883,  892,  898, 

899,  1180,  1192 
bone,  207 

architecture  of,  213 

connexions  of,  212 

homology  of,  246 

ossification  of,  213 

variations  in,  213 
vein.    See  Vein 
Insertion  of  muscles,  306 
Inspiration,  313,  317,  397 
Insula  Reilii,  514 
Integument,  727 
Interarticular  discs,  260 

fibro-cartilages,  250,  252,  266,  267,  274,  283, 

292 

ligaments,  250,  252,  262,  264,  287 
Interbrain,  441,  442,  501,  552 
Intercavernous  sinuses,  840 
Intercentral  articulations,  253 
Interchondral  joints,  263 
Interclavicular  ligament,  266,  267 
Intercoccygeal  joints,  256 
Intercolumnar  fascia,  401,  404,  1112 
Intercondylic  fossa,  225 

notch,  220 
Intercostal  aponeuroses,  393 

arteries.    See  Artery 

lymphatic  glands,  874 

muscles,  393,  397 

nerves,  593,  594,  595,  596,  1221 

spaces,  98 

veins.    See  Veins 
Intercosto-humeral  nerve,  593,  594,  631 
Intercuneiform  joints,  301 
Interdigital  veins  of  foot,  855 

of  hand,  845 
Interglobular  spaces  of  dentine,  974- 
Intermaxillary  jirocess,  39 

suture,  129,  147 
Intermediate  cell-mass,  25,  30 

visceral  arteries,  889,  891 
Intermedium,  os,  245 
Intermetacarpal  articulations,  279,  281 
Intermetatarsal  articulations,  303 
Intermuscular  sejjta  of  arm,  318 
of  foot,  355,  1219 
of  leg,  354 
of  thigh,  338,  1210 
Internal  capsule.    See  Capsule 

ear,  714.    See  also  Labyiinth 
Internasal  suture,  134 
Interneural  articulations,  253,  255 
Interolivary  stratum,  459 
Interosseous  arteries.    See  Arteiy 

groove,  of  astragalus,  233 
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Interosseous  groove  of  os  calcis,  236 
liganieiils,  calcaueo-mihoid,  300 
'carpal,  277,  278 
carpo-metacarpal,  279 
cubo-cuneilbnu,  301 
cuneo-iuetatarsal,  302 
intercuneiform,  301 
intermetatarsal,  303 
scaplio-cuboid,  300 
lalo-calcaneal,  29!) 
tibio-tilmlar,  295 
nienil)raue  of  forearm,  27.") 
of  leg,  295 

of  foot,  3G3,  364,  365 

muscles  of  hand,  329,  330,  334,  335,  336 

nerves.    See  Nerves 

ridge  of  fibula,  229 
of  tibia,  226 

veins  of  Land,  845 
Interimrietal  bone,  109,  110 

sulcus,  521,  522 
Interpeduncular  ganglion,  498,  506 

space,  440,  443 
Interplialangeal  joints  of  font,  303,  304,  365 

of  hand,  280,  1206,  1207 
Interpleural  space,  927,  932 
Interpubic  lamina,  283 
Interscapular  region,  1193 
Intersegmental  vessels,  888 
Intersigmoid  fossa,  1036,  1227 
Interspinales  muscles,  371,  372 
Interspinous  ligaments,  255 
Intertarsal  joints,  298,  301 
Intertransversales  muscles,  371,  372 
Intertransverse  ligaments,  256 
Intertrochanteric  lines,  218 
Intertubercular  line,  997 

plane,  997,  1221,  1223 
Interventricular  groove,  738,  740 
Intervertebral  discs,  253 

foramen,  74,  84,  87 

groove,  74 

notch,  74,  75,  78,  79,  80 
Intestinal  arteries,  802,  1023 
lymphatic  trunk,  863 
veins,  858 
Intestine,  1010 

agminated  glands  of,  1012,  1013 
basement  membrane  of,  1011 
Brunner's  glands  of,  1011,  1019 
develo])ment  of,  1054,  1056 
epithelium  of,  1011 
large,  943,  1023,  1196 

divisions  of,  1023.    Sec  also  Ciecum,  Colon, 

Rectum 
nerves  of,  1025 
structui'e  of,  1025 
vessels  of,  1025 
Lieberkiihn's  glands  of,  1011,  1023,  1025, 
1043 

mucous  memlirane  of,  1010,  1020,  1023,  1025, 
1042 

muscular  coat  of,  1010,  1011,  1019,  1023, 

1024,  1036,  1038,  1042 
muscularis  niucoscc  of,  1011 
Fever's  i)atches  of,  1012,  1013,  1022,  1023 
retiform  tissue  of,  1011 
serous  coat  of,  1010,  1019,  1023,  1025 
small,  943,  1014,  1226 
coils  of,  1022 

divisions  of,  1014.     See  also  Duodenum, 
Jejunum,  Ileum 


Intestine,  small,  duodeno- jejunal   lie.xure  of, 
101.5,  1020,  1226 
lacteals  of,  1023 
Meckel's  diverticulum  of,  1022 
mesentery  of,  1014,  1020 
nerves  of,  1020,  1023 
vessels  of,  1023 
solitary  glands  of,  1011,  1012,  1013,  1023 
structure  of,  1010,  1019,  1025,  1042 
sulmuicous  coat  of,  1010,  1011,  1019,  1023, 
1042 

I      sui'gical  anatomy  of,  1226 
1      valvulie  conniventes  of,  1012,  1019,  1022, 
1023 

Intrajugular  ])roc.ess,  108 
Inversion  of  foot,  304,  364 
Iris,  682,  687,  688,  689,  1173 
blood-vessels  of,  688 
ligamentum  pectinatum  of,  685 
nerves  of,  639,  689 
]iupil  of,  687 
'      pujiillary  border  of,  688 
membrane  of,  688 
li'regular  tubules  of  kidnev,  1086 
i  Ischial  spine,  210,  214,  21.5,  1210 
I      tuberosity,  210,  215,  1209 
I  Lschio-bulbosus  muscle,  407 
I  Iscliio-capsular  ligament,  287,  288 
\  Ischio-cavernous  muscle,  407,  409 
I  Ischio-coccygeus  muscle,  412 
Ischio-pubicus  muscle,  408 
Ischio-rectal  fossa,  1231 
Ischium,  207,  210,  214,  246 
spine  of,  210,  214,  215,  1210 
tuberosity  of,  210,  215,  1209 
Isthmus  of  auditory  meatus,  703 
!      of  brain,  441 
I      of  callosal  gyrus,  526,  527 
cartilaginis  auris,  701 
of  Eustachian  tube,  709 
of  Fallopian  tube,  1126 
of  fauces,  943,  94.5,  948,  1177,  1196 
of  limbic  lobe,  526 
pharpigo-nasal,  982,  984 
of  ])haryu.x,  948 
rhombencejihali,  441 
of  thyroid  gland,  1154,  1180 
Iter  cliord;e  anterius,  645 
l)osterius,  645 

Jacobson,  nerve  of,  648 

organ  of,  40,  678 
Jaw,  alveoli  of,  124,  140,  966,  977,  978 
lower,  139,  148 
angle  of,  140,  1172 
l)odv  of,  139,  1172 
condyle  of,  141,  1172 
coronoid  ])rocess  of,  141,  1172 
movements  of,  383 
ramus  of,  140,  1172 
upper,  127 

Jejunum,  94.3,  1014,  1020.    See  also  Intestine 

structure  of,  1023 

vessels  and  nerves  of,  1023 
Joints,  247 

acromio-clavicular,  266,  267,  1199 

am])hiarthrodial,  248,  249,  252 

ankle,  296,  1217 

arthrodial,  249 

astragalo-scaphoid,  299,  1219 
j      atlo-axial,  257,  2.59,  372 

of  auditory  ossicles,  712 
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Joints,  ball-and-socket,  249,  251 
biaxial,  249 

calcaneo-astragaloid,  298,  1218 
calcaneo-cuboi<l,  300,  1218 
capsule  of,  250 
cari^al,  276,  281 
carpo-metacarpal,  279 
classification  of,  247 
of  clavicle,  265 
condyloid,  249 
costo-central,  261 
costo-chondral,  263,  1186 
costo-sternal,  263 
costo-transverse,  262 
costo-vertebral,  261 
crico-arytenoid,  912 
cri co-thyroid,  911 
cubo-cuneiform,  301 
development  of,  261 
diarthrodial,  248,  249,  252 
elbow,  271 
enarthrodial,  249 
of  foot,  296 

nerves  of,  609,  611,  612,  613 
hinge,  249 
hip,  285 

immovable,  247,  262 
incudo-nialleolar,  712 
incudo-stapedial,  712 
intercentral,  253 
interchondral,  263 
intercoccygeal,  256 
intercuneiform,  301 
intermetacarjjal,  279,  281 
intermetatarsal,  303 
interneural,  253,  255 
interphalangeal,  of  foot,  303,  304,  365 

of  hand,  280,  1206,  1207 
intertarsal,  298,  301 
knee,  288 
of  larynx,  911 
of  lower  extremity,  285 
lumbo-sacral,  281 
metacarpo-phalangeal,  280,  1206 
metatarso- phalangeal,  303,  304,  364,  1218, 
1219 

movable,  248,  252 
movements  at,  251 
multiaxial,  249,  251 
occipito-atloid,  258,  372 
of  pelvis,  281 
pisi-cuneiform,  278 
radio-carpal,  275,  276,  1205 
radio-humeral,  271,  1204 
radio-ulnar,  inferior,  274 

superior,  273 
rotatory,  249,  251 
sacro-coccygeal,  256 
sacro-iliac,  282,  1209 
scapulo-clavicular,  266 
shoulder,  268 

of  spine  with  cranium,  258 
sternal,  264 

sterno-clavicular,  265,  267,  313 
structures  forming,  249 
synarthrodial,  247,  249 
talo-scaphoid,  299,  304,  1219 
tarsal,  298,  304 
tarso-metatarsal,  302,  1218 
temporo-mandibular,  259 
temporo-maxillary,  259,  1166 
of  thorax,  261 

80 


Joints,  tibio-fibular,  inferior,  295,  364 
superior,  294,  364 

transverse  tarsal,  300 

uniaxial,  249 

of  upper  extremity,  265 

wrist,  movements  at,  335 

xiphisternal,  264,  1184,  1197,  1223 
Jugal  point,  174 

Jugular  foramen,  114,  160,  165,  168 
:      fossa,  114,  118,  160,  1168 
ganglion.    See  Ganglion 
lymphatic  trunk,  863 
notch,  108 

process,  108,  157,  161 
tubercle,  108 
veins.    See  Veins 
primitive,  884,  886 
Junctional  tubules  of  kidney,  1086 

Karyokinesis,  9 
.  Karyoplasm,  8 
I  Keratin,  729 

Kerkring,  ossicle  of,  110 
I  Kidney,  1079 

anterior  suiface  of,  1083 

arete  cribroste  of,  1085 

arteries  of,  1087 

calyces  of,  1088,  1142 

capsula  adiposa  of,  1229 

capsule  of,  1079 

columns  of  Bertin,  1086 

cortex  of,  1086 
!      development  of,  1140,  1142 

dimensions  of,  1079 

duct  of,  1088 

extremities  of,  1085 

foramina  papillaria  of,  1085 

gastric  impression  of,  1085 

glomeruli  of,  1087 

hepatic  impression  of,  1085 

hilus  of,  1079,  1197,  1227 

horse-shoe,  1087 

intermediate  zone  of,  1086 

labyrinth  of,  1086 

lobes  of,  1086 

Malpighian  corjjuscles  of,  1086,  1142 

medulla  of,  1086 

medullary  rays  of,  1086 

nerves  of,  1087 

outer  border  of,  1083 

pai^illse  of,  1085 

pelvis  of,  1088,  1140,  1142 

perirenal  fat  of,  1194 

position  of,  1079 

posterior  surface  of,  1081 

p)rimitive,  30 

pyramids  of,  1086 

relations  of,  1081,  1083 

sinus  of,  1079,  1085 

splenic  impression  of,  1085 

surface  impressions  of,  1082,  1084 

surgical  anatomy  of,  1194,  1197,  1227 

tubules  of,  1086,  1140,  1142 

ureter  of,  1088,  1140,  1142 

variations  in,  1087 

vasa  aff'erentia  of,  1087 

efferentia  of,  1087,  1140 
veins  of,  1087 
Knee-joint,  288 

InirsiB  connected  with,  293 
fibro-cartilages  of,  292,  1214,  1215 
ligaments  of,  289 
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Knee-joint,  lympliatics  of,  870 

movements  at,  293,  353 

nerves  of,  602,  603,  604,  607,  608,  610 

surgical  anatomy  of,  1214 

svnovial  membrane  of,  293,  1215 
Knuckles,  1206 
Kohlrauscli,  valves  of,  1043 
Krause,  en(l-bull)s  of,  730 

valve  of,  698 

Labia  majora,  1122,  1136,  1146 

minora',  1122,  1137,  1146 

oris,  946 
Labial  arterv,  761,  809 

glands,  946,  947 

nerves,  641 

tubercle,  946 
Labio-scrotal  folds,  1146 
Labium  tympanicuni,  720 

vestibulare,  720 
Labruni  glenoidale,  286 

LabyrintTi,  auditory,  714  ;  auditory  nerve  in, 
723  ;  blood-vessels  of,  724  ;  cochlea  of,  714, 

716,  719  ;  development  of,  724  ;  endolvnij)]! 
of,  717;  liair-cells  of,  718,  719,  721,'  722  ; 
membranous,  715,  717 ;  organ  of  Corti  of, 
720,  721;  osseous,  116,  714,  715;  otoconia 
•of,  719;  ])erilynip]i  of,  717;  sacctile  of,  717, 
718;  saccus  endolymphaticus  of,  718;  semi- 
circular canals  of,  714,  715,  719;  utricle  of, 

717,  718;  vestibule  of,  714,  715 
Labvrintli  of  ethmoid,  125 

of  kidney,  1086 
Lachrymal  apiparatus,  697 

surgical  anatomy  of,  1174 
artery,  771 

bone"  100,  134,  147,  168 

<anals,  129,  697,  699 

canaliculi,  1174 

caruncle,  1174 

crest,  129,  134,  147 

duct,  697 

fossa,  102,  146 

gland,  697,  1174 
inferior,  697 
orbital  portion  of,  697 
jialpebral  portion  of,  697 
superior,  697 

groove,  128,  129,  134,  147 

nerve,  637 

jjapilL-e,  695,  697 

process,  135 

l^uncta,  697 

sac,  697,  699,  1174 
development  of,  39 
Lacteals,  1023 
Lactiferous  ducts,  1147 
Lacuna;  of  bone,  69 

laterales  of  longitudinal  sinus,  561,  840 

uretlirales,  1121 
Lacus  Jacrinialis,  695 
Lagena  cochleie,  719 
Lambda,  154,  155,  174,  1160 
Lambdoid  ligament,  354 

suture,  104,  108,  148,  154,  155,  1160,  1162 
Lamellae,  cutaneous,  28,  29 

interstitial,  69 

fundamental,  69 

osseous,  69 

Lamina  or  Laminae,  alar.    >S'««  Neuial  tube 
ba.sal.    See  Neural  tul^e 
basalis  of  choi'ioid,  685,  686 


Lamina  or  Lamina-,  clioi'io-capillai'is,  686 
cinerea,  508,  553 
cribrosa,  115,  126 
inferior,  716 
sclei  .ie,  683 
dental,  976 
elastic,  of  cornea,  684 
fibro-cai'tilaginea  intej'])ul)ica,  283 
fusca,  683 
lateralis,  1.58 

processus  ptervgoidei,  122,  152 
I      medialis,  158  ' 
I         processus  2)terygoidei,  122 
[      medullary  external,  501,  503 
'         internal,  503 
nasal,  39 

(juadrigemina,  548 

I'eticularis,  721,  723 

spiralis  ossea,  715,  716,  717,  720 

seciuidaria,  715,  717 
suprachorioidea,  685 
tei'minalis,  443 

vertebral,  74,  75,  77,  78,  80,  82 

vasculosa  of  chorioid,  686 
)  Landzert,  fossa  of,  1019 
!  Lanugo,  734 

Laryngeal  ai'teries.    iSV*-  Ai  lei  y 
'      nerves.    See  Nerves 
i  Larynx,  907 

action  of  muscles  oi',  920 
j      aryteno-epiglottidean  folds  of,  914 

blood-vessels  of,  921 
1      cartilages  of,  908,  941 

crico-tliyi'oid  mend)i-ane  of,  912 

cuneiform  tuliercle  of,  914 

in  deglutition,  921 

development  of,  34,  36,  941 

(q)ithe]ium  of,  918 

filtrum  ventriculi  of,  915 

genera]  construction  of,  908 

glottis  res])iratoi-ia  oi',  916,  921 
spuria  of,  916 
vera  of,  916 
vocalis  of,  916 

growth -alterations  of,  921 

interior  of,  914,  922 

joints  of,  911 

iaryngoscopic  examination  of,  922 
ligaments  of,  911,  912 
mucous  glands  of,  918 

membrane  of,  917 
muscles  of,  918 

nerves  of,  921.    See  aho  Nerves,  laryngi 

jjosition  and  ixdations  of,  907 

saccule  of,  917 

sexual  difl'erences  in,  921 

sinus  of,  914,  917 

subhyoid  bursa  of,  912 

su])erior  a])erture  of,  914 

tuliercle  of  Santorini  of,  914 

luberculum  epiglotti(uim  of,  915 

vestibule  of,  915 

vocal  cords  of,  false,  914,  915 

true,  914,  916,  918,  920,  1196 
Lateral  angle,  inferioi',  of  sacrum,  84 
fold,  26,  48 

ligaments  of  aid'cle,  296,  297 
of  elbow,  272 
of  jaw,  374 
of  knee,  290,  1215 
of  liver,  1048 
of  patella,  289 


INDEX. 


1267 


Lateral  ligaments  of  M'rist,  275,  276,  278 

line,  organs  of,  659 

mass  of  atlas,  75 

of  ethmoid,  124,  125,  172 
of  sacrum,  81,  83,  90 

plates,  mesodermic,  24,  29 

sinuses,  venous,  841,  894,  904,  1169,  1170 

ventricles.    See  Ventricle 
Latissimus  dorsi  muscle,  307,  313,  317,  373, 

397,  1193 
Laxator  tympani  :nuscle,  712 
Layers  of  blastoderm,  16,  17 

germinal,  16,  17 

of  Rauber,  17 

scleratogenous,  28 
Leg,  development  of,  45,  65 

fascite  of,  353 

intermuscular  septa  of,  354 

lymphatics  of,  870 

muscles  of,  355,  357,  363 

surgical  anatomy  of,  1215 
Lemniscus,  457.    See  also  Fillet 
Lens,  683,  693 ;  axis  of,  694  ;  capsule  of,  693  ; 

cortical  substance   of,  694 ;  curvatures  of, 

694;   development   of,    661,  698,  699;  at 

different  ages,  694  ;  epithelium  of,  694,  699  ; 

equator  of,  694  ;  fibres  of,  694,  699  ;  laminte 

of,  694  ;  nucleus  of,  694  ;  ]ioles  of,  694  ;  radii 

of,  694  ;  refractive  index  of,  694  ;  susjiensory 

ligament  of,  693  ;  vascular  tunic  of,  699  ; 

vesicle,  698,  699 
Lenticular  ganglion,  639 

nucleus,  537 

paj)illai,  953 

process,  712 
Lenticulo-optic  artery,  772 
Lenticulo-striate  artery,  772 
Lej^toprosope  skulls,  174 
Lej^torhine  skulls,  175,  675 
Levator  anguli  oris  muscle,  377,  378 
scapult'e  muscle,  309,  313,  372 

ani  muscle,  411,  412,  1045 
action  of,  1045 

cushion,  983 

glandulce  thyreoideae,  385,  1155 
labii  suj)erioris  muscle,  377,  378 

alieque  nasi,  377,  378 
menti  muscle,  377,  378 
palati  muscle,  390,  391 
palpebraj  superioris  muscle,  379,  380 
prostatse  muscle,  411 
Levatores  costarum  muscles,  393,  397 
Lieberkiilm,  glands  of,  1011,  1023,  1025,  1043 
Lieno-renal  ligament,  1049,  1057,  1151 
Ligaments,  248,  249,  252  ;  acromio-clavicular, 
266;  adventitious,  253;  alar,  259,  293;  of 
ankle-joint,  296;   annular,  of  ankle,  354; 
annular,  of  stapes,  707,  713 ;  annular,  of  wrist, 
322,  1205  ;  arcuate,  395  ;  arcuate,  of  pubis, 
284;    astragalo- calcaneal,   298;  astragalo- 
scaphoid,  299  ;  atlo-axoid,  257  ;  of  auditory 
ossicles,  712  ;  of  Bigelow,  286  ;  of  bladder, 
1050, 1099, 1100, 1101 ;  broad,  of  uterus,  1050, 
1130,  1234;  calcaneo-cuboid,  300,  304;  cal- 
caneo-fibular,  297 ;  calcaneo-metatai'sal,  355  ; 
calcaneo-scaphoid,  299,  304,  1219  ;  calcaneo- 
tibial, 297  ;  of  carpal  joints,  277  ;  carpo-meta- 
carpal,  279  ;  check,  259  ;  common,  anterioi', 
of  spine,  255  ;  common,  posterior,  of  spine, 
255  ;  conjugal,  of  ribs,  262  ;  conoid,  266,  267  ; 
coraco-acromial,  267  ;  coraco-clavicidar,  266  ; 
coraco-glenoid,  269 ;  coraco-l)umeral,269,  312  ; 


coronary,  292,  1048,  1065,  1066 ;  costo-colic, 
1033  ;  costo-coracoid,  310  ;  costo-sternal,  263, 
264  ;  costo -transverse,  262,  263  ;  costo-verte- 
bral,  261  ;  costo -xiphoid,  264  ;  cotyloid,  286  ; 
crucial,  of  atlas,  259 ;  crucial,  of  knee,  291  ; 
cubo-cuneiform,  301  ;  deltoid,  297  ;  of  elbow- 
joint,  271;  epigiottidean,'913  ;  falciform,  of 
'liver,  1048, 1056, 1063, 1065, 1066, 1073, 1224 ; 
falciform,  of  saphenous  opening,  338,  340  ; 
fundiform,  354;  gastro-phrenic,  1007,  1049  ; 
of  Gimbernat,  401;  gleno -humeral,  269; 
glenoid,  268;  glosso  -  epiglottidean,  913; 
hepato-gastric,  1066  ;  hepato-renal,  1049  ;  of 
hip-joint,  286  ;  hvo-ejaigiottidean,  913  ;  ilio- 
femoral, 286,  288;  ilio-lumbar,  282,  283; 
ilio-trochanteric,  286  ;  of  incus,  712,  713  ;  in- 
fundibulo- pelvic,  1234;  interarticular,  250, 
252,  262,  264,  287  ;  interchondral,  263  ;  inter- 
clavicular, 266,  267  ;  intercuneiform,  301  ; 
intermetatarsal,  303  ;  interosseous,  277,  278, 
279,  295,  299,  300,  301,  302,  304;  inter- 
spinous,  255  ;  intertransverse,  256  ;  ischio- 
capsular,  287,  288  ;  of  knee-joint,  289,  290  ; 
lambdoid,  354;  of  larynx,  911  ;  lieno-renal, 
1049, 1057, 1151  ;  of  Lisfranc,  1218  ;  of  liver, 
1048,  1066;  lundjo-costal,  263;  lumbo-sacral, 
281  ;  malleolar,  295  ;  of  malleus,  712  ;  meta- 
carpo-phalangeal,280;  metatarso-phalangeal, 
303  ;  morphology  of,  253  ;  oblique,  275  ;  occi- 
Ijito-atloid,  258 ;  occipito-axoid,  258 ;  odontoid, 
259;  orbicular,  274;  orliito-tarsal,  1174;  of 
ovary,  1124,  1130;  palpebral,  696,  1174;  of 
patella,  289  ;  338,  343,  354,  1214  ;  of  peri- 
toneum, 1000  ;  phreno-colic,  1033,  1054  ;  of 
pinna,  702  ;  pisi-metacarpal,  278  ;  pisi-unci- 
form,  278;  plantai',  300;  of  Poupart,  400, 
1212  ;  pterygo-spinous,  261,  374  ;  pubic,  284; 
pubo-capstdar,  287  ;  pubo-femoral,  287,  288  ; 
pubo-prostatic,  410, 1101 ;  pyloric,  1008 ;  radio- 
carjjal,  274,  275  ;  rhomboid,  266,  267  ;  round 
of  liver,  858,  885, 1066  ;  round  of  uterits,  1131, 
1234,  sacro-coccygeal,  256  ;  sacro-iliac,  282  ; 
sacro-sciatic,  great,  283 ;  sacro-sciatic,  small, 
283  ;  scai^ho-cuboid,  300  ;  scapho-cuneiform, 
301;  of  scapula,  267  ;  of  shoulder -joint,  268  ; 
spheno-mandibular,  35,  260 ;  spino-glenoid, 
267  ;  spiral  of  cochlea,  720  ;  of  stapes,  713  ; 
stellate,  261  ;  sterno-clavicttlar,  265,  267  ; 
sterno-costal,  264  ;  sterno-pericardial,  748  ; 
stylo-hvoid,  35,  261  ;  stylo-mandibular,  261, 
374,  960  ;  subpubic,  284  ;  suprascapidar,  267  ; 
sujjraspinous,  256 ;  suspensory,  of  clitoris, 
1139  ;  suspensory,  of  lens,  693  ;  suspensory,  of 
ovary,  1124  ;  susjjensorv,  of  penis,  1115, 1121  ; 
talo-calcaneal,  298,  299  ;  talo-filmlar,  297  ; 
talo-tibial,  297  ;  tarsal,  of  eyelids,  695,  698  ; 
tarso-melatarsal,  302  ;  temporo-mandibular, 
259,  260;  thyro  -  arytenoid,  913;  thyro - 
epiglottidean,  914  ;  tliyro-hyoid,  912  ;  tibio- 
fibular, 294,  295  ;  tibio -navicular,  297  ; 
transverse,  of  acetabulum,  286  ;  transverse,  of 
atlas,  257,  259 ;  transverse,  liumeral,  269  ; 
transverse,  of  knee,  292  ;  transverse,  meta- 
carpal, 279,  280,  323  ;  transverse,  metatarsal, 
303,  355 ;  transverse,  ])erineal,  284 ;  trapezoid, 
266,267 ;  triangular,  of  liver,  1066 ;  triangular, 
of  perineum,  28,4, 409 ;  of  tympanic  mendjrane, 
706;  utero-sacral,  1130;  of  uterus,  1050, 
1130;  vaginal,  323,  355;  of  vertebral  column 
and  skull,  253 
Ligamentum  or  Ligameuta,  accessoiia,  303,  326, 
327,  359 
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Ligamentum  or  Ligaraenta,  apicis  dentis,  259 
brevia,  326,  327,  359 
denticulatum,  421,  560,  564 
jugale,  912 

labyrintLi  canaliculoruiii,  719 
latum  pulmonis,  929,  933 
louga,  326,  327,  359 
mucosum,  293 
iiuclia3,  256 
pectinatum  iridis,  685 
posticum  Winslowii,  290 
spirale  cochlea',  720 
subflava,  255 
teres  femoris,  287,  288 

hepatis,  1066 

uteri,  1131,  1234 
veuosum  Arautii,  1066 
ventriculare,  913 
vocale,  913 
Ligula,  473 

Limbs,  development  of,  45,  64,  65 
dorsal  axial  line  of,  572,  630 
]ower,  arteries  of,  811,  884,  893 

articulations  of,  285 

bones  of,  207 
fascia;  of,  336 

lymphatics  of,  868 

movements  of,  365 

muscles,  336 

nerves  of,  cutaneous,  626,  627,  630,  631 

muscular,  627,  628,  629 
surgical  anatomy  of,  1209 
.  veins  of,  852,  888,  895,  905 
morphology  of,  245 
of  muscles  of,  413 
of  nerve-plexuses  of,  620 
nature  of,  620 

nerve-plexuses  of,  620,  621,  622,  630,  631, 
632 

post-axial  border  of,  620,  621,  622 
pre-axial  border  of,  620,  621,  622 
segmental  relations  of,  621 
surfaces  of,  620,  621 
uppei',  articulations  of,  265 
arteries  of,  776,  883,  893,  901 
bones  of,  178 
fascife  of,  307 
lymjihatics  of,  866 
muscles  of,  307,  313,  317 
nerves  of,  cutaneous,  623,  624,  630 

muscular,  625,  629 
surgical  anatomv  of,  1198 
veins  of,  843,  888,  895,  904 
ventral  axial  line  of,  618,  630 
Limb-girdles,  246 
Liml)ic  lobe,  526 
Limbus  fossfe  ovalis,  742,  880 

lamin;e  spiralis,  720 
Limen  insulas,  526 
nasi,  677 

Linea  or  Linea;,  alba,  399,  1220,  1221 
aspera  of  femur,  219,  220,  222 
intercondyloidea,  220 
nuchse  inferior,  of  occipital  bone,  106 
mediana,  of  occipital  bone,  106 
superior,  of  occipital  bone,  106,  150,  154, 
157,  161 

suprema  of  occipital  bone,  106,  150,  154 
semilunaris,  401,  403 
splendens,  563 
transversa,  403,  1220 
Line  or  Lines,  ano-cutaneous,  1044 


Line  or  Lines,  base,  of  Reid,  1164 
of  chest.    See  Thorax 
curved,  of  ilium,  208,  209 

of  occipital  bone,  106,  150,  154,  157,  161 
dorsal  axial,  of  limbs,  572,  630 
epicondylic,  220 
ilio-pectineal,  210,  213,  217 
incremental  in  dentine,  974 
intertrochanteric,  218 
intertubercular,  997 
lateral,  organs  of,  659 
mammillary,  931 
median,  5 

mid-lateral,  of  thorax,  931 
mvlo-hvoid,  140,  162 
of  Nekton,  1209 

oblique,  of  mandible,  139,  140,  162 

of  tibia,  226 
pectineal,  220 

of  pleural  reflection,  928,  929 
popliteal,  of  tibia,  226 
post-central,  1162 
Poupart,  997 
pre -central,  1161 
of  Schreger,  973,  974 
spiral,  of  femur,  218,  220 
subcostal,  997 
Sylvian,  1161 

ventral  axial,  of  limbs,  618,  630 
white,  of  anus,  1044 
of  pelvis,  409,  411 
Lingual  artery.    See  Artery 
cusps  of  teeth,  967 
duct,  1156 
glands,  956 
gyrus,  525 

lymphatic  glands,  865 

nerve.    See  Nerve 

tonsil,  951,  1176 

vein,  831 
Lingualis  muscle,  inferior,  387 

superior,  387 
Lingula,  121,  141 

of  cerebellum,  451,  469 
Linin,  8,  9 
Lip,  rhombic,  488 
Lips,  946,  1175 

commissures  of,  945 

development  of,  39,  65 

frenulum  of,  945 

glands  of,  946,  947,  1175 

lymphatics  of,  947 

mucous  membrane  of,  946 

nerves  of,  947 

philtrum  of,  946,  963 

structure  of,  946 

tubercle  of,  946 
Liquor  folliculi,  1125 

pericardii,  749 
Lisfranc,  ligament  of,  1218 
Lissauer,  tract  of,  433 
Littre,  glands  of,  1122 
Liver,  944,  1058 

areolar  coat  of,  1071 

arteries  of,  1070 

bile  canaliculi  of,  1068,  1072 

capsule  of  Glisson  of,  1065,  1070,  1071 

cardiac  depression  of,  1062 

caudate  lobe  of,  1062,  1063 

cells  of,  1072 

in  child,  1067 

colic  inij)ression  of,  1063 
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Liver,  coiigeuilal  irregularities  in,  1067 
coronary  ligament  of,  1048,  1065,  1066 
development  of,  1072 
duodenal  impression  of,  1063 
excretory  ducts  of,  1068,  1072,  1073 
falciform  ligament  of,  1048,  1056,  1063,  1065, 

1066,  1073,  1224 
fissures  of,  1062,  1064 
fixation  of,  1068 
form  of,  1058,  1067 
fossa  of  gall-bladder  of,  1065 
of  vena  cava  of,  1061,  1065 
gastric  impression  of,  1063 
inferior  margin  of,  1058,  1064 
interlobular  ducts  of,  1068,  1072,  1073 
ligaments  of,  1048,  1065,  1066 
lobes  of,  1065,  1194 
lobules  of,  1067,  1071 
longitudinal  fissure  of,  1065 
lymphatics  of,  1071 
nerves  of,  1071 

notch  of  gall-bladder  of,  1064,  1065 
oesophageal  groove  of,  1062 
omental  tulierosity  of,  1063 
parietal  surface  of,  1058,  1060 
peritoneal  relations  of,  1065 
physical  characters  of,  1067 
pons  hepatis  of,  1061,  1064 
portal  canals  of,  1070 

fissure  of,  1063,  1064 
position  of,  1059,  1067,  1068 
quadrate  lobe  of,  1063 
relations  of,  1060 
renal  impression  of,  1063 
Riedel's  lobe  of,  1067 
round  ligament  of,  858,  885,  1066 
serous  coat  of,  1071 
size  of,  1060,  1067 
Spigelian  lobe  of,  1061 
structure  of,  1071 
suprarenal  impression  of,  1061 
surgical  anatomy  of,  1224 
tuberculum  papillare  of,  1061 
umbilical  fissure  of,  1064 

notch  of,  1064 
uncovered  area  of,  1061 
variations  in,  1067 
visceral  surface  of,  1058,  1063 
veins  of,  1070 

central  or  intralobular,  1070,  1()71 

interlobular,  1070 

sublobular,  1070,  1071 
weight  of,  1060,  1067 
Lobe  or  Lobes,  of  cacumen,  469 
caudate,  of  liver,  1061,  1063 
central,  of  cerebellum,  469 
cerebellar,  469,  470 
cerebral,  513 
of  clivus,  469 
of  culnieii,  469 
frontal,  518 
insular,  514,  526 
limbic,  526 
of  liver,  1065 
of  lung,  938,  941 
of  nodulus,  470 
occipital,  523,  1162 
olfactory,  443,  528,  547,  554 
parietal,  520 

of  pyramid  of  cerebellum,  470 
pyramidal,  of  thyroid,  1155,  1156 
quadrate,  of  liver,  1063 


Lobe  or  Lobes,  of  Kiedel,  1067 

Spigelian,  of  liver,  1061 

temporal,  525,  546,  547,  1162 

of  tuber  of  cerebellum,  470 

of  uvula  of  cerebellum,  470 
Lobule  of  ear,  700,  701 
Lobules  of  cerebellum,  469 

of  lung,  940 
Locus  coeruleus,  452,  487 

perforatus  anticus,  528,  537,  538,  541,  554  ' 
posticus,  440,  443,  507,  508 
Loin,  region  of,  1193 
Long  bones,  68,  69,  70 
Longissimus  capitis  muscle,  368 

cervicis  muscle,  368 

dorsi  nuiscle,  367,  368 
Longitudinal  bundle,  posterior,  455,  457,  458, 
465,  467,  484,  494,  495,  496,  499,  500,  511 

sinus.    See  Sinus 
Longus  colli  muscle,  393 
Loop  of  Henle,  666 

of  subclavian,  1086 
Lowenthal,  marginal  bundle  of,  472,  482 
Lower,  tubercle  of,  742 
Lumbar  aponeurosis,  994 

arteries,  795,  805,  883,  890,  898 

fascia,  307,  365 

ganglia,  669 

lymphatic  glands,  873 
trunk,  863 

nerves.    See  Nerves 

plexus,  598,  599 

region,  997,  1193,  1221 

rib,  89,  91,  97 

symjjathetic,  668 

veins.    See  Veins 

vertebrae,  73,  80 
Lumbo-sacral  cord,  605,  606 

joint,  281 

ligament,  281 

j)lexus.    See  Plexus 
Lumbricales  muscles  of  foot,  360,  364,  365 

of  hand,  327,  334,  335,  336 
Lung,  933 

air-cells  of,  940,  942 

alveolar  ducts  of,  940 

apex  of,  935,  1186,  1196 

azygos  lobe  of,  938 
sulcus  of,  937 

blood-vessels  of,  941 

bronchial  tubes  of,  939 

bronchioles  of,  940 

cardiac  lobe  of,  939 
notch  of,  937 

development  of,  941 

fissures  of,  938,  1188 

foetal,  934 

form  of,  934 

hilus  of,  936 

infundiljula  of,  940,  942 

ligamentum  latum  of,  929,  933 

lobules  of,  940 

lymphatics  of,  938 

middle  lobe  of,  938,  941 

root  of,  938,  1190,  1197 

structure  of,  940 

sulcus  subclaVius  of,  935,  936 

surgical  anatomy  of,  1186,  1197 

upper  lobe  of,  938,  941 
Lunula,  730,  745 
Lymph,  859 

Lymphatic  capillaries,  860 
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Lyiupliatic  duct,  right,  859,  861,  863,  905 
glands,  859,  860,  957 
of  abdomen,  870 
ante-cubital,  867 
anterior  auricular,  865 
anterior  tibial,  869 
api^endicular,  872 
axillary,  867,  1201 
broncliial,  875 
buccal,  865 
carotid,  1179 

cervical,  865,  866,  1182,  1183 

cceliac,  872 

colic,  872 

common  iliac,  873 

deep  facial,  865 

deeji  femoral,  869 

diaphragmatic,  874 

of  digastric  triangle,  1181 

external  iliac,  872 

femoral,  869,  1213 

gastric,  871,  1010 

of  head  and  neck,  863,  864 

hepatic,  872 

ileo-colic,  872 

infra-clavicular,  867 

inguinal,  868,  1213 

intercostal,  874 

internal  iliac,  873 

mammary,  874 

maxillary,  865 
lingual,  865 
of  lower  lindi,  868 
lumbar,  873 
mastoid,  864 
mediastinal,  874  ' 
mesenteric,  872,  1021,  1023 
mesocolic,  1025 
obturator,  873 
occijiital,  864 
panci'eatic,  872 
parotid,  865 
pectoral,  867,  1201 
of  pelvis,  870 
pharvngeal,  1178 
popliteal,  869,  1212 
posterior  auricular,  864 
of  posterior  triangh;,  1 1 83 
post-pliaryngeal,  865,  987 
l^re-aortic,  873 
jire-auricular,  1173 
pre-laryngeal,  865 
pre-tracheal,  865,  1180 
pubic,  869 

rectal,  872,  1042,  1046 
retro-])eritoneal,  1230 
sacral,  873 
splenic,  871,  1010 
sternal,  874 
sub-aortic,  873 
sub-clavicular,  1201 
sub-maxillary,  865 
sub-scapular,  867,  1201 
supra-condyloid,  1202 
supra-hyoid,  865,  1179 
supra-troclilear,  867 
of  thorax,  874 
of  upper  limb,  866  - 
visceral,  of  abdomen  and  pelvis,  870 
visceral,  of  thorax,  874 
zygomatic,  865 
spaces,  859 


Lymphatic  spaces,  perivascular,  860 
trunk,  common  intestinal,  863 
common  lumljar,  863 
descending,  863 
jugular,  863 

subclavian,  863  v 
vessels,  859,  860 
of  abdomen,  870 
abnormalities  of,  905 
of  anus,  1232 
of  arm,  868 
of  buttock,  870 
of  blood-vessels,  737 
of  bones,  72 
central,  of  liand,  868 
cerebral,  864 
endothelium  of,  860 
extra-cranial,  864 
of  foot,  869,  870 
of  forearm,  868 
of  liand,  867 
of  heart,  748 
intra-crania],  864 
of  leg,  870 
of  lower  limb,  869 
of  lung,  938 
meningeal,  864 
of  pelvis,  870 
of  scalp,  1160 
terminal,  861 
of  thigli,  870  . 
of  thorax,  874 
of  tongue,  957 
tunica  externa  of,  860 

interna,  860 

media  of,  860 
of  upper  limb,  866 
valves  of,  860 

visceral,  of  abdomen  and  jielvis,  870 
Lymph -vascular  system,  735,  859 
Lyra,  531 

Macrodont  skulls,  979 
Macula  acustica,  718,  719 
cribrosa  media,  715 

superior,  715 
lutea,  689,  692 
Maier,  sinus  of,  697 

foramen  of,  473,  560 
Malar  bone,  100,  131,  146,  147,  148,  155,  1160, 
1172 

architecture  of,  133 
connexions  of,  133 
ossification  of,  133 
variations  in,  133 

canal,  132 

centre,  131 

crest,  121 

nerve,  640,  646 

process,  129 

tuberosity,  132 
Male  pronucleus,  15 
Malleolar  arteries,  820,  823 

folds  of  tympanic  mend)rane,  706 
Malleolus,  external,  231,  1217 

internal,  227,  1217 
Malleus,  710,  1167 

articulations  of,  712 

develojiment  of,  35,  713 

ligaments  of,  712 

movements  of,  713 
Malo-maxillary  suture,  144 
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Malpigliiau  corpuscles,  1086,  1142,  1152 

layer  of  skin,  728 
Mammary  artery.    See  Artery 
gland,  1146 
alveoli  of,  1147 
ampull;e  of,  1147 
areola  of,  1146 
areolar  glands  of,  1146 
development  of,  1148 
lobes  of,  1147 
nerves  of,  1148 
nipple  of,  1146,  1148 
stroma  of,  1147 
structure  of,  1147 
supernumerary,  1148- 
surgical  anatomy  of,  1200 
susj^ensory  liga'ments  of,  1200 
variations  in,  1147 
vessels  of,  1148 
line,  931,  1184 
lymphatic  glands,  874 
region,  1 184 
veins,  829 
Mammillary  bodies,  440,  443,  553 
line,  931,  1184 
process  of  vertebrte,  81,  89 
Mandible,  100,  139,  260 
Mandibular  arch,  33,  34,  37,  41,  413,  659 
artery,  413 
foramen,  141 
Mantle -layer,  436 
Manubrium  mallei,  710,  711 

sterni,  91 
Marginal  artery  of  heart,  755 
gyrus,  520 
tract,  472,  482 
veins  of  heart,  826 
Marrow,  69 
gelatinous,  70 
red,  70 
yellow,  69 
Marrow  cavity,  69,  70 
Marrow  cells,  69 

Marshall,  obliqUe  vein  of,  739,  826,  882 

vestigial  fold  of,  739,  750 
Martinotti,  cells  of,  544 
Masseter  muscle,  381,  383,  388 
Masseteric  artery,  762,  767 

border  of  malar  bone,  132 

fascia,  373 

vein,  835 
Mastication,  muscles  of,  381,  383 
Mastoid  air-cells,  708,  1169 

artery,  763 

angle  of  parietal,  105 

antrum,  116,  118,  151,  705,  708 
aditus  of,  1168 

surgical  anatomv  of,  1169,  1170 
border-cells,  1169  ' 
canaliculus,  114 
foramen,  113,  152,  166 
fossa,  1169 

lymphatic  glands,  864 

process,  113,  117,  118,  154,  162,  172,  708,  1169 
Maturation  of  ovum,  12 

Maxilla  inferior,  100,  134,  148,  153,  162,  173 
architecture  of,  141 
body  of,  139 
ossification  of,  141 
ramus  of,  139,  140,  142,  153,  162 
variations  in,  141 
superior,  100,  127,  146,  147,  148,  152,  155,  168 


Maxilla  sujierior,  antrum  ol'.    See  Maxillary 
sinus 
architecture  of,  130 
body  of,  127 
connexions  of,  130 
ossification  of,  130 
processes  of,  127,  129 
variations  in,  130 
Maxillary  artery.    See  Artery 
lympliatic  glands,  internal,  865 
nerves,  639,  641  ' 
process,  34,  37,  39,  40,  65 
of  malar,  135 
of  palate  hone,  138 
sinus,  127,  129,  130,  131,  146,  148,  168,  169, 
171,  172 
surgical  anatomy  of,  1175 
vein,  internal,  835,  895 
Maxillo-turbiual,  135 

Meatus,  auditory,  external,  113,  116,  118,  151, 
702,  1165 
development  of,  42 
internal,-  115,  166,  168,  717 
of  nose,  atrium  of,  678 

inferior,  148,  168,  172,  679,  1174 
middle,  125,  129,  148,  168,  172,  678,  1175 
superior,  125,  168,  678 
urinarius,  1114 
Mechanism  of  foot,  304 

of  pelvis,  284 
Meckel,  band  of,  712 
cartilage  of,  35,  141 
diverticulum  of,  1022,  1055 
ganglion  of,  641,  657 
Median  artery,  790,  893,  902 
line,  5 

nerve,  583,  585,  1202,  1203,  1204,  1208 
veins.    See  Veins 
Median -basilic  vein,  846,  1204 
Median-cephalic  vein,  846,  904,  1204 
Mediastinal  arteries,  780,  794 
lymphatic  glands,  874 
pleura,  927,  928 
space,  927,  932 
veins,  829 
Mediastinum  testis,  1105 
thoracis,  926 
anterior,  933 
middle,  932 
posterior,  933 
superior,  936,  1197 
Medulla  of  bone,  69 
of  kidney,  1086 
oblongata,  445 

anterior  basis-bundle  of,  448,  455,  457 
antero-lateral  furrow  of,  446 
antero-median  groove  of,  446 
arcuate  filjres  of.    See  Arcuate  fibres 
areas  of,  447,  461 

acustic,  452,  481,  487 
anterior,  447,  462 
lateral,  448,  462 
posterior,  448,  462 
association  fibres  of,  461 
calamus  scriptorius  of,  451 
central  canal  of,  461 
cerebello-olivary  fibres  of,  459 
clava  of,  449,  456 
closed  part  of,  446,  452,  486 
cuneate  tubercle  of,  449,  456 
development  of,  441,  445,  486,  487 
direct  cerebellar  tract  of,  448,  450,  459 
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Medulla  oblongata,  fasciculus  solitarius  of,  478, 

479,  488 
fillet-fibres  of,  456,  459 
foramen  csecuni  of,  446 
forniatio-reticularis  of,  453,  461,  462,  488 
fovea  inferior  of,  452,  487 
funiculus  cuueatus  of,  449,  453,  455,  456 

gracilis  of,  449,  453,  455,  456 

of  Rolando  of,  449,  455 
gray  matter  of,  453,  461 
intercalated  portion  of,  486 
internal  structure  of,  452 
lateral  basis-bundle  of,  448,  461 
nuclei  of,  453.    See  also  Nucleus  gracile, 

arcuate,  olivary,  cuneate,  lateralis 
olivary  eminence  of,  448,  458.    .SV^*  also 

Nucleus,  olivary 
open  part  of,  446,  452 
origin  of  nerves  from,  446,  447,  476 
position  and  connexions  of,  438,  440,  445 
posterior  longitudinal  bundle  in,  455,  457, 

458 

postero-lateral  furrow  of,  447 

2)ostero-median  fissure  of,  446 

pyramidal  tract  in,  447,  453,  454,  457,  488 

pvramids  of,  446,  447,  453,  488 

raphe  of,  453,  488 

restiform  body  of,  449,  453,  459 

strife  acusticpe  of,  452,  459,  481 

tract  of  Gowers  in,  448,  461 

trigonum  acustici  of,  452 
hypoglo.ssi  of,  452,  477,  487 
vagi  of,  452,  478,  487 

tiiberculuni  Rolandi  of,  449,  455 

veins  of,  838 

white  matter  of,  453 
of  s])leen,  1154 
Medullary  arteriesi.    See  Arteries,  nutrient 
cavity,  69,  70 
centre,  513,  542,  546 

corona  radiata  of,  549 

myelinisation  of,  552 
folds,  19 
groove,  19 

lamina,  external,  501,  503 
internal,  503 

rays,  1086 

velum.    See  Velum 
Megaceplialic  skulls,  173 
Megadont  skulls,  176 
Megaseme  skulls,  175 
Meiliomian  glands,  695,  696,  1 1 73 
Meissner,  corpuscles  of,  730 

plexus  of,  1010,  1023 
Melanin,  729 

Membrana  atlanto-occipitalis,  258 
basilaris  cochlea^  717,  719,  720 
substantia  proj)ria  of,  721 
vas  spirale  of,  721 
zona  arcuata  of,  721 
pectinata  of,  721 
limitans  retintB  externa,  680,  692 

retina;  interna,  692 
l)upillaris,  688,  699 
sterni,  263,  264 
tectoria,  258,  721,  723 
tynipani,  41,  706,  1166 

annulus  fibro-cartilagineus  of,  706 
blood-vessels  of,  707 
dendritic  fibres  of,  707 
folds  of,  1167 
lymphatics  of,  707 


Membrana  tympani,  malleolar  folds  of,  706 
membiana  projiria  of,  706 
nerves  of,  707 

otoscopic  appearances,  of,  707 
})aracentesis  of,  1167 
'         jjars  flaccida  of,  706,  707 
tensa  of,  706 
secundaria,  708 
stratum  circulare  of,  706 
cutaneum  of,  706 
mucosum  of,  706,  707 
radiatum  of,  706 
triangular  cone  of,  1167 
umbo  of,  706' 
vestibularis,  719 
Membrane  ])ones,  70,  177 
of  Bruch,  685,  686 
bucco-pharvngeal,  32,  33,  37 
cloacal,  19,'22,  43,  44 
chorionic,  50 
I      costo-coraooid,  309,  783 
!      crico-tliyroid,  912,  1180,  1196 
elastic,  of  Henle,  736 
fenestrated,  736 
hyaloid,  693 
hyoglossal,  956 
interosseous  of  forearm,  275 

of  leg,  295 
of  Nasmyth,  974 
nictitating,  695 
nuclear,  9 
ol)turator,  284 
periosteal,  69 
of  Reissner,  719,  720 
of  Ruysch,  686 
Schneiderian,  679 
of  Shrapnell,  706,  1167 
spiral,  14,  15 
thyro-hyoid,  912,  1180 
tympanic.    See  Memlnana  tymj)ani 
1      vitelline,  10,  11 
1  Membranes,  foetal,  46,  57 

'      Synovial,  249,  250,  252,  270,  273,  274,  276, 
278,  280,  287,  293,  297,  301 
Membranous  cranium,  176 

laliyriuth,  715,  717 
Meningeal  arteries.    See  Artery 
lymphatics,  864 
veins,  835,  836 
Meninges,  556.    See  also  Dura,  Arachnoid,  Pia 
Mater 

Meniscus,  250,  252,  260,  266,  292 

lateralis  genu,  292 

medialis  genu,  292 
Mental  artery,  767 

foramen,  139,  1172 

nerve,  644 

protuberance,  139 

s])ines,  140 

tubercles,  139 
Merkel,  filtrum  ventriculi  of,  915 
Mesaticephalic  skulls,  173 

Mesencephalon,  441,  442,  445,  490.     See  also 

Mid -brain 
Mesenteric  arteries.    See  Arteries 

ganglion,  superior,  672 

lymjiliatic  glands,  872 

plexus,  672 

veins.    See  Veins 
'Mesenterico-mesocolic  fold,  1019 
Mesentery,  943,  1014,  1020,  1223 

development  of,  32,  1057 
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Mesentery,  dorsal,  1056 

folds  of,  1022 

root  of,  1020,  1021 

primitive,  1055 

structure  of,  1021 

■\-entral,  1056,  1073 

of  vermiform  appendix,  1029,  1054 
Mesial  i^laue,  4,  17 
Meso-appendix,  1029,  1054 
Mesohlast,  18 
Mesoceplialic  skulls,  173 
Mesocolic  glands,  1025 
Mesocolon,  descending,  1034 

development  of,  1057 

pelvic,  1000,  1035,  1036,  1049 

transverse,  1000,  1032,  1054,  1077,  1223 

sigmoid,  1000,  1034,  1036 
Mesoderm,  18,  19,  21,  24,  48,  63 

lateral  plates  of,  24,  29 

paraxial,  24 

somites  of,  24,  28 

structures  formed  from,  28 
Mesodont  skulls,  176,  979 
Mesoduodenum,  1057 
Mesogastrium,  1056 
Mesognatliion,  963 
Mesognatlious  skulls,  175 
Mesometrium,  1130 
Mesonepliros,  1140,  1141 
Mesorcliium,  1111 
Mesorectum,  1034,  1036 
Mesorhine  skulls,  175,  675 
Mesosalpinx,  1126,  1130 
Mesoseme  skulls,  175 
Mesosternum,  91 
Mesotympanu  m ,  1 1 67 
Mesovarium,  1123,  1124,  1130 
Mesuranic  skulls,  175 
Metacarpal  arteries,  788 

l)ones,  197,  203,  1206 
architecture  of,  205 
ossification  of,  205 
variations  in,  205 

ligament,  transverse  sujierticial,  323 

tubercle,  1206 
Metacarpo-phalangeal  joints,  280,  1206 
Metaphase,  9,  10,  13 
Metasternum,  91 
Metatarsal  artery,  824 

))ones,  242 
architecture  of,  243 
ossification  of,  243 
variation  in,  243 

ligaments,  transverse,  303,  355 
Metatarso  -  phalangeal  joints,  303,  304, 

1218,  1219 
Meta thalamus,  501,  552 
Metencephalon,  441,  445 
Metopic  suture,  103,  155 
Metrio-cephalic  skulls,  174 
Meynert,  decussation  of,  498 
Microcephalic  skulls,  173 
Microdont  skulls,  176,  979 
Microseme  skulls,  175 
Microsome,  8  - 
Mid-brain,  490 

aqueduct  of  Sylvius  of,  490,  492,  500,  509 

corpora   quadrigemina   of,   490.     See  also 
Corpora  quadrigemina 

cortico-pontine  fibres  of,  498 

crura  of,  491.    See  also  Crura  cerebri 

deej)  origin  of  nerves  from,  499 


Mid-brain,  development  of,  441,  442,  500 
fasciculus  I'etroHexus  of,  498 
fillet  fil)res  of,  491,  493,  494,  497 
fountain  decussation  of,  498 
frenulum  veli  of,  490,  501 
ganglion  interpedunculare  of,  498 
internal  structure  of,  492 
lamina  quadrigemina  of,  492 
lateral  sulcus  of,  491 
nuclei  of,  492,  493,  494,  495 
oculomotor  sulcus  of,  491 
posterior  longitudinal  bundle  of,  494,  495 
pyramidal  fibres  of,  498 
situation  and  connexions  of,  441,  490 
stratum  giiseum  centrale  of,  492 

intermedium  of,  540 
substantia  nigra  of,  492,  505,  540 
superior  cerebellar  jieduncle  in,  494 
svlvian  grav  matter  f)f,  492,  499,  508 
veins  of,  838 
■  Mid-clavicular  line,  1184 
Mid-gut,  31,  32,  1055 
Mid-sternal  line,  1184 
Middle-ear.    See  Tympanic  cavitv 
Milk-teeth,  964,  965,  972,  977,  1175 
Mitosis,  9 
Mitral  area,  1192 

orifice,  743,  745,  1192,  1197 
Moderator  band,  745 
Modiolus,  716 
Molar  artery,  767 
glands,  947 

teeth,  965,  969,  972,  977 
Molecular  layers  of  retina,  690,  691 
Moll,  glands'of,  696,  733 

Monro,  foramen  of,  441,  443,  503,  509,  532,  552 

sulcus  of,  510,  552 
Mons  Veneris,  1122,  1136 
Montgomery,  glands  of,  1146 
Monticulus,"  468,  469 
Morgagiii,  cohimns  of,  1043,  1044 
hydatid  of,  1128,  1140 
valves  of,  1231 
Morphology,  2 

of  apjjendicular  skeleton,  245 
of  cervical  plexus,  580 
of  cranial  nerves,  659 
of  head,  659 
of  head-muscles,  413 
of  ligaments,  253 
of  limbs,  245 
of  limb-muscles,  413 
of  limb-plexuses,  620 

of  posterior  divisions  of  sj)inal  nerves,  572 
364,        of  primitive  streak,  19 
of  pudendal  plexus,  618 
of  skeletal  muscles,  412 
of  .skull,  176 
of  sjjermatozoa,  15 
of  sjaupathetic  .system,  674 
of  teeth,  979 

of  vascular  system,  888,  893 
Morula,  7,  17,  62 
Moss-fibres,  475 
Motor  area,  1161 
Mouth,  943, '945 
aperture  of,  945 
buccal  glands  of,  947 
cavity  of,  945,  947 
develoipment  of,  34,  36,  39 
floor  of,  947 

incisive  pad  of,  948,  949 
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Mouth,  laljial  glands  of,  946,  947 

luolai'  glands  of,  947 

mucous  meiidtraiui  of,  946 

muscles  of,  377,  378 

])lica  suliliugualis  of,  947 

primitive,  3-2 

roof  of,  947 

sucking-pad  of,  947 

sublingual  caruncle  of,  947 
region  of,  947 

vestibule  of,  945 
Movable  joints,  248 
Movements  in  lea])ing,  365 

in  locomotion,  365 

of  respiration,  397 

in  swallowing,  391 

in  walking,  365 
Mucous  glands,  958 
Muller,  libres  of,  657,  692 

muscle  of,  380 
Miillerian  duel,  1140,  1145 
Multicus]>idate  teetli,  969 
Multilidus  s])in;ie  muscle,  370,  372,  373 
Muscle  or  Muscles,  of  abdominal  wall,  397, 
398,  405 

abductor  digiti  (piinti,  329,  334,  362,  364 
liallucis,  361,  364,  1219 
longus  pollicis,  333 
minimi  digiti  of  foot,  362,  364 

of  liand,  329,  334 
pollicis  brevis,  328,  334,  336 

0)  jli(puis,  329,  334,  336 
accessorius  of  back,  368 

of  foot,  360,  364 
adductor  brevis,  345,  352,  353,  373 
longus,  345,  352,  353,  373  1213 
magnus,  346,  352,  353,  373,  1215 
minimus,  346 
obliqxius  hallucis,  362,  364 

pollicis,  329,  334 
transversus  liallucis,  363,  364 

1)  ollicis,  329,  334,  336 
agitator  cauda',  348 
anconeus,  332,  335 
antitragicus,  702 
appendi(;u]ar,  306 

of  arm,  318 

arrectores  ])ilorum,  733 
aryteno-epiglottidean,  918,  920,  921 
ary-vocalis,  920,  921 
attollens  aureru,  376,  378 
attraliens  aurem,  376,  378 
auiicularis  anterior,  376 

posterior,  376 

superior,  376 
axial,  306,  365 
azygos  uvube,  390,  391 
of  back,  307,  366,  37 1 
bicei)s  brachii,  319,  320,  321,  335,  1204 

femoris,  350,  352,  353,  1210,  1211,  1215 
biventer  cervicis,  370 
bracliialis  anticus,  320,  321 
brachio-radialis,  331,  335,  1207 
of  bronchial  tubes,  940 
buccinator,  377,  378,  381,  383,  391 
bidbo-cavernosus,  407,  408 
of  buttock,  347,  352 
cervicalis  ascendens,  368 
cliondro-epitroclilearis,  310  ' 
chondro-glossus,  386,  388 
ciliary,  687 

circumHexus  palati,  390,  391 


Muscle  or  Muscles,  cleido-iuastoid,  383 
cleido-occipitalis,  383 
complexus,  369,  372 
comjiressor  bulbi,  407 
liemispherium  bulbi,  407 
naris,  376 
radicis  penis,  407 
uretlir;e,  408,  409 
vena;  dorsalis  penis,  408 
constrictor  2>harvngis,  inferioi-,  389,  393,  413 
middle,  389,  391,  413 
superior,  388,  391,  413 
urethra-,  408,  409 
—    coraco-brachialis,  318,  320,  321,  1200,  1202 
superior,  319 
corrugator  cutis  ani,  407,  1042 

supercilii,  376,  378 
costo-coracoideus,  310 
cremaster,  402,  405,  1112 
!      crico-arytenoid,  918,  919,  921 
i      crico-thyroid,  918,  920 
ci  ureus,  342,  352 
cucullaris,  307 
dartos,  405,  1113 
deltoid,  314,  317,  1203 
tlepressoi'  al;e  nasi,  376 
anguli  oris,  377,  378 
labii  inferioris,  377,  378 
I         sei)ti,  376 
I      description  of,  306 
!      development  of,  412 

diaphragm,  394,  397,  993 
j      digastiic,  385,  387,  388,  413 
dilator  naris,  376 
liupilhe,  689 
tubie,  709,  710 
dorso-e])itroch]earis,  310 
with  doulJe  nerve-supj)ly,  629 
of  ear,  extrinsic,  376 

intrinsic,  702 
ejaculator  urinie,  407 
j      ejiitrochleo-anconeus,  332 
I      erector  clitoridis,  407 
])enis,  407 

sjjinie,  367,  372,  373,  1193 
extensor  brevis  digitorum,  357,  363,  364, 
365,  1219 
jiollicis,  333,  335,  336 
car])i  radialis  lirevior,  331,  335 
longior,  331,  335 
ulnaris,  332,  335 
communis  digitorum,  331,  335 
hallucis  longus,  356 
indicis,  334,  335 

longus  digitorum,  356,  363,  364,  365,  1219 
liallucis,  1219 
p(jllicis,  334,  335,  336 
))rimi  internodii  hallucis,  357 
1         minimi  digiti,  332,  335 
!  ossis  metacarpi  pollicis,  333,  335,  336 

ossis  metatarsi  hallucis,  357 
])roprius  hallucis,  356,  363,  364,  365 
extensor  quint i  digiti  ])roprius,  332,  335 
of  eyeball,  uuirphologv  of,  659 
of  eyelids,  376,  378,  695,  696 
of  face,  376,  378,  413 
fasciculi  of,  305 
flexor  accessorius,  360,  364 

brevis  digitorum,  361,  364,  365 
hallucis,  362,  364 
minimi  digiti  of  foot,  363,  364 
of  hand,  329,  334,  335,  336 
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[uscle  or  Muscles,  flexor  brevis  pollicis,  .329,  | 
3.34,  336 

flexor  carpi  radialis,  324,  334,  335,  1207 
uliiaris,  325,  334,  335 
caudaj,  411 

digit!  quinti  brevis,  329,  363 

longus  digitorum,  359,  364,  365 
liallucis,  360,  364,  365 
pollicis,  328,  334,  336,  1208 

profundus  digitorum,  326,  334,  335, 

sublimis  digitorum,  325,  334,  335 
of  foot,  355,  361,  363 
of  forearm,  323,  326,  331,  332 
gastrocnemius,  358,  363,  364,  1216,  1217 
gemellus  inferior,  350,  .352,  353 

superior,  350,  352,  353 
genio-hyo-glossus,  386,  387,  388,  1177 
genio-hyoid,  386,  387,  388 
glosso-pharyngeus,  388 
gluteus  maximus,  347,  352,  353,  373,  1209 

medius,  348,  362,  353,  373 

minimus,  349,  352,  353,  373 
gracilis,  345,  352,  353 
liamstring,  350,  1210 
of  hand,  321,  328 
of  head,  374,  413 
of  heart,  746 
helicis  major,  702 

minor,  702 
of  Horner,  698 
hyo-glossus,  386,  387,  388 
of  hyoid  bone,  383,  387 
iliacus,  343,  344,  352,  353,  373,  405 

minor,  345 
ilio-capsularis,  345 
ilio-coccygeus,  411 
ilio-costalis,  367,  .368 
ilio-psoas,  343,  353,  1214 
ilio-sacralis,  411 
infracostales,  394,  397 
infrahyoid,  383,  387,  397 
infraspinatus,  316,  317 
insertion  of,  306 
intercostal,  external,  393,  397 

internal,  393,  397 
interosseous  of  foot,  363,  364,  365 

of  hand,  329,  330,  334,  335,  336 
intersjjinales,  371,  372 
intertransversales,  371,  372 
ischio-bulbosus,  407 
ischio-cavernosus,  407,  409 
ischio-coccygeus,  412 
ischio-pubicus,  408 
laryngeal,  918 

latissimus  dorsi,  307,  313,  317,  373,  397, 
1193 

laxator  tympani,  712 
of  leg,  355,  357,  363 
levator  anguli  oris,  377,  378 
scapulffi,  309,  313,  372 

ani,  411,  412,  1045 

glanduhe  thyroidese,  385,  1155 

labii  superiorife,  377,  378 
al.-vque  nasi,  377,  378 

menti,  377,  378 

palati,  390,  391 

palpebrse  su])erioris,  379,  380 

prostata,  411 
levatores  costarum,  393,  397 
lingualis  inferior,  387 

superior,  387 
of  little  finger,  329 


Muscle  or  Muscles,  longissimus  capitis,  368 
longissimus  cervicis,  368 

dorsi,  367,  368 
longus  colli,  393 
of  lower  limb,  336 
lumbricales  of  foot,  360,  364,  365 

of  hand,  327,  334,  335,  336  . 
masseter,  381,  383,  388 
of  mastication,  381,  383 
morpliology  of,  412 
of  mouth,  377,  378 
of  Miiller,  380 

multifidus  spinte,  370,  372,  373 

mylo-hyoid,  386,  387,  388 

nasalis,  376 

of  neck,  383,  391 

of  nose,  376,  378 

obliquus  auriculas,  702 

externus  abdominis,  399 

inferior,  of  neck,  371,  372 
of  orbit,  380 

internus  abdominis,  401 

superior,  of  neck,  371,  372 
of  orbit,  379,  380 
obturator  externus,  347,  352,  353,  v373 

internus,  349,  352,  353,  373 
occipito-frontalis,  375,  378,  1159 
omohyoid,  384,  387,  388,  1182 
opponens  digiti  quinti,  329,  334,  336 

minimi  digiti,  329,  334,  336 

pollicis,  329,  334 
orbicularis  oris,  377,  378,  946 

palpebrarum,  376,  378 
of  orbit,  378,  380,  413 
origin  of,  306 

palato-giossus,  387,  388,  391 
palato-pharyngeus,  389,  390,  391 
palmaris  Ijrevis,  321 

longus,  324,  334,  335,  1207 
l^apillares  of  heart,  745,  746,  747 
pectinati,  742,  743 
pectineus,  345,  352,  353 
of  pectoral  region,  310,  313 
pectoralis  major,  310,  313,  317,  397,  1184 

minimus,  312 

minor,  311,  313,  397 
of  pelvis,  405,  410 
of  perineum,  406 
jjeroiieo-calcaneus,  361 

externus,  357 
i:)eroneo-cuboideus,  357 
peroneus  accessorius,  357 

brevis,  357,  363,  364,  1216,  1218,  1219 

longus,  357,  363,  364,  1216,  1218,  1219 

quinti  digiti,  357 

tertius,  356,  363,  364,  1219 
of  pharynx,  388,  391,  413 
of  pinna,  702 
plantaris,  358,  363,  364 
X'latysma  mvoides,  374,  378,  413 
poi)riteus,  359,  363 

minor,  359 
pronator  quadratus,  328,  334,  335 

radii  teres,  324,  334,  335,  1207 
psoas  magnus,  343,  352,  372,  373,  405,  1 1 

parvus,  .343,  352,  372,  373 
pterygoid  external,  381,  383 

internal,  382,  383 
pulio-i'avernosus,  408 
]iubo-caccygeus,  411,  1045 
jiubo-rectalis,  411 
])ubo-vesicalis,  1101 
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Muscle  or  Muscles,  iiyrainidalis  alidoniiuis,  402 
405 

Ijyraiuidalis  nasi,  376,  378 

pinnag,  702 
pyriformis,  349,  352,  353,  373 
(piadratus  fenioris,  350,  352,  353 

lumborum,  405,  1193 
(juadratus  plautw,  360 
([uadriceps  extensor  fenioris,  340,  352,  353 
recto-coccygeus,  1042  \ 
recto-uterine,  1050,  1130  \ 
rectus  abdominis,  403 

capitis  anticus  major,  392 
minor,  392 
lateralis,  371,  372,  393 
posticus  major,  371 
minor,  371 

femoris,  340,  352,  373 

of  orbit,  external,  379,  380 
inferior,  379,  380 
internal,  379,  380 
superior,  379,  380 
of  resiJiration,  393,  397 
retrahens  aurem,  376,  378 
rliomlioideiis  major,  309,  313 

minor,  309,  313 
of  Riolan,  696 
risorius,  377,  378 
rotator  humeri,  319 
rota  tores  dorsi,  371,  372 
sacro-spinalis,  367 
salpingo-pharvngeus,  389,  710 
sartorius,  340,' 352,  373,  1213 
scalenus  anticus,  391,  397 

medius,  391,  397 

posticus,  392,  397 
of  scalp,  375,  378,  1159 
scansorius,  349 

semimembranosus,  351,  352,  353,  1212 
semispinalis  capitis,  369 

colli,  370,  372 

dorsi,  370,  372 
semitendinosus,  351,  352,  353,  1210,  1212 
serratus  antei-ior,  312 

magnus,  312,  313,  397,  1184 

posticus  inferior,  366,  372,  397 
superior,  366,  372,  397 
of  shoulder,  314 
skeletal,  305,  306 
of  soft  palate,  390,  413 
sole  us,  358,  363,  364,  1216,  1217 
sphincter  ani  extern  us,  406,  408,  412,  1045 
internus,  1042,  1045 

])upillie,  689 

pylori,  1006,  1008 

recti,  1045 

vagin;ie,  407 

vesicae,  1102 
spinalis  dorsi,  368 
splenius  capitis,  367,  372 

colli,  367,  372 
stapedius,  713 
sternalis,  310 
sterno-clavicularis,  312 
sterno-cleido-mastoid,  383,  388  . 
sterno-hyoid,  384,  387,  388 
sterno-niastoid,  383,  388,  397,  1181 
sterno-thyroid,  384,  387,  388 
stylo-auricularis,  702 
stylo-glossus,  386,  387,  388 
stylo-hvoid,  386,  387,  388,  4J3 
stylo-pharvngeus,  389,  391,  413 


'  Muscle  or  Muscles,  subanconeous,  320 
subclavius,  312,  313 
subcostales,  394,  397 
subcrureus,  343 
subscapularis,  316,  317 

minor,  316 
supinator  brevis,  332,  335 
supra-hyoid,  385,  387 
sujjrasjiinatus,  315,  317 
suspensory,  of  duodenum,  1020 
temporal,' 381,  383,  388 

tensor  fasciie  femoris,  348,  352,  373,  1209, 
1213 
suralis,  351 

palati,  390,  391,  709,  710,  1177 

tarsi,  376,  378,  698 

tymi^ani,  713,  1167 
teres  major,  316,  317 

minor,  316,  317 
of  tliigli,  336,  340,  345,  350,  352 
of  tliorax,  393,  397 
of  tliunib,  328,  336 
tliyro-ary-epiglottidean,  918,  921 
thyro-arytenold,  918,  919,  921 
thyro-epiglottidean,  919 
thyro-livoid,  385,  387,  388 
tiliialis  anticus,  355,  363,  364,  1219 

posticus,  361,  364,  1218,  1219 
til)i()-fascialis  anticus,  356 
of  tongue,  386,  387,  413,  659,  955,  1176 
tracheal,  925 

traclielo-mastoid,  368,  372 
tragicus,  702 

ti'ansvei'salis  abdominis,  402 

cervicis,  368 
transverse,  of  tongue,  387 
transversus  ani  suj^ei'ticialis,  407,  408 

auriculfe,  702 

])erinei  profundus,  408 

thoracis,  394 
trapezius,  307,  313,  1193 
triangularis  sterni,  394,  397 
'      t riceps  brachii,  320,  32  ] ,  1 202 

femoris,  357 
of  tympanic  cavity,  713 
(if  upper  limb,  307 
vastus  externus,  342,  352,  1211 

intermedins,  342 

internus,  342,  352,  1215 
zygomaticus  major,  377,  378 

minor,  377,  378 
':  Muscle-cells,  305,  306 
Muscle-plate,  28 

Muscular  process  of  vertebra3,  73,  74 
system,  305 

triangle  of  neck,  1180,  1182 
Musculo-cutaneous  nerve.    See  Nerve 
Musculo-phrenic  artery,  781 

veins,  829,  830 
Musculo-spiral  groove,  186 

nerve,  583,  590,  631,  1202,  1203,  1204 
Myelencephalon,  441,  445 
Myelinisation,  431,  435,  438,  496,  552 
Myelocoele,  28 
Myelospongium,  20,  436 
Myocardium,  746 
Myloliyoid  artery,  767 

gi'oove,  141,  142 

muscle,  386,  387,  388 

nerve,  643 
I      ridge,  140,  162 
I  Myology,  3,  305 
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Myotomes,  29,  177,  306,  412 

ceiDhalic,  413,  659 
Myrtiform  fossa,  127 

Nabotli,  ovules  of,  1133 
Nail,  730 

bed  of,  731 

development  of,  734 

in  embryo,  45,  64 

lunula  of,  730 

matrix  of,  731 

pai^illtE  of,  '731 

vallum  of,  730 

wall,  730 
Nares,  anterior,  168,  675,  1172 

posterior,  157,  158,  168,  677,  943,  1178 
Nasal  aperture,  anterior,  144,  147,  175 

artery.    See  Artery 

bone,  100,  133,  134,  147,  168 

brain,  554 

cavity,  development,  39,  40 

crest,'  130,  169 

duct,  697,  698,  699,  1174 

canal  of,  146,  168,  171 

development  of,  39 
fossa,  144,  168,  172 

agger  nasi  of,  678 

atrium  of,  678 

basal  cells  of,  681 

blood-vessels  of,  681 

Bowman's  glands  of,  680 

bulla  ethmoidalis  of,  679 

cavernous  tissue  of,  680 

epithelium  of,  679,  680 

hiatus  semilunaris  of,  679 

inferior  meatus  of,  679,  1174 

iufundibulum  of,  679 

inner  wall  of    See  Sej^tum 

limen  of,  677 

lymphatics  of,  681 

middle  meatus  of,  678,  1175 

olfactory  cells  of,  630 
part  of,  678,  680 

orifices  in,  677,  678,  679,  698 

organ  of  Jacobson  of,  678 

outer  wall  of,  678 

recessus  naso-palatinus  of,  678 
spheno-etlimoidalis  of,  678 

respiratory  part  of,  678,  679 

sensory  nerves  of,  681 

superior  meatus  of,  678 

supporting  cells  of,  680 

ventricles  of,  677 

vestibule  of,  677 
index,  175,  675 
laminte,  39 
nerve.    See  Nerve 
notch,  101,  127 
pit,  661 

process,  of  frontal  bone,  101 
lateral,  38,  39 
of  maxilla,  129 
septum,  40,  148,,  155,  168,  171,  176 
spine,  anterior,  127,  130,  147,  1172 
of  frontal  bone,  101 
posterior,  137,  157 
Nasion,  173,  1160,  1172 
Nasmyth,  membrane  of,  974 
Naso-froutal  suture,  144 
Naso-labial  band,  377 
Naso-palatine  artery,  768 
nerve,  641 


Naso-x>haryngeal  groove,  983 
Naso-pharynx,  981,  982,  988 

Eustachian  orifice  of,  983,  1178 

fossa  of  Rosenmiiller  of,  983,  984,  1178 

surgical  anatomv  of,  1178 

tonsil  of,  983,  li78 
Navicular  bone  of  foot,  238,  241,  245 

of  hand,  197,  198,  203 
Neck,  anterior  triangle  of,  1180 

development  of,  34,  35,  36,  65 

digastric  triangle  of,  1180,  1181 

carotid  triangle  of,  1180,  1181,  1182 

fasciffi  of,  373 

infrahyoid  region  of,  1179 

lymphatics  of,  863,  865 

middle  line  of,  1179 

muscles  of,  383,  391 

muscular  triangle  of,  1180,  1182 

nuchal  furrow  of,  1184 

occipital  triangle  of,  1184 

pit  of,  91 

posterior  triangle  of,  1180,  1183 
suprahyoid  region  of,  1179 
surgical  anatomy  of,  1178 
Nelaton,  line  of,  1209 
Nerve  or  Nerves,  alxlucent,  644,  659 
development  of,  657 
nucleus  of,  465,  484,  485,  496,  497 
origin  of,  deep,  484,  465 
superficial,  450,  484,  644 
accessory  obturator,  605 
acromial  descending,  575,  576,  577,  580 
acusticus,  480,  647 

to  adductor  magnus,  602,  605,  607,  629 
alveolares  superiores,  640 
alveolar]  s  inferior,  643 
to  ankle-joint,  609,  611 
anterior  crural,  599,  602 

cutaneous,  of  thorax,  594,  595,  596 
of  Arnold,  650 

to  articulations  of  foot,  609,  611,  612,  613 
auditory,  647,  660 

cochlear  division  of,  647,  723 

develojiment  of,  657 

in  labyrinth,  723 

nucleus  of,  452.   See  aim  Nucleus,  cochlear, 
vestibular 

origin  of,  deejJ,  480 

superficial,  450,  480,  647 

radix  cochlearis  of,  647 
vestibularis  of,  647 

ramus  sacculo-ampullaris  of,  724 
utricvdo-amijullaris  of,  724 

vestibular  division  of,  647,  723 
auricular,  of  auriculo-temporal,  643 

great,  575,  576,  580 

posterior,  646 

of  vagus,  650,  660 
auriculo-ampidlaris,  724 
auriculo-temporal,  642,  1160 
to  azygos  uvulre,  641 
bigeminus,  598,  605 
of  blood-vessels,  738 
of  bones,  72 
to  brachial  artery,  585 
liuccal,  642 

of  facial,  646 
to  bull)  of  urethra,  617 
calcanean,  internal,  611 
cardiac,  inferior,  651,  652,  667 

middle,  666 

sujDerior,  651,  652,  665 
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Nerve  or  Nerves,  caudal,  428,  565,  572,  616 
cervical,  565,  568 

anterior  primary  divisions  of,  575.  »SV« 
also  Plexus,  ceivical,  bi'achial 

descending,  579,  656 

first,  568 

gray  rami  of,  568 

superficial,  575,  576,  580 
chorda  tvm])ani,  64.3,  645,  657,  660,  726,  956, 

962,'  963,  1167 
ciliarv,  639,  685,  683,  689 
circumflex,  583,  590,  1202 
clavicular  descending,  575,  576,  577,  580 
clunium  inferiores,  615 
coccygeal,  565,  571,  613 
to  coccygeus,  615 
cochlear,  647,  723,  724 

deep  origin  of,  480,  481,  482,  493 

spiral  fasciculi  of,  724 
comiuunicans  fibularis,  608 
t(j  cf)nstrictoi's  of  pharynx,  648,  650 
to  corpus  cavernosum,  618 
cranial,  414,  632 

aft'erent  roots  of,  656 

connexion  with  superior  cervical  ganglion, 
665 

deej)  connexions  of,  476,  499,  51 1 
development  of,  656 
efferent  roots  of,  656,  659 
ganglia  of,  414 
general  distiibution  (jf,  ()32 
motor  nuclei  of,  476 
morphology  of  659 
nuclei  of  origin  of,  476 

of  termination  of,  476 
roots  of,  414 

segmental  characters  of,  659 

1st.    See  Nerve,  olfactory 

2nd.    See  Nerve,  optic 

3rd.    See  Nerve,  oculomotor 

4th.    See  Nerve,  trochlear 

5th.    See  Nerve,  trtgeminal 

6th.    See  Nerve,  abducent 

7th.    See  Nerve,  facial 

8th.    See  Nerve,  auditojy 

9th.    See  Nerve,  glosso-pharyng(ial 

10th.    See  Nerve,  vagus 

11th.    See  Nerve,  s))inal  accessoiy 

12t-h.    See  Nerve,  hypoglossal 
to  cremaster,  601 
crural,  of  genito-crural,  601 
cutaneous,  of  abdomen,  596,  6()0 

clunium,  inferioi-,  615 

colli,  576 

of  lower  lind),  626,  629,  631 

sura',  608,  611 

of  upper  lind],  623,  624,  630 
dental,  inferior,  643,  1172 

middle,  640 

jiosterior,  640 
descend  ens  hypoglossi,  579,  656 
to  diaphragui,  575,  579,  580,  596 
to  digastric,  644,  646 
digital,  of  foot,  609,  610,  611,  612,  613 

of  hand,  586,  588,  591 
to  dilatator  ])upilla',  689 
dorsal,  of  ])enis,  618 
of  elbow-joint,  585 
of  Eustachian  tube,  710 
of  external  auditory  meat  us,  704 
external  cutaneous,  of  thigh,- 599,  601 

respiratory,  of  Bell,  582 


Nerve  or  Nerves,  of  eyelid,  697 
to  face-muscles,  378 
facial,  644,  660,  1170,  1173  ' 
aft'erent  root  of,  657,  660 
in  aqueduct  of  Fallojnus,  645 
in  auditory  meatus,  644 
branches  of,  645 
'  central  connexions  of,  484 
cervico-facial  division  of,  646 
communications  of,  645 
deep  origin  of,  482 
develojjment  of,  657 
efferent  root  of,  657,  659,  660 
geniculate  ganglion  of,  484,  645,  657,  658, 

659,  660 
geniculum  of,  645 
in  infant,  1170 
intrapontine  course  of,  483 
in  neck,  646 
nucleus  of,  464,  482,  484 
in  i)arotid  gland,  646 

pars   intermedia  of,  482,  484,  644,  645, 

647,  657,  660 
pes  anserinus  of,  646 
radicular  part  of,  483 
roots  of,  464,  482 

superficial  origin  of,  450,  482,  644 

temporo-facial  division  of,  646 
to  feriioral  artery,  602 
to  femur,  603 
to  fibula,  611 

of  flexor  carpi  ulnaris,  587 

frontal,  638 

furcalis,  598,  605,  632 

to  gemelli  muscles,  607,  610 

genital,  600 

genito-crural,  599,  600 

genito-fenioralis,  600 

glosso-pharyngeal,  647,  660,  726,  957  ■ 

afferent  fibres  of,  478 
root  ot;  658,  660 

communications  of,  648 

deep  origin  of,  478 

development  of,  658 

eft'erent  fibres  of,  478 
root  of,  658,  659,  660 

in  jugular  foramen,  648 

jugular  ganglion  of,  648 

in  neck,  648 

nucleus  of,  452,  478,  479 

petrous  ganglion  of,  648 

roots  of,  478,  479,  480 

suj)erficial  origin  of,  447,  647 
gluteal  infei'ior,  607 

of  small  sciatic,  615 
liieniorrhoidal  inferior,  617 
of  hamstring  muscles,  606,  607,  610 
of  heart.    See  Nerves,  cardiac 
of  hip-joint,  602,  603,  605,  607,  610 
to  humerus,  585 
hypogastric,  600,  670,  672 
hypoglossal,  654,  659,  956,  1182 

ansa  hj'jjoglossi  of,  656 

communications  of,  655 

deep  origin  of,  476 

descending,  656 

development  of,  658 

nucleus  of,  452,  476,  477 

superficial  origin  of,  446,  654 
incisor,  644 
infra-clavicular,  583 
infra-mandibular,  647 
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Nerve  or  Nerves,  infra-orbital,  640 
infra-orbital,  of  facial,  646 
infra-trochlear,  639 
iliac,  600 

ilio-hypogastric,  598,  600 
ilio-iiigiiinal,  599,  600 
to  infra-hyoid  muscles,  575,  579 
intercostal,  593,  594,  595,  596,  1221 
intercosto-brachialis,  594 
intercosto-hunieral,  593,  594,  631 
intermedins,  645 

internal  cntaneous,  of  arm,  583,  588,  1202 

of  tliigli,  604 
to  interossei  nuiscles,  588,  609,  612,  613 
interosseons  anterior,  585 

of  peroneal,  609 

posterior,  592,  1207 
ischiadicns,  606 
of  Jacobson,  648 

of  knee-joint,  602,  603,  604,  607,  608,  610 

labial,  641 

lachrymal,  637 

to  lachrymal  canals,  698 

of  large  intestine,  1025 

laryngeal,  external,  650,  921  • 

inferior,  651,  660 

interna],  650,  921,  957 

recnrrent,  92 1-,  1183 

superior,  650,  660,  1180 
lateral  cutaneous,  of  thorax,  574,  594,  595, 

596,  622 
to  latissimus  dorsi,  593 
to  levator  anguli  scajiula',  575,  577 

ani,  615,  617 

])alati,  641 
lingual,  643,  956,  1173 

of  ninth,  649,  660 

of  twelfth,  656 

of  vagus,  650,  655 
long  scrotal,  614 
to  longus  colli,  579,  582 
lumbar,  565 

anterior  primary  divisions  of,  598,  605 

posterior  2>riraary  divisions  of,  571 
to  lumbricales  of  foot,  612,  613 

of  hand,  586,  588 
of  lung.    See  Plexus,  piihuonaiy 
malar,  of  facial,  646 

of  superior  maxillai-v,  640 
mandibular,  641,  659 
masseteric,  642 
maxillary,  inferior,  641 

siiperior,  639 
median,  583,  585,  1202,  1203,  1204,  1208 
of  membrana  tynipani,  707 
meningeal,  of  vagus,  650 
nieningeus,  640 
mental,  644 

middle  cutaneous,  of  thigli,  603 

of  muscles  of  abdominal  wall,  405,  600 

of  arm,  320 

of  back,  371 

of  buttock,  '352 

of  foot,  363 

of  forearm,  334 

of  hand,  334 

of  hvoi(l  bone,  387 

of  iris,  639 

of  leg,  363 

of  lower  limb,  627,  628,  630 
of  mastication,  383 
of  orl)it,  380 


Nerve  or  Nerves,  of  muscles  of  pectoral  I'egion, 
310,  311,  313 
of  muscles  of  pelvis,  412 

of  perineum,  408 

of  jjinna,  646 

23  re  vertebral,  393 

of  thigh,  352 

of  thorax,  397 
I         of  tongue,  387 

between  trunk  and  u]i])ei-  lindi,  313 

of  shoulder,  316 

of  soft  jjalate,  650 

of  uj^jier  liml),  625,  629 
mnsculo-cutaneous,  of  arm,  583,  584,  631 
I  of  leg,  608,  609,  1216 

musculo-spiral,  583,  590,  631,   1202,  1203, 

1204 
mylo-hyoid,  643 
nasal,  638 

external,  639  • 
j         inferior,  641 

of  infra-orliital,  641 

internal,  639 

superior,  641 
naso-ciliaris,  638 
naso-palatiue,  641,  950 
to  obliqui  alxlominis  muscles,  596 
obturator,  599,  602 

accessory,  605 
to  obturator  externus,  602,  605 

intern  us,  607,  610 
occipital,  great,  570,  1184 

of  posterior  auricular,  646 

small,  575,  580 

third,  570 
to  occijjito-frontalis,  646 
oculo-motor,  634,  635,  657,  659 
oesophageal,  653,  668,  992 
olfactorv,  633,  661,  681 

bull)  of,  528,  545,  634,  661 

develojjment  of,  .545,  656 

origin  of,  634 

tract  of,  528,  545,  634 
ophthalmic,  637,  660 
optic,  634,  661 

deep  origin  of,  510 

development  of,  656,  698,  699 

retinal  jiortion  of,  6.34.    See.  nhn  Retina 

superficial  origin,  of,  634 
orbital,  640,  641 
to  palate,  950 
palatine,  external,  641,  950 

great,  641,  950 

posterior,  641 

small,  641,  9.50 
pali^ebral,  641 
to  parotid  gland,  961 
patellar,  604 
pathetic,  636 

perforans  coccygeus  majoi',  615 
perforating  cutaneous,  615 
pericardiac,  654 
perineal,  617 

of  fourth  sacral,  615 

of  small  sciatic,  614 

superficial,  617 
to  perineal  muscles,  617 
peroneal,  605,  606,  608 

communicating,  60H 
to  peroneus  brevis,  609 

longus,  609 
^letrosal,  great  deej),  645,  666 
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Nerve  or  Nerves,  petrosal,  small  deep,  648, 
666 

petrosal,  superfjcial,  external,  645 
large,  645 
small,  645,  648 
pliaryiigeal,  987 

of  Meckel's  ganglion,  64] 

of  ninth  nerve,  648 

of  sympathetic,  665 

of  vagus,  650 
plirenic,  575,  579,  580,  1182 
of  i^inna,  702 

plantar,  external,  612,  1219 

internal,  611,  1219 
2)neuniogastric.    Sec  Nerve  vagus 
popliteal,  external,  605,  606,  608,  1211,  1215 

internal,  605,  606,  610,  1212 
to  prevertebral  muscles,  575,  579,  580 
to  psoas  muscle,  600 
pterygoid,  external,  642 

internal,  642 
pterygo-palatine,  641 
pudendal,  inferior,  614 
pudic,  616 
pulmonary,  668,  938 
to  ])yramidalis  niuscle,  596 
to  pyriformis,  607 
to  cpiadratus  femoris,  607,  610 

lumborum,  600 
radial,  591,  1208 
to  radio-carpal  joint,  585 
to  radius,  586 
of  rectum,  1046 
to  rhomboids,  582 
sacculo-ampuUaris,  724 
sacral,  565.    See  aim  Plexus,  lumbar,  sacral 

anterior  primary  divisions  of.    See  Plexus, 
sacral,  pudendal 

posterior  primary  divisions  of,  571 

visceral  branches  of,  669,  672 
sacro-coccygeal  anterior,  616 

posterior,  572 
saphenous,  long,  604,  1215,  1217,  1219 

short,  611,  1219 
to  scaleni,  575,  577,  579,  583 
to  scalp-muscles,  378 
scapular  posterior,  582 
sciatic,  great,  605,  606,  1210,  1211 

small,  613,  615,  623,  1211 
segmental,  of  head,  659 
to  semicircular  canals,  647 
to  shoulder-joint,  583,  590 
of  skin,  729 

of  small  intestine,  1020,  1023 

sjiheno-palatine,  640 

to  sphincter  ani,  615,  617 

pupillae,  689 
spinal,  414,  565 

anterior  primarv  divisions  of,  567,  572, 

573,  620 
classification  of,  421,  565 
develoi^ment  of,  618 
distribution  of,  general,  567,  568,  574 
to  limb-muscles,  623,  629 
to  skin  of  lindjs,  623,  626 
formation  of,  620 
ganglia  of,  566 

gray  rami  of,  573,  574,  575,  578,  580,  593, 

594,  596,  598,  605,  613 
morphology  of  primary  divisions  of,  572 
number  of,  565 
origin  of,  421,  423,  429,  565 


Nerve  or  Nerves,  spinal,  posterior  ])riniary 

divisions  of,  567,  568,  620 
spinal,  recurrent  branches  of,  567 
relation  of,  to  meninges,  567 

to  vertebriE,  565,  1196 
roots  of,  565,  566.    See  also  Nerve-roots 

dorsal,  566,  619,  662,  663 

ventral,  566,  619,  662 
segmental  disj)osition  of,  568,  572 
size  of,  565 

somatic  portion  of,  573,  620,  667 
splanchnic  portion  of,  573,  620,  663,  664, 
667 

visceral  branches  of,  567,  620,  673 
white  rami  of,  567,  573,  574,  594,  596,  598, 
605,  613,  620,  662,  667 
spinal  accessory,  654,  659,  1182 

accessory  part  of,  654,  658,  661 
deep  origin  of,  477 
development  of,  658 
medullary  part  of,  478 
nucleus  of,  477,  478 
spinal  part  of,  477,  654,  658,  661 
superficial  origin  of,  447,  477,  654 
splanchnic,  668 
great,  668 
least,  668 
small,  668 
of  stapedius  muscle,  645,  713 
sternal  descending,  575,  576,  580 
to  sterno-mastoid,  575,  577 
of  stomach,  1010 
to  stylo-pharyngeus,  648 
to  subclavius,  582 
of  sublingual  gland,  963 
of  submaxillary  gland,  962 
suboccipital,  568,  572 

ganglion  of,  566,  568 
suljscapular,  583,  593 
long,  593 
lower,  593 
short,  593 
suiiraclavicular,  of  brachial  plexus,  582 

of  cervical  plexus,  576 
supramandibular,  646 
supraorbital,  638,  1160 
suprascai)ular,  582,  583,  631 
supratrochlear,  638,  1160 
sural,  608,  615 

sympathetic.    See  Sympathetic 
to  short  muscles  of  little  finger,  588 

of  thuml),  586,  588 
of  taste,  726 

temporal,  of  auriculo-temporal,  643 

deep,  642 

of  facial,  646 

of  orbital,  1160 

of  superior  maxillary,  640 
to  tensor  palati,  644 
tympani,  644,  713 
vagiupe  femoris,  607 
tentorii,  637 
to  teres  minor,  590 
thoracic,  565,  571,  573,  593 

anterior  primary  divisions  of,  593 

communications  of,  593,  594,  596 

cutaneous  branches  of,  571,  593,  594,  595, 
596 

external  anterior,  583 
first,  593 

internal  anterior,  583 
long,  582 
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Nerve  or  Nerves,  tlioracif,  muscular  brauolies 
of,  593,  594,  595,  596 
posterior  primary  divisions  of,  571 
second,  593 
twelftli,  596 
to  tibia,  610 

tibial,  605,  606,  608,  610 

anterior,  608 

communicating,  610 

posterior,  610 

recurrent,  608 
to  tibio-fibular  joint,  608,  610 
of  tongue,  656,  956 
of  tonsil,  648,  986 
to  transversalis  abdominis,  596 
to  trapezius,  575,  577 
to  triangularis  sterni,  595 
trifacial.    See  Nerve,  trigeminal 
trigeminal,  637,  644,  659 

ascending  root  of,  485 

deep  origin  of,  485 

development  of,  657 

divisions  of,  637 

Gasserian  ganglion  of,  637 

mesencephalic  root  of,  466,  486,  499 

motor  root  of,  466,  486,  637,  657,  659 

nuclei  of,  466,  485,  486,  488,  499 

sensory  root  of,  485,  637,  657,  659 

spinal  root  of,  464,  466,  485,  488 

superficial  origin  of,  450,  485,  637 
troclilear,  636,  659 

communications  of,  637 

deep  origin  of,  499 

development  of,  657 

nucleus  of,  499 

superficial  origin  of,  451,  499,  634 
tympanic,  648,  660,  714 
to  ulna,  586 

ulnar,  583,  587,  1203,  1205,  1208 

collateral,  591 

commimicating,  587 
to  utricle,  647 
vagus,  649,  660,  1010,  1 182 

abdominal  branches  of,  651 

afl'erent  fibres  of,  478 
root  of,  658,  660 

branches  of,  650 

cardio-inhibitory  fibres  of,  654 

communications  of,  650,  651 

deep  origin  of,  478 

development  of,  658 

efferent  fibres  of,  478 
root  of,  658,  659,  660 

ganglion  of  root  of,  649,  650 
of  trunk  of,  649,  650 

in  jugular  foramen,  649 

left,  650,  651 

in  neck,  649,  651 

nucleus  of,  452,  478,  479 

right,  650,  651 

roots  of,  478,  479,  480,  658,  659,  660 

superficial  origin  of,  447,  649 

in  thorax,  649,  651,  652 

viscero-motor  fibres  of,  654 
vestibular,  647,  723 

connexion  with  cerebellum,  482 

deep  origin  of,  480 

descending  root  of,  481,  482 

nucleus  of,  452,  481,  482 
Vidian,  641,  645,  666 
zygomatico-facialis,  640 
zygomatico-temporalis,  640 


I  Nerve,  zygoma  ticus,  640 
Nerve-cells,  416 

axons  of,  416.    See  also  Axon 
of  brain,  416 

cellulipetal  processes  of,  419 
of  cerebellum,  474 
of  cerebral  cortex,  543 
dendrites  of,  416 

development  of,  417,  418,  419,  436 

ganglionic,  418 

of  Golgi,  430,  544 

])rocesses  of,  416 

of  Purkinje,  474,  475 

radicular,  430 

of  spina!  cord,  416,  429 

ganglia,  566 

strand,  431 
of  sympathetic  ganglia,  662,  663 
Nerve-fibres,  414 

afferent,  415,  418,  419 
collateral,  416,  418 
eff'erent,  416,  419 

myelinisation  of,  431,  435,  438,  496,  552 
non-meduUated,  415 
primitive  sheath  of,  415 
splanchnic,  aft'ereiit,  663,  664,  667 

efferent,  663,  664,  667,  668 

peripheral,  664 
sympathetic,  662 

cervical,  664 

destinations  of,  663 

meduUated,  662,  664 

non-meduUated,  662,  663,  664 

splanchnic,  662,  663,  664,  667,  668  " 
terminations  of,  415,  418 
Wallerian  degeneration  of,  431 
Nerve-roots,  414 
cranial,  414 

spinal,  421,  565,  566,  618 

anterior,  414,  423,  429,  437,  438,  566,  619, 
662 

posterior,  414,  423,  432,  433,  437,  566,  619, 
662,  663 
Nervous  system,  414 

cerebro  -  spinal,  414.     See  also  Cerebro- 
spinal 

sympathetic,  414.    See  also  Sympathetic 
Neural  arch.    See  Arch 
arteries,  793,  806 
canal,  74,  85,  87 
crest,  20 
ectoderm,  27 
fold,  63 
groove,  19,  63 
tube,  20,  435 

alar  lamina  of,  436,  437,  442,  487,  488,  500, 

510,  552,  656,  657,  658 
basal  lamina  of,  436,  437,  444,  487,  500, 

510,  553,  656,  657,  658,  659 
cellular  buds  of,  619 
cential  canal  of,  435,  436,  600 ' 
development  of  cranial  nerves  from,  656 

of  spinal  nerves  from,  618 
ependymal  layer  of,  436 
flexures  of,  443 

limiting  membrane  of,  external,  435 

internal,  435 
mantle -layer  of,  436 
mid-dorsal  lamina  of,  435,  487 
mid-ventral  lamina  of,  435,  487 
myelospongium  of,  436 
neuroblasts  of,  436,  487,  488 
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Neural  tube,  peripheral  reticular  layer  of,  436 

Neurenteric  canal,  19,  63 

Neuroblasts,  21,  417,  436,  487,  488,  619,  699 

Neuro-ceutral  synchondrosis,  89 

Neuroglia,  419,  428,  431 

Neurology,  3 

Neuronieres,  20 

Neuron,  21,  418,  419 

Nictitating  membrane,  695 

Nipple,  1146,  1148 

Nodule  of  cereliellum,  46!) 

Nose,  675 

ala  of,  675 

alar  sulcus  of,  675 

bridge  of,  675,  1172 

cartilages  of,  675 

develo])ment  of,  36,  38,  39,  40,  65 
floor  of,  1174 

fossffi  of,  144,  168,  172,  677.    Sff  iiho  Nasal 
fosste 

liiatus  .semilunaris  of,  1175 

linien  of,  677 

lymphatics  of,  675,  681 

meatuses  of,  678.    See  also  Meatus 

mucous  membrane  of,  679 

muscles  of,  376,  378 

nasal  index  of,  675 

nerves  of,  675,  681 

olfactory  i)art  of,  678,  680 

outer,  675 

respiratory  part  of,  678,  679 
septum  of,  675,  678,  1174 
surgical  anatomy  of,  1174 
ventricle  of,  677 
vestibule  of,  677 
vessels  of,  675,  681,  834 
No.stril,  675 

Notch  of  Riviui,  706,  1167 

Notochord,  23,  176 

Notochordal  area,  22 

Nuck,  canal  of,  1131 

Nuclear  layer  of  retina,  690,  691 

membrane,  9 

juice,  8 
Nucleolus,  8,  9 

Nucleus  or  Nuclei,  of  al)ducent  uei-ve,  465,  484, 
485,  496,  497 
ambiguus,  478,  479 
amygdaloid,  535,  537,  541 
arcuate,  453,  460,  488 
ai'cuatus  of  thalamus,  503 
of  auditory  nerve,  452.    Si-c  (tls(j  Nucleus, 

cochlear,  vestibular 
of  Bechterew,  481 
cochlear,  480,  481,  493,  497 
of  cells,  8 

during  mitosis,  10 

segmentation,  15 
central,  of  Luys,  503,  505 
of  corpus  manimillare,  507,  531 
caudate,  533,  537 

cuneate,  449,  450,  453,  456,  457,  459,  482, 
488 

dentatus,  471,  472  • 
of  Deiters,  481,  482 
dorsal,  of  cord,  43 
emboliformis,  471 
facial,  464,  482,  484 
fastigii,  471 

of  fasciculus  solitarius,  479,  484 
globosus,  471 

gracile,  449,  450,  453,  456,  457,  459 


Nucleus  or  Nuclei,  glo.sso-jduiryngeal,  452,  478, 
479 

hypoglossal,  452,  476,  477 
of  lens,  694 

lateralis  of  medulla,  461 
of  lateral  fillet,  467,  481 
lenticular,  537,  538,  540 
motor,  476 

of  medulla  oblongata,  452,  453,  487 

of  origin  of  nerves,  476,  487 

oculo-motor,  496,  500 

of  optic  nerve,  511 

olivary  accessory,  458,  461,  488 
inferior,  448,  453,  458,  460,  488 
superior,  464,  467,  481,  482,  485,  497 

l)ontis,  462,  463,  464,  465,  466,  467,  472, 
498 

of  pons,  462,  463,  464,  465,  498 
pyramidal,  453 
roof,  471,  472,  482 
red,  494,  495,  505 
spinal  accessory,  477,  478 
trigeminal,  466,  485,  486,  488,  499 
of  termination  of  nerves,  476,  487 
trochlear,  496,  499 
thalamic,  503 
vagus,  452,  478,  479 
vestibvdar,  452,  481,  482 
Nuchal  furrow,  1184 
lines,  106,  160,  154 

plane  of  occiijital  bone,  106,  150,  154,  157, 
161 

Nuel,  space  of,  722 

Nutrient  arteries.    See  Arteries 

Nymphre,  1137 

Obelion,  154,  175 
Obe.\,  473 

Oblique  ligament,  275 

line,  anterior,  of  radius,  195 
external,  of  jaw,  139 
internal,  of  jaw,  140,  162 
of  tibia,  226 
Oblique  vein  of  Marshall,  739,  826,  882 
Obliquus  externus  abdominis  muscle,  399 
inferior  muscle,  of  neck,  371,  372 
inferior  muscle  of  orbit,  380 
internus  abdominis  muscle,  401 
stijierior  muscle,  of  neck,  371,  372 
of  orbit,  379,  380 
Oliliterated  liypogastric  artery,  806 
Obturator  artery,  807,  902 
canal,  284 
crest,  211 

externus  muscle,  347,  352,  353,  373 
fascia,  409 
■  foramen,  207,  212 
gland,  873 

groove,  211,  212,  213 

internus  muscle,  349,  352,  353,  373 

membrane,  284 

nerve,  599,  602,  605 

l)lexus,  602,  604 

tubercle,  anterioi',  212 

posterior,  212 
vein,  850 
Occipital  angle  of  parietal  bone,  104 
artery.    See  Arteries 
bone,  100,  105,  148,  150,  154,  178,  155 

connexions  of,  109 

arcjiitecture  of,  109 

basilar  i)art  of,  106,  108,  109,  159,  165 
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Occipital  bone,  ossification  of,  109 

tabular  part  of,  106,  110 

variations  in,  109 

condylic  parts  of,  106,  108,  109 
condyles,  108,  109,  161 

third,  77,  109 
crest,  external,  106 

internal,  107,  166 
lobe,  523,  1162 
lymphatic  glands,  864 
nerves.    See  Nerve 

protuberance,  external,  106,  150,  154,  161 
internal,  107,  165 

shius,  841,  904 

sulcus.    See  Sulcus 

triangle,  1184 

vein,  831,  834 
OcciiHto-atloid  joint,  258 
movements  at,  372 

ligaments,  258 
Occipito-axoid  ligaments,  258 
Occipito-frontal  strand,  549 
Occipito-frontalis  muscle,  375,  378 
Occi2uto-mastoid  suture,  148,  161 
Occipito-temporal  gyri,  525,  526 

sulcus,  525 
Oculo-motor  nerve,  634,  635,  657,  659 

sulcus,  491 
Oculo-nasal  sulci,  39 
Odontoblasts,  974,  975,  976,  978 
Odontoid  ligaments,  259 

process,  77,  89,  90 
CEsoijhageal  arteries,  778,  794,  795,  892 

groove  of  liver,  1062 

opening  of  diaphragm,  396 

orifice  of  stomach,  1005 

plexus,  649,  653,  990 
(Esophagus,  943,  988 

abdominal  portion  of,  990 

cervical  portion  of,  989,  1183 

constrictions  of,  989,  991 

development  of,  992 

diaphragmatic  division  of,  990 

glands  of,  992 

relations  of,  989,  990 

structure  of,  991 

surgical  anatomy  of,  1192,  1196 

thoracic  part  of,  989 

variations  in,  991 

vessels  of,  992 
Olecranon  fossa,  188 

process,  189,  193,  1203 
Olfactory  area,  551 

bundle,  531 

bulb,  528,  545,  634,  661 
cells,  680 
cleft,  1175 
ganglion,  656,  661 
groove,  126,  164 
hairs,  680 

lobe,  443,  528,  547,  554 
lobule,  528 
nerve.    See  Nerve 
pits,  38 

sulcus,  520,  528 

tract,  528,  545,  634 

tubercle,  528 
Oligolecithal  ovum,  11 
Olivary  eminence,  119,  164,  448,  458 

nucleus.    See  Nucleus 
Olive,  448.    See  also  Nucleus,  olivary 
Omental  tuberosity  of  liver,  1063 


Omental  tuberosity  of  pancreas,  1075 
Omentum,  999 

gastro-colic,  999 

gastro-hepatic,  999,  1066 

gastro-splenic,  999,  1007,  1049,  1052,  1057, 
1151 

great,  999,  1005,  1007,  1015,  1032,  1049,  1053, 

1054,  1056,  1057 
small,  999,  1005,  1007,  1015,  1052,  1053, 
1056,  1065,  1066,  1073 
Omohyoid  muscle,  384,  387,  388 
Ontogeny,  1 
Oolemma,  10,  11 
Oosperm,  16 

Opercula  insulse,  514,  515,  516,  519 
Ophryon,  173 

Ophthalmic  artery,  770,  900 

nerve,  637,  660 

veins,  835 
Opisthion,  161,  166,  174 
Oj^isthotic  portion  of  temporal  bone,  117 
Opponens  minimi  digiti  muscle,  329,  334,  336 

poUicis  muscle,  329,  334,  336 
Of)tic  axis,  682 

chiasma,  440,  510,  552,  634,  657,  661 

commissure,  440,  510,  552,  634,  657,  661 

cup,  656,  661,  689 

disc,  689 

foramen,  120,  145,  164 
groove,  119 

nerve,  510,  633,  656,  661,  689,  698,  699 

radiation,  511,  542,  549 

stalk,  442,  656,  661,  698,  699 

thalamus.    See  Thalamus 

tract.    See  Tract 

vesicle,  442,  445,  698 
Ora  serrata,  689,  692 
Orbicular  ligament,  274 
Orbicularis  oris  muscle,  377,  378,  946 

palpebrarum  muscle,  376,  378 
Orbiculus  ciliaris,  687 
Orbit,  144,  171,  175 

fascia  of,  378 

muscles  of,  378,  380,  413 

veins  of,  834 
Orbital  artery,  765,  766 

canal,  146 

gyri,  520 

index,  175 

margin,  100,  101,  132,  172 
nerves,  640,  641 

plate,  102,  125,  145,  146,  147,  164 
process  of  malar  bone,  132 

of  palate  bone,  137,  138,  146 
septum,  696 
sulcus,  520 

wings  of  sphenoid,  120,  145 
Orbito-maxillary  frontal  suture,  126 
Orbito-nasal  centre,  131 
Orbito-sphenoids,  123,  176 
Orbito-tarsal  ligaments,  1174 
Organ  of  Corti,  720,  721.    See  also  Corti 

epibranchial,  659,  660 

of  Jacobson,  678 

of  lateral  line,  659 

of  Rosenmiiller,  1128 
Origin  of  muscles,  306 
Oro-glossus  muscle,  1176 
Orthocej^halic  skulls,  174 
Orthognathous  skulls,  175 
Os  calcis,  236,  241,  245,  1218 

centrale,  202 
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Os  cordis,  744 
coxae,  207 
rlitoridis,  1139 
Inc;E,  109 

iiiternietatarsuiu,  243 
Japoiiiciim,  133 
lingure,  142 

magnum,  197,  200,  203,  245 
odontoideum,  77 
orbiculare,  712 

planum  ol'etlimoid,  125,  126,  147 

penis,  1116 

pubis,  207,  211 

trigonum,  234,  235,  241,  245 

sustentaculi,  238,  241 

unguis,  134 

uteri  externum,  1129 

internum,  1139 
Vesaleanum,  243 
Ossa  triquetra,  197,  199,  203 
Ossicula  auditus,  710- 
articulations  of,  712 
development  of,  713 
ligaments  of,  712 
movements  of,  713 
epipteric,  116,  127 
of  Kerkring,  110 
Ossification,  70 

of  larpigeal  cartilages,  911 
of  special  bones.    See  under  the  several  bones 
Osteoljlasts,  70,  71 
Osteoclasts,  71 
Osteology,  3,  67 

Ostium  j^liaryngeum  of  Eustachian  tube,  708, 
709,  710" 
primum  of  heart,  880 
secundum  of  heart,  880 
tym])anicum  of  Eustachian  tube,  708 
abdominale  of  Fallopian  tube,  1126 
uterinum  of  Fallojiiau  tube,  1126 

Otic  ganglion,  644,  657,  665 
vesicle,  724,  725 

Otoconia,  719 

Ovarian  arterv,  798,  899,  1125,  1133,  1234 

fimbria,  1124,  1126 

plexus,  672 
■  vein,  849,  894,  905 

ligament,  1124,  1130 
Ovary,  1122,  1233,  1234 

bursa  of,  1130 

corpora  albicantia  of,  1124 

cor^Jora  lutea  of,  1124 

descent  of,  1124 

development  of,  1144 

egg-tubes  of,  1125 

Graafian  follicles  of,  1124,  1128,  1144 

ligament  of,  1124,  1130 

niesovarium  of,  1123,  1124,  1130 

nerves  of,  1125 

ova  of    Sec  Ovum 

position  of,  1123 

primitive  follicles  of,  1144 

structure  of,  1124 

suspensory  ligament  of,  1124 

vessels  of,  1125 
Ovules  of  Naboth,  1133 
Ovum,  7,  10,  1124,  1125,  1144 

alecitlial,  11 

centrolecitlial,  11 

at  different  periods,  62 

eutelolecithal,  11 

fertilisation  of,  15,  62 


Ovum,  maturation  of,  12 
oligolecithal,  1 1 
primitive,  1144 
segmentation  of,  16,  62 
special  characters  of,  12 
telolecithal,  11 

Pacchionian  bodies,  561,  730,  840 

depressions,  104,  162 
Pad,  incisive,  948,  949 

suctorial,  373,  378,  947 
Palatal  proce.ss,  127,  129,  157,  168 
Palate,  943,  948 

arches  of,  949,  950,  984,  987 

bone,  100,  136,  146,  152,  155,  168 

cleft,  131,  963,  1177 

develoiiment  of,  39,  40,  963 

glands  of,  948,  949 

hard,  148,  155,  157,  172,  173,  175,  945,  948, 
1177 

incisive  pad  of,  948 
mucous  membrane  of,  949 
muscles  of,  390,  413 
nerves  of,  950 

pillars  of,  949,  950,  984,  987 

raphe  of,  948 

ruga;  of,  948,  949 

soft,  945,  948,  1196 

taste -buds  of,  725 

uvula  of,  949 

vessels  of,  950 
Palatine  arches,  949,  950,  984,  987 

aponeurosis,  949 

artery.    See  Arteries 

canal,  accessory,  138,  154,  158 
anterior,  130,  157,  168 
posterior,  129,  130,  137,  138,  154,  157 

foramen,  posterior,  1177 

fossa,  anterior,  130,  157 

nerves,  641,  950 

vein,  835 
Palato-maxillary  canal,  129 

index,  175 
Palato-glossus  muscle,  386,  387,  388,  391 
Palato-pharvngeus  muscle,  389,  390,  391 
Pallium,  528 

Palm,  surgical  anatomy  of,  1208 
Palmar  arch,  deep,  792,  893,  902,  1208 
superficial,  791,  893,  902,  1208 

fascia,  323 
Palniaris  brevis  muscle,  321 

longus  muscle,  324,  334,  335 
PalpeliriB,  695 
Palj^ebral  fissure,  695 

ligaments,  696,  1174 

nerves,  641 
Pampiniform  plexus,  849,  1107 
Pancreas,  943,  945,  1073 

accessory,  1078 

development  of,  1078 

ducts  of,  945,  1073,  1077,  1078 

lesser,  1078 

nerves  of,  1078 

on\ental  tuberosity  of,  1075 

peritoneal  relations  of,  1077 

processus  uncinatus  of,  1074,  1078 

structure  of,  1077 

surgical  anatomy  of,  1229 

variations  in,  1078 

vessels  of,  1078 
Pancreatic  artery,  800,  1078 

ducts,  1017,  1019 
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Pancreatic  veins,  859 

Pancreatico-dnodenal  artery.    See  Arteries 
Panniculus  adiposus,  306 

carnosus,  375 
Papilla,  bile,  1019,  1070 

duodeni,  1019,  1070 

lacrinialis,  695,  697 

mamnise,  1146 

palatini,  948 

pili,  732 

of  tooth,  975,  976 
Papilliie  of  nail,  731 

renal,  1085 

of  skin,  728 

of  tongue.    See  Tongue 
Paracentral  lolnile,  520 
Parachordal  cartilages,  176 
Paradidymis,  1105,  1140 
Paraduodenal  fossa,  1018,  1019 
Parallel  fissure,  1160 

sulcus,  525 
Paraniastoid  process,  109 
Paramedial  sulcus,  518,  519,  520 
Parametrium,  1130,  1132 
Parapophysis,  91 
Pararectal  fossa,  1039,  1051 
Parasinoidal  sinuses,  561 
Parasternal  line,  1184 
Parathyroid  glands,  1156 
Paravesical  fossa,  1050,  1099 
Paraxial  mesoderm,  24 
Parietal  artery,  765 

bone,  100,  103,  148,  154,  155 
ossification  of,  105 
variations  in,  105 

eminence,  103,  150,  1161 

foramen,  104,  105,  154,  162 

gvri.    See  Gyri 

lobe,  520 
Parieto-mastoid  suture,  148 
Parieto-occipital  artery,  776 
fissure,  517,  1160,  1161 
Parieto-temporal  artery,  773 
Paroccipital  process,  77,  109 
Paroophoron,  1128,  1130,  1140 
Parotid  arteries,  763,  764 

duct,  961,  1173 

fascia,  960 

gland,  945,  959,  1166,  1173 

accessory,  961 

development  of,  963 

duct  oi;  961,  1173 

nerves  of,  961 

socia  of,  961 

vessels  of,  961 
lymphatic  gland,  865 
recess,  959 
Parovarium,  1128,  1130,  1140 
Pars  ciliaris  retinte,  687,  689,  692,  698 

intermedia  of  Wrisberg,  644,  645,  647,  657, 

660 

iridica  retina;,  688,  689,  692,  698 

membranacea  septi,  746,  896 

niammillaris  hypothalami,  501,  553 

optica  hyijotlialami,  501,  553 

ojitica  retinffi,  689 
Patella,  223,  1214 

articular  surface  of,  289 

ligaments  of,  289,  338,  343,  354,  1214 
Patellar  plexus,  604 
Pathetic  nerve,  636 
Pectineal  line,  220 


Pectineus  muscle,  345,  352,  353 
Pectoral  artery,  784 
girdle,  246 

lymphatic  glands,  867 
region,  fasciie  of,  309 

muscles  of,  310 
ridge,  185 

Pectoralis  major  muscle,  310,  313,  317,  397 

minor  muscle,  311,  313,  397 

minimus,  312 
Pedicles  of  vertebrte,  74,  75,  77,  78,  80 
Peduncles  of  cerebellum.    See  Cerebellum 

of  cerebrum,  491 

olivary,  458 

of  pineal  bodv,  506,  552 
Pelvic  colon,  1023,  1034,  1035,  1227 
fasciiB,  994 
parietal,  409 
visceral,  409 
girdle,  207,  246 

mesocolon,  1000,  1035,  1036,  1049 
plexus,  670,  671,  672 
Pelvis,  213,  995 

articulations  of,  281 
axis  of,  215 
brim  of,  215,  995 
cavity  of,  996 
diameters  of,  215,  216 
false,  214 
fascia;  of,  405,  409 
growth  of,  216 
inlet  of,  215,  216 
ligaments  of,  281 
lymphatics  of,  870 
major,  214 

mechanism  and  movements  of,  284,  353,  37 
405 

minor,  214 

muscles  of,  405,  410 

outlet  of,  215,  216 

peritoneum  of,  1049 

IDOsition  of,  215 

renal,  1087,  1140,  1142 

surgical  anatomy  of,  1223 

sexual  differences  in,  215,  217 

true,  214,  215,  216 
Penis,  1104,  1114 

bone  of,  1116 

bulbus  urethrte  of,  1115 

corona  glandis  of,  1114 

corpora  cavernosa  of,  1114,  1115 

corj)us  spongiosum  of,  1114,  1116 

crura  of,  1115 

development  of,  1141,  1146 

dorsal  vein  of,  852 

glans  of,  1114,  1146 

meatus  urinarius  of,  1114 

nerves  of,  1116 

pr;ieputial  glands  of,  1115 

prepuce  of,  1115 

septum  of,  1115 

structure  of,  1115 

suspensory  ligament  of,  1115,  1121 

tunica  albuginea  of,  1115 

vessels  of,  809,  1116 
Perforated  space.    See  Locus  perfoiatus 
Perforating  arteries.    See  Artery 
Pericardiac  nerve,  654 
Pericardiaco-phrenic  artery,  780 
Pericardial  area  of  fa-tus,  22,  31,  875 

arteries,  781,  794,  875 
Pericardium,  748 
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Pericardium,  develoi>ment  of,  875 

great  transverse  sinus  of,  749,  750 

paracentesis  of,  1192 

sinuses  of,  749 

structure  of,  750 

vestigial  fold  of,  739,  750 
Pericliondriuni,  70 
Pericranium,  1159 
Perih'mpli,  717,  725 
Perimysium  externum,  .305 

internum,  305 
Perineal  artery,  809,  1113 

body,  1136  ' 

fascia  of  Colles,  12.30 

fold,  44 

ligament,  transverse,  284 

nerves.    See  Nerves 
Perineum,  1136 

centsal  point  of,  1230 

fascia;  of,  405 

muscles  of,  406 

rectal  triangle  of,  1230 

surgical  anatomy  of,  1230 

triangular  ligament  of,  284 

urogenital  triangle  of,  1230 
Periosteum,  69,  70,  71 

alveolo-dental,  966,  975,  977 
Perirenal  arteries,  798 
Peritoneal  cavity,  1223 

subdivisions  of,  1223 
Peritoneum,  943,  997,  1046 

development  of,  1054,  1056 

duodenal  fossa;  of,  1018 

duodeno-jejunal  fossa  of,  1019,  1226 

femoral  fossa  of,  1048 

folds  of,  999.    See  also  Mesentery,  Mesocolon, 
Omentum 

foramen  of  Winslow  of,  999 

great  sac  of,  999,  1047 

inguinal  fossfe  of,  1048,  1051 

intersigmoid  fossa  of,  1036,  1226 

ligaments  of,  1000,  1099,  1130,  1050,  1234 

mesenteries   of,  999.    See   also  Mesentery, 
Mesocolon 

mesenterico-mesocolic  fold  of,  1019 

omenta  of,  999.    See  also  Omentum 

paraduodenal  fossa  of,  1018,  1019 

Ijararectal  fossa  of,  1039,  1051 

l^aravesical  fossa  of,  1050,  1099 

parietal,  1047 

pelvic,  1049 

pouch  of  Douglas  of,  1039,  1050,  1130,  1233, 
1234 

processus  vaginalis  of,  1111,  1131 
recto-vesical  pouch  of,  1039,  1049,  1099,  1232 
relation  of,  to  bladder,  1099 

cgecum,  1026 

colon,  1032,  1034,  1035 

duodenum,  1015,  1017,  1018,  1019 

kidnev,  1083 

liver, '1065 

jiancreas,  1077 

rectum,  1039 

spleen,  1151 

stomach,  1006 

uterus,  1129 
small  sac  of,  999,  1003,  1015,  1047,  1051, 

1057,  1223 
surgical  anatomy  of,  1223 
utero-vesical  jwuch  of,  1050,  1130 
visceral,  1047 
Perivascular  lym])h-s])aces,  860 


I  Permanent  teetli,  964,  965,  966,  977 
Perpendicular  fissure,  522,  555 
Peroneal  artery.    See  Artery 

bone,  228 
i      nerve.    See  Nerve 

septum,  1216 

spine,  237,  238 

tubercle,  1218 
Peroneus  accessorius  muscle,  357 

brevis  muscle,  357,  363,  364 
I  longus  muscle,  357,  363,  364 
'      quinti  digiti  muscle,  357 

tertius  muscle,  356,  363,  364 
Peroneo-calcaneus  muscle,  357,  361 
'  Peroneo-cuboideus  muscle,  357 
Pes  anserinus,  646 

hippocampi,  535 
Petit,  canal  of,  693 

triangle  of,  309,  401,  1194 
I  Petro-basilar  fissure,  115 
I  Petro-mastoid  suture,  1169 
Petro-occipital  ti.ssure,  160 
Petrosal  artery,  766 

nerve.    See  Nerve 

process,  120 

sinus  inferior,  831,  842 
superior,  842 
Petro-squamous  fissure,  115 

suture,  110,  112,  116,  1168 
Petro-tympanic  fissure,  706 
Petrous  ganglion,  648,  658,  659 
Peyer's  patclies,  1012,  1013,  1022,  1023 
Plijcnozj'gous  crania,  155,  175 
Plialangeal  process  of  lamina  reticularis, 722, 

of  rods  of  Corti,  722 
Phalanges,  197,  206,  244 

of  foot,  244 

of  hand,  197,  206 
Pliaryngeal  arteries,  763,  882,  987 

nerve.s.    See  Nerves 

plexus,  648,  650,  665,  670 

tubercle,  108,  159,  162 

veins,  831 
Pliaryngotomv,  1180 
Pharynx,  943^  979 

aponeurosis  of,  987 

bursa  of,  983 

cavity  of,  981 

develojnnent  of,  32,  987 
■  Eustachian  cushion  of,  983 
orifice  of,  983 

glands  of,  987 

isthmus  of,  948,  982,  984 

laryngeal,  982,  986 

lateral  recesses  of,  981,  983,  984,  988 

levator  cushion  of,  983 

lymphatics  of,  987,  1178 

muscles  of,  388,  391,  413,  987 

naso-pharyngeal  groove  of,  983 

nerves  of,  987 

openings  of,  982 

oral,  982,  984 

palatine  arch  of,  posterior,  984 
pars  nasalis  of,  981,  982 
phai'yngo-epiglottic  fold  of,  986 
relations  of,  980 
salpingo-palatine  fold  of,  983 
salpingo-pliaryngeal  fold  of,  983 
sinus  pyriformis  of,  986 

tonsillaris  of,  984,  985,  988 
structure  of,  987 

supratonsillar  fossa  of,  984,  985,  986,  988 
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Pliaryiix,  tonsil  of,  palatine,  984,  985 
pliarvngeal,  983,  987 
vault  of,  983 
vessels  of,  987 

pliaryngo-epiglottic  fold  of,  952,  986 

pliaryngo-glossns,  1176 
Philtiiun,  38,  946,  963 
Phrenic  artery,  780,  794,  898 

nerve,  575,  579,  580,  1182 

vein,  848 
Phrenico-plenral  fascia,  932 
Phreno-colic  ligament,  1033,  1054 
Pliylogeny,  1 
Pia  mater,  562 

choroid  plexuses  of,  562,  563 
encephali,  562 
linea  splendens  of,  563 
ligamentum  denticulatnm  of,  564 
spinalis,  563 
tela  clioroidea  of,  562 
velum  interpositum  of,  562 
Pigmentary  layer  of  ojitic  vesicle,  698 
Pillars  of  Corti,  721 

of  external  abdominal  ring,  401 

of  fauces,  949,  984,  987,  1177 

of  fornix,  507,  508,  527,  531 
Pineal  body,  490,  506,  552,  553 

eve,  506" 
Pinna,  700,  701,  702 

development  of,  41,  42 
Pisi-cuneiform  articulation,  278 
Pisiform  bone,  197,  199,  203,  245,  1206 
Pisi-metacarpal  ligament,  278 
Pisi-unciform  ligament,  278 
Pit,  auditory,  63,  724 

nasal,  661 

of  neck,  91 

rectal,  1043 

of  stomach,  92,  99 
Pituitary  artery,  770 

body,  507,  533 

development  of,  40 

fossa,  118,  166,  176  . 
Placenta,  51,  55 

foetal,  52,  56 

maternal,  53,  55,  56 

separation  of,  57 
Placental  area,  23,  47,  50,  52  . 
Plantar  arch,  821,  893,  1219 

arteries.    See  Artery 

fascia,  355 

ligaments,  300 

nerves,  611,  612,  1219 
Plantaris  muscle,  358,  363,  364 
Platycnemia,  227 
Platymerie,  222 
Platyrhine  skulls,  175,  675 
Platysma  myoides,  374,  378,  413 
Pleura,  926,  927 

blood-vessels  of,  829,  923 

cervical,  927,  1186 

costal,  927,  928 

diaphragmatic,  927,  928 

lines  of  reflexion  of,  928,  929,  930,  931,  1188, 
1197 

lymphatics  of,  933 
mediastinal,  927,  928,  1189 
paracentesis  of,  1190 
parietal,  927 

phrenico-pleural  fascia  of,  932 
relation  of,  to  oesophagus,  990 
relation  of,  to  12tli  rili,  1188,  1197 


Pleura,  sinus,  costo-raediastinalis  of,  937 
phrenico-costalis  of,  935 

stomata  of,  933 

structure  of,  933 

surgical  anatomy  of,  1 188 

visceral,  927,  942 
Pleural  cavities,  926 

veins,  829 
Plexus  or  Plexuses,  annularis,  685 

aortic,  668,  669,  672 

of  Auerbach,  1010,  1023 

basilaris,  841 

brachial,  567,  573,  575,  580,  621,  1 183 

communications  of,  580,  582 

composition  of,  581 

infraclavicular  branches  of,  583 

inner  cord  of,  581,  583 

muscular  branches  of,  582 

nerves  of  distribution,  582 

outer  cord  of,  581,  583 

position  of,  680 

posterior  cord  of,  581,  583 

primary  cords  of,  581 

secondary  cords  of,  581 

supraclavicular  branches  of,  582 

variations  in,  631 
coeliac,  670,  671 

cardiac,  deep,  652,  666,  667,  670,  748 

superficial,  652,  665,  670,  748 
carotid,  666,  670 

external,  665,  670 
cavernosus  concharum,  680 
cavernous,   of   cervical    svmpathetic,  666, 
670 

of  clitoris,  673 

of  penis,  673 
cervical,  567,  573,  575,  1182 

ascending  branches  of,  575 

communications  of,  575,  577,  578 

cutaneous  branches  of,  575 

descending  branches  of,  575 

external  branches  of,  575,  577 

internal  branches  of,  575,  578 

morphology  of,  580 

muscular  branches  of,  575,  577,  579 

posterior,  570,  572 
choroid,  473,  489,  533,  535,  555,  562,  563 
coccygeal,  616 
coronary,  671 

anterior,  of  heart,  652 

posterior,  of  heart,  652 
diaphragmatic,  580,  671 
fundamental,  of  cornea,  685 
gulffi,  653,  990 
hiemorrlioidal,  672,  1046 

external  venous,  1046 

internal  venous,  1046 
hepatic,  671 

hypogastric,  670,  671,  672 

infraorbital,  641,  646 

of  limbs,  composition  of,  621 

development  of,  620 

distribution  of  nerves  of,  621,  630 

morphology  of,  620 

significance  of,  632 

trunks  of,  621 

variations  in,  631 
lumbar,  598,  599 
lumbo-sacral,  567,  573,  597 

communication  with  sympathetic,  598 

constitution  of,  597 

subdivisions  of,  598 
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Plexiif!  or  Plexuses,  lumho-sacial,  variations  in, 
632 

of  Meissner,  1010,  1023 
mesenteric  inferior,  672 

superior,  672 
obturator,  602,  604 
ojsophageal,  649,  653,  990 
ovarian,  672 
pampiniform,  849,  1107 
patellar,  604 
pelvic,  670,  671,  672 
pharyngeal,  648,  650,  665,  670 
post-vertebral,  venous,  843 
jirostatie,  672 

venous,  1116,  1117,  1118 
jirostatico- vesical,  venous,  851 
pterygoid,  venous,  835 
pudendal,  598,  613 

branches  of,  613 

morjjhology  of,  618 

position  and  constitution  of,  613 
pulmonary,  649,  668 

anterior,  652,  653 

posterior,  653 
renal,  668,  672 
sacral,  598,  605 

articular  branches  of,  606,  607 

communications  M'ith  sympathetic,  605 

muscular  branches  of,  606,  607 

position  and  constitution  of,  605 

posterior,  567,  571,  572 
sciatic,  598,  605 
solar,  670 
spermatic,  672 
spinal,  venous,  842,  843 
sjilenic,  671,  1151 
subclavian,  667,  670 
sube])ithelial  of  cornea,  685* 
subpleural,  artei'ial,  780 
subsartorial,  602 
suprarenal,  671 
sympathetic,  670 
thyroid,  666,  670 
tonsillar,  648,  986 
trunks  of,  605 
tympanic,  648,  666 
uterine,  673 

venous,  851 
utero-vaginalis,  1133,  1136 
vaginal,  673,  1133,  1136 

venous,  851 
vertebral,  667,  670 
vesical,  672,  1102,  1136 

A'enous,  inferior,  852 
superior,  851 
Plica  lacrimalis  of  Hasner,  698 
longitudinalis  duodeni,  1019 
semilunaris,  695 
triangularis  of  tonsil,  986 
PliciB  fimbriataj  of  tongue,  955 
Pneumogastric  nerve.    See  Nerve  vagus 
Point,  alveolar,  173 
jugal,  174 
occipital,  167,  173 
subnasal,  173 
Sylvian,  513 
Polar  bodies,  13,  14 
field,  9 

Poles  of  cerebj  uni,  512,  525 

of  eyeball,  682 

of  lens,  694 
Polvmastv,  1148 


Polyniori)hic  cells,  543,  544 
Polyphvodout  dentition,  978 
Polythelv,  1148 
Pomum  Adami,  908,  922,  1180 
Pons  hepatis,  1061,  1064 
Varolii,  450 

acnstic  area  of,  452 

central  tegmental  tract  of,  465 

corpus  trapezoides,  464,  481 

cortico-])ontine  fibres  of,  463,  498,  541,  542, 
549 

development  of,  441,  445,  488 
eminentia  teres  of,  452 
fillet-fibres  of,  465,  467 
fovea  superior  of,  452 
gray  matter  of,  462 
internal  structure  of,  462 
locus  c;eruleus  of,  452 
mesencejihalic  root  of  fifth  nerve  in,  466 
nuclei  of,  462,  463,  464,  465,  466,  467,  472, 
498 

origin  of  nerves  from,  450,  476 
position  and  connexions  of,  439,  440,  450 
posterior  longitudinal  bundle  in,  465,  467 
pyramidal  tract  in,  462 
rai^he  of,  464 

reticular  formation  of,  462,  464 
restiform  body  in,  464 
spinal  I'oot  of  fifth  nerve  in,  464 
substantia  feii'uginea  of,  452,  466 
sulcus  basilaris  of,  450 
tegmental  part  of,  462,  464,  472 
transverse  fibres  of,  462,  463 
veins  of,  838 
ventral  portion  of,  462 
Pontine  flexui'e  of  l)rain,  444 
Popliteal  artery,  818,  884,  893,  903,  1212 

fascia,  338,  1212 

groove,  221 

line,  226 

lymiihatic  glands,  869 

nerves.    See  Nerve 

space,  surgical  anatomy  of,  1212 

surface,  220 

vein,  852,  853,  905 
Popliteus  fascia,  359 

muscle,  359,  363 
minor,  359 
Pore,  gustatory,  725 
Porta  hejiatis,  1064 
Portal  canals,  1070 

fissure,  1063,  1064 

system,  738 

vein,  825,  856,  857,  884,  885,  895,  1070,  1197 
Porus  opticus,  689 

sudoriferus,  733 
Post-anal  gut,  44 
Post-auditory  jjrocess,  117,  118 
Post-auricula)'  ])oint,  1160 
Post-central  anastomoses,  890 

arteries,  793 

gyri,  521 

line,  1162 
Post-coronal  de])ression,  150,  155 
Post-costal  anastomoses,  889 
Post-glenoid  tubercle,  111 
Post-neural  anastomoses,  890 
Post-jjharyngeal  lymphatic  glands,  865 
Post-sphenoid  bone,  123 
Post-transverse  anastomoses,  890 
Post-vertebral  venous  plexus,  843 
Pouch  of  Douglas,  1039,  1050,  1130,  1233,  1234 
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Pouch,  duodenal,  1020 
■  of  Prussak,  714 

recto-genital,  1039,  1049,  1050 

recto-vesical,  1039,  1049,  1099,  1232 

utero-vesical,  1050,  1130 
Poupart,  ligament  of,  400,  1212 

line,  997  '  -  ■ 

plane,  997 

PrEecentral  sulcus,  518,  519,  520,  522,  1161 

Prsecordial  area,  1190 

Prsecuneus,  521 

Prtelaminar  arteries,  793 

Prreoccipital  notcli,  521 

Prseputium  clitoridis,  1137,  1139 

penis,  1115 
Preaortic  lympliatic  glaiids,  873 
Preauricular  lympliatic  gland,  1173 

point,  1160 
Precentral  line,  1161 
Prechordal  portion  of  skull,  176 
Precoracoid,  246 
Precostal  anastomoses,  889 
Prehallux,  245 

Pre-interparietal  bones,  109,  110 
Prelaminar  anastomoses,  890 
Prelaryngeal  lymjjhatic  glands,  865 
Premaxilla-,  131,  963 
Premaxillary  suture,  131 
Premolar  teeth,  965,  968 
Preneural  anastomoses,  890 
Prepatellar  liui'sa,  1214 
PrepoUex,  245 
Prepuce,  1115,  1139 
Presphenoid  bone,  123,  176 
Presternum,  91 
Pretracheal  glands,  865 
Prevertebral  arteries,  764 

fascia,  374 
Prickle-cells,  729 

Primitive  alimentary  canal,  31,  1054 

aorta,  875,  876,  883,  888,  892 

cerebral  vesicles,  441,  445 

groove,  19,  63 

heart,  878 

streak,  18,  19,  63 
Primordial  bones,  177 
Princeps  cervicis  artery,  763 

liallucis  arterv,  825 

poUicis  artery,  789,  902 
Prismata  adamantina,  973 
Proatlas,  109 
Proamnion,  21 
Proamniotic  area,  21 

Process  or  Processes,  accessory,  of  verteV)i'a>,  80, 
81 

acromion,  180,  182,  183 
alar,  of  ethmoid,  124 

alveolar,  of  superior  maxilla,  127, 129, 148, 172 
angular,  of  frontal  Iwne,  100,  102,  144,  1160, 
1172 

articular,  of  vertebrae,  74,  75,  77,  78,  79,  81, 

82,  83,  91 
axial,  of  neuroblasts,  21 
basilar,  106,  155,  176 
cajjitular,  of  vertebra,  91 
caudatus  hepatis,  1062,  1063 
ciliary,  687 
clinoid,  anterif)r,  120 

middle,  119 

posterior,  119,  164,  165 
cochleariform,  113,  706,  708,  1167 
coracoid,  180,  181,  183,  246,  1199 


Process    or    Processes,   coronoid,   of  infeiior 
maxilla,  141,  153,  1172 
coronoid,  of  ulna,  189,  190,  1204 
epicondylic,  of  humerus,  188,  189,  1203 
ethmoidal,  of  inferior  turbinated  bone,  135 
facial,  of  parotid,  960,  961 
falciform,  of  sacro-sciatic  ligament,  283 
frontal,  of  sujjerior  maxilla,  127,  129,  147 

of  malar  bone,  132 
fronto-nasal,  37,  38 
fronto-splienoidal,  132 
funicular,  of  jJeritoneum,  1111,  1131,  1221 
globular,  38,  39,  65 
hamular,  of  sphenoid,  122,  158,  1178 

of  lachrymal,  134 
intermaxillary,  39 
intrajugulare,  108 

jugular,  of  occipital  bone,  108,  157,  161 
lachrymal,  of  inferior  turbinated  bone,  135 
lateral  nasal,  38,  39 
lenticularis,  702 
malar,  of  suijerior  maxilla,  129 
marginalis,  of  malar  bone,  132 
mammillary,  of  vertebrrc,  81,  89 
mastoid,  113,  117,  118,  162,  172,  708,  1169 
maxillary,  of  inferior  turbinated  lione,  135 

of  palate  bone,  138 

of  inandibular  arcli,  34,  37,  39,  40,  65 
muscular,  of  arytenoid,  910 

of  vertebra,  73 
nasal,  of  frontal  bone,  101,  169 

of  sujierior  maxilla,  129,  168 
odontoid,  77,  89,  90 
olecranon,  189,  193,  1203 
orbital,  of  malar,  132 

of  palate,  137,  138,  146 
palatal,  127,  129,-157,  168 
paramastoid,  109 
paroccipital,  77,  109 
petrosal,  120 

jihalangeal,  of  lamina  reticularis,  722,  723 

of  rods  of  Corti,  722 
post-auditory,  117,  118 
pterygoid,  122,  158 
pterygospinous,  122 
pyramidal  of  palate,  138,  152,  158 
reticularis,  425 

sphenoidal,  of  palate  bone,  137,  138,  168 
spinous,  of  vertebriie,  74,  75,  77,  78,  80.  8],  82, 

85,  86,  90,  1184,  1193 
styloid,  of  fibula,  228 
"of  radius,  195,  196,  1205 

of  temporal  bone,  35,  112,  114,  117,  15], 
153,  160,  162 

of  ulna,  192,  1205 

of  thircl  metacarpal,  204,  205 
temporal,  of  malar  bone,  132 
of  Tomes,  978 

transverse,  of  vertebrje,  74,  75,  76,  77,  78,  79, 

80,  81,  84,  85,  86,  91,  162,  1182 
trochlearis,  237 

turbinated,  of  ethmoid,  125,  148,  168,  171 

tubarius  of  pterygoid  j^rocess,  709 

tubercular,  of  ^'ertebra,  91 

uncinate,  of  ethmoid,  126 

unciform,  of  unciform  bone,  201 

uncinatus  of  imncreas,  1074,  1078 

vaginal,  of  temporal  bone,  112,  151,  153,  160 

of  peritoneum,  1111,  1131,  1221 

of  s]ilienoid,  122,  158 
vermiform.    See  Vermiform  appendix 
vocalis,  of  aiytenoid,  910,  921 
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Process  or  Processes,  xiplioid,  91,  92 
zygomatic,  of  frontal  Ijone,  102 

of  temporal  bone,  110,  111,  151,  157 

of  su])ei'ioi'  maxilla,  127 

of  malar  bone,  132 
Proctod;enm,  44,  65,  1055 

Profunda  artei'y  of  i)o.sterior  ulnar  carjjal,  791 
brachii  inferior  artery,  786 

supei-ior  artery,  786 
cervicis  arti^ry.    See  Ai'leiy  ci^rvical 
clitoridis  artery,  809 
;    femoris  artery,  816,  903 

-penis  artery,  809,  1116 
Prognathous  skulls,  175 

Projection  fibres  of  cerebrum,  546,  549,  550, 
551 

Prominentia  canalis  facialis,  707 

spiralis,  720 

styloidea,  705 
Promontory  of  cochlea,  1167 

of  sacrum,  83,  215,  1197 

of  tympanic  cavity,  707 
Pronation,  nun'ement  of,  275,  321,  335 
Pronator  quadratus  muscle,  328,  334,  335 

radii  teres  muscle,  324,  334,  335 
Pronephros,  1142 
Pronucleus,  female,  13,  15 

male,  15 

Pro-otic  part  of  tenqioral  bone,  1 17 
Prophase,  9,  10,  13 
Prosencephalon,  441,  442,  445 
Prostate,  1104,  1116,  1233 

apex  of,  1117 

base  of,  1117 

develo])ment  of,  1146 

ducts  of,  1118 

glands  of,  1117,  1120 

lateral  lobes  of,  1117 

middle  lobe  of,  1117 

nerves  of,  1118 

structure  of,  1117 

surfaces  of,  1117 

vessels  of,  1118 
Prostatic  i)]exus,  venous,  672,  ]n6,  1117,  1118 

urethra,  1120,  1143 

utricle,  1120,  1140,  1145 
Prostatico-vesical  venous  plexus,  851 
Protoplasm,  8 

Protoplasmic  j)rocess  of  Deiters.    See  Dendrite 

remnant,  14 
Protovertebral  somites,  24,  28,  29,  63 
Protuberance,  mental,  139 

occipital  external,  106,  150,  154,  161 
internal,  107,  165 
Prussak,  pouch  of,  714 
Psalterium,  531,  547 

Psoas  magnus,  343,  352,  353,  372,  373,  405 

parvus,  372,  373 
Pterion,  116,  149,  164,  174,  1161 
Pterotic  part  of  temporal  bone,  117 
Pterygoid  artery,  767 

fossa,  122,  158 

muscde,  external,  381,  383 
internal,  382,  383 

nerves,  642 

notch,  123 

])late,  external,  122,  152,  158 
internal,  122,  123,  158,  168 
plexus,  venous,  835 
jjrocess,  122,  158 
ridge,  122,  150 
tul)ercle,  122,  158 


Pterygoid  vein,  835 
Pterygo-maxillary  fissure,  152,  153 
I  Pterygo-palatine  artery,  767 
I      canal,  122,  138,  154,  158 

nerve,  641 

sulcus,  122,  138 

vein,  835 
Pterygo-spinous  ligament,  261,  374 

j)rocess,  122 
Pubic  arch,  215 

artery,  807,  812 

crest,  211,  216,  1213 

ligaments,  284 

lymphatic  glands,  869 

portion  of  fascia  lata,  337 

region,  997 

spine,  211,  216,  1213 

vein,  855 
Pubis,  207,  211,  214,  246 
.  Pubo-capsular  ligament,  287 
Pubo-cavernosus  muscle,  408 
Pubo-coccygeus  muscle,  411,  1045 
Pubo-femoral  ligament,  287,  288 
Pubo-prostatic  ligaments,  410,  1101 
Pubo-rectalis  muscle,  411 
Pudendal  plexus,  598,  613 
,      nerve,  inferior,  614 
I  Pudendum,  1136 
Pudic  artei'y.    See  Artery 

nerve,  616 

veins,  851,  856 
Pulmonarv  area,  1192 

arterv,  750,  880,  883,  892,  938,  939,  941,  1 192 

nerves,  668,  938 

orifice,  744,  745,  1192 

plexus,  649,  652,  653,  668 

vascular  system,  738,  825 

valve,  745 

veins,  825,  888,  895,  938,  939,  941 
Pulp  cavity,  966,  976 
of  spleen,  1152 
of  tooth,  966,  975,  976 
Pulvinar,  490,  503,  510 
Puncta  lacrinialia,  697,  1174 
Pupil,  687 
dilator  of,  689 
;      sphincter  of,  689 
Pui^illary  border,  688 
membrane,  688,  699 
j  Purkinje,  cells  of,  474,  475 
I      fibres,  746 
Purple,  visual,  689 
Pyloiic  antrum,  1001,  1002,  1005 
I      artery,  800,  892,  1009 
canal,  1002,  1005 
ligaments,  1008 

portion  of  stomach,  1000,  1001,  1002,  1005 
sphincter,  1006,  1008 
1      valve,  1006 
I      vein,  858,  895,  1010 
Pylorus,  943,  1000,  1006,  1196,  1197,  1225 
Pyramid  of  cerebellum,  469 
of  kidney,  1086 
of  medulla  oblongata,  447,  488 
decussation  of,  446,  448,  453 
tract  of.    See  Tract 
of  tympanic  cavity,  705 
of  vestibule,  715 
Pyramidal  bone,  199 
1      cells,  543 

I      lobe  of  thyroid,  1155,  1156 
!      nucleus,  453 
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Pyramidal  i)rocess  of  palate  hoiw,  138,  152,  158  [ 

tract.    See  Tract 
Pyramidalis  abdominis  muscle,  402,  405  ; 

nasi  muscle,  376,  378 
Pyrenin,  9 

Pyriformis  fascia,  409 
^iiusele,  349,  352,  353,  373 

Quadrangular  lobule,  469 
Quadrate  lobe  of  liver,  1063 
lobule,  521 

Quadra tus  fenioris  muscle,  350,  352,  353  , 

lumborum  muscle,  405 
Quadriceps  extensor  femoris  muscle,  340,  352, 
353 

Quadrigeniinal   bodies.     See   Corpora  quad- 
rigemina 

Racemose  glands,  957 

Radial  artery,  786,  884,  893,  901,  902,  1208 

fossa,  187 " 

nerve,  591,  1208 

vein,  846,  888,  895,  904 
Radiale,  os,  245 

Radiation,  auditory,  542,  549,  551 

of  corpus  callosnm,  530,  546 

optic,  511,  542,  549 

thalamic,  501,  502,  503,  504 
Radicular  cells,  430 

veins  of  medulla  oblongata,  838 
Radii  lentis,  694 
Radio-carpal  joint,  275,  1205 

movements  at,  276  i 
synovial  membrane  of,  276 
Radio-ulnar  joint,  inferior,  274 

superior,  273 
Radius,  193,  1204,  1205 

arcliitecture  of,  196 

connexions  of,  196 

homology  of,  245 

movements  of,  on  ulna,  275 

ossification  of,  196 

variations  in,  196 
Radix  dentis,  965 

nasi,  675 

Rami  communicantes,  gray,  573,  574,  575,  578, 
580,  593,  594,  596,  598,  605,  613,  663 
cervical,  665,  666 
development  of,  673 
functions  of,  664 
lumbar,  669 
origin  of,  664 
sacral,  670 
thoracic,  668 
white,  567,  573,  574,  594,  596,  598,  605, 
613,  620,  662,  664,  667 
development  of,  673 
lumbar,  669 
origin  of,  662,  663 
sacral,  662 
thoracic,  667,  668 
thoracico-lnmbar,  662 
Ramus  of  ischium,  inferior,  210,  214,  215 
superior,  210,  214 
of  lower  jaw,  139,  140,  142,  153,  162,  1172 
pubic,  inferior,  211,  214,  215 
superior,  211,  214 
Ranine  artery,  760 

vein,  831,  956,  1176 
Raphe  of  medulla,  453,  488 
of  palate,  948 
of  pons  Varolii,  464 


I  Raphe  of  scrotum,  1113 

of  tongue,  952 
>  Rathke,  pouch  of,  40 
Rauber,  layer  of,  17 
Receptaculum  chyli,  861,  906 
Recess,  lateral,  ot  jiharynx,  981,  983,  984, 
988 

of  fourth  ventricle,  451,  473,  560 
jjarotid,  959 
Recesses  of  Troltsch,  714 
Recessus  cochlearis,  715 
^      ellipticu.s,  715 

ejiitympanicus,  704 
intersigmoidens,  1036 
labyrinthi,  725 
naso-i3alatinum,  678 
opticus,  510,  553 
pinealis,  510,  552 
pyriformis,  986 
sacciformis,  274 
sphsericus,  715 
supra-pinealis,  510 
sj^lieno-ethmoidalis,  168,  678 
utriculi,  718 
Rectal  fascia,  1041 
lymphatic  glands,  872 
triangle  of  perineum,  1230 
Recto-coccygeus  muscle,  1042 
Recto-genital  folds,  1050 

pouch,  1039,  1049,  1050 
Recto-uterine  fold,  1130 
muscle,  1130 
i  Recto-vaginal  fold,  1130 
Recto-vesical  fascia,  410 

pouch,  1039,  1049,  1099,  1232 
Rectum,  943,  1024,  1034,  1036 
ampulla  of,  1039,  1040 
anal  orifice  of,  1024 
curvatures  of,  1037,  1232 
development  of,  32,  43 
nerves  of,  1046 
pars  analis  of,  1041 
peritoneal  relations  of,  1039 
pits  of,  1043 
sphincter  of,  1045 
structure  of,  1042 
valves  of,  1038,  1043 
variations  in,  1046 
vessels  of,  1045,  1046 
Rectus  abdominis  muscle,  403 
capitis  anticus  major  muscle,  392 
minor  muscle,  392 
lateralis  muscle,  371,  372,  393 
23osticus  major  muscle,  371 
minor  muscle,  371 
femoris  muscle,  340,  352,  373 
muscle  of  orbit,  external,  379,  380 
inferior,  379,  380 
internal,  379,  380 
superior,  379,  380 
Red  marrow,  70 

nucleus,  494,  495,  505 
Regions,  al:)dominal,  997.    See  a.ho  Abdomen 
of  thorax.    See  Thorax 
i  Reichert,  cartilage  of,  143 
1  Reid,  base-line  of,  1164 
Reil,  island  of,  514,  516 
Reissner,  membrane  of,  719,  720 
Renal  artery,  797,  892,  899,  1087,  1229 
impression,  1063 
])lexus,  668,  672 
vein,  849,  888,  893,  894,  905 
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Reproductive  cells,  9,  10 

organs,  female,  1122 
male,  1103 
Reserve  germs  of  teeth,  977 
Respiration,  mo\-enient  of,  397 

muscles  of,  393,  397 

organs  of,  907 
Respiratory  system,  907 
Restiform  bodv,  449,  453,  464,  471,  488 
Rete  testis,  1106,  1144,  1145 
Reticular  formation,  425,  427,  453,  461,  462, 
464,  488 

process,  425 
Retina,  682,  689 

liacillary  layer  of,  690,  691 

bipolar  cells  of,  690 

blind  spot  of,  689 

blood-vessels  of,  692 

cone-granules  of,  691 

cones  of,  691,  699 

develojHneut  of,  442,  657,  698 

fovea  centralis  of,  689,  692 

ganglionic  layer  of,  690 

granule  layer  of,  690,  691 

horizontal  cells  of,  690 

macula  lutea  of,  689,  692 

memliran;e  limitantes  of,  692 

molecular  layer  of,  690,  691 

morphology  of,  661 

jiervous  lamiua  of,  689 

nuclear  layer  of,  690,  691 

optic  cap  of,  689 
disc  of,  689 

ora  serrata  of,  689,  692 

pars  ciliaris  of,  687,  689,  692,  698 
iridicte  of,  688,  689,  692,  698 
optica  of,  689 

physiological,  689 

relation  of  ojjtic  libres  lo,  510 

rod-granules  of,  691 

rods  of,  691,  699 

spongioblasts  of,  690,  699 

stratum  opticum  of,  690 
pigmeuti  of,  689,  690,  692 

structure  of,  689 

sustentacular  fibres  of,  689,  692,  699 

visual  purple  of,  689,  692 
Retinacula,  286 

cutis,  728 
Retinal  layer  of  optic  vesicle,  698 
Relrahens  aurem  muscle,  376,  378 
Retroc£ecal  foss;e,  1031 
Retrocolic  fossse,  1031 
Retro-jiharyngeal  space,  980,  987 
Retzius,  stripe  of,  973 
Rliineucepbalon,  528,  554 
Rhodopsin,  689,  692 
Rhoml)encephalon,  441,  445,  486 
Rhombic  lij),  488 
Rhomlioid  ligament,  266,  267 
Rhomboidal  sinus,  20 
Rhomboideus  major  muscle,  309,  313 

minor  muscle,  309,  313 
Ribs,  94,  1186 

architecture  of,  97 

bicipital,  97 

cartilages  of,  97,  263 

cervical,  78,  89,  91,  97 

eleventh,  96 

false,  94 

first,  96 

floating,  94 


Ribs,  lumbar,  89,  91,  97 
movements  of,  264,  397 
ossification  of,  97 
second,  96 
tenth,  96 
true,  94 

twelfth,  96,  1188,  1193,  1197 
variations  in,  97 
vertebral,  94 
vertebro-chondral,  94 
vertebro-sternal,  94 
Ridge,  basal,  of  tooth,  967 
epicondjdic,  186 
genital,  1144 

interosseous,  of  fibula,  229 
of  tibia,  226 

intertrochanteric,  218 

mylohyoid,  140 

obiique,  of  clavicle,  179 

pectoral,  185 

pterygoid,  122,  150 

superciliar)-,  101,  144,  172,  1172 

supraorbital,  101 

trapezoid,  179 

temporal,  101,  155 

Wolffian,  64,  620 
Riedel's  lolie  of  liver,  1067 
Rima  glottidis,  916,  921,  1180 

oris,  945 

palpebrarum,  695 

])udendi,  1136 
Ring,  abdominal,  externa],  401,  403,  1220 
internal,  403,  1220 

crural,  340,  401 

tymjianic,  117,  704 
Riolan,  muscle  of,  696 
Risorius  muscle,  377,  378 
Rivinus,  ducts  of,  963 

notch  of,  706,  1176 
Rods  of  Corti,  721 

head -plate  of,  721 
phalangeal  processes,  722 

retinal,  691,  699 
Rod-bipolars  of  retina,  690 
Rod-granules  of  retina,  691 
Rolandic  angle,  616 
Rolando,  fissure  of    See  Fissure 

funiculus  of,  449,  455 

substantia  gelatinosa  of,  424,  428,  433,  449, 
464 

tubercle  of,  449,  455 
Roof-nucleus,  471,  472,  482 
Root  of  lung,  938,  1190,  1197 
Roots  of  aortic  arches,  878,  882 
Roots  of  nerves.    See  Nerve-roots 
Root-meml)rane  of  teeth,  966,  975 
Rosenmtiller,  foss;e  of,  709,  983,  984,  1178 

organ  of,  1128 
Rosenthal,  canalis  spiralis  of,  716 
Rostrum  of  corpus  callosum,  530 

of  sphenoid  bone,  120 
Rotation,  movement  of,  251 
Rotator  humeri  muscle,  319 
Rotatores  dorsi  muscles,  371,  372 
Round  ligament  of  liver,  858,  885,  1066 

of  uterus,  1131,  1234 
Ruffini,  endings  of,  730 
RugiB  of  hard  palate,  948,  949 

of  scrotum,  1113 

of  stomach,  1009 

of  vagina,  1136 
Running,  movements  of,  365 
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Euyscli,  membrane  of,  686 

Sac,  lachrymal,  697,  699,  1174 
development  of,  39 

omental.    See  Peritoneum 

tooth,  977,  978 
Saccule,  715,  717,  718 

development  of,  725 

ductus  endolymphaticus  of,  718,  725 
reuniens  of,  718,  725 
utriculosaccularis  of,  718 

macula  acustica  of,  718 

sinus  utricularis  of,  718 
Sacculi,  laryngeal,  917 
Saccus  endolymphaticus,  718 

reuniens,  879 
Sacral  arteries.    See  Artery 

canal,  84 

ganglia,  670 

lymphatic  glands,  873 

nerves.    See  Nerves 

plexus.    See  Plexus 

promontory,  83,  215 

symi:)athetic,  669 

veins,  850,  851 
Sacro-coccygeal  joint,  256 

nerves,  572,  616 
Sacro-iliac  joint,  282,  1209 

ligaments,  282 
Sacro-sciatic  foramen,  214 

ligaments,  283 

notch,  214,  215 
Sacro-vertebral  angle,  85,  216 
Sacrum,  81,  213,  215,  216 

ossification  of,  90 

promontory  of,  83,  215,  1197 

serial  homology  of,  91 

variations  in,  84,  87 
Sagittal  fontanelle,  105 

plane,  5 

sulcus,  104,  107 

suture,  104,  154,  155,  172 
Saliva,  945 

Salivary  glands,  944,  945,  959 
structure  of,  958 
development  of,  963 
Salpingo-palatine  fold,  709,  983 
Salpingo-pharyngeal  fascia,  709 
fold,  709,  983 
muscle,  389 
Santorini,  cartilages  of,  911,  912 
fissures  of,  701,  703  . 
tubercle  of,  914 
Saphenous  artery,  818,  903 
nerve.    See  Nerve 
opening,  337,  1213 
veins.    See  Veins 
Sarcolemma,  305 

Sartorius  muscle,  340,  352,  353,  373 
Scala  media,  719 

tympani,  717 

vestibuli,  717  . 
Scalene  tubercle,  96 
Scalenus  anticus  muscle,  391,  397 

medius  muscle,  391,  397 

posticus  muscle,  392,  397 
Scalp,  1159 

arteries  of,  1159 

lymphatics  of,  1160 

muscles  of,  375,  378,  1159 

veins  of,  834,  1159 
Scansorius  muscle,  349 


Scapha  of  pinna,  700 
Scapho-cuboid  joint,  301 
Scapho-cuneiform  joint,  301 
Scaphoid  bone,  197,  198,  202,  203,  238,  245, 
1205,  1218 

fossa,  122,  158 
Scapula,  180,  1197,  1199 

architecture  of,  183 

connexions  of,  183 

homology  of,  246 

ligaments  of,  267 

movements  of,  313 

ossification  of,  183 

variations  in,  183 
Scaj)ular  arteries.    See  Arteries 

line,  1184 
Scapulo-clavicular  joint,  266 
Scarpa,  fascia  of,  1230 

foramina  of,  130,  157 

ganglion  of,  723 
Schindylesis,  248 
Schlemm,  canal  of,  683 
Schneiderian  membrane,  679 
Sclireger,  lines  of,  973,  974 
Schultze,  comma  tract  of,  433 
Sciatic  artery,  810,  884,  893,  902 

foramen,  great,  283 
small,  283 

nerve.    See  Nerve 

notch,  great,  210 
small,  210 

plexus,  598,  605 

veins,  851 
Sclera,  682,  683 

canal  of  Schlemm  of,  683 

development  of,  699 

foramina  of,  683 

lamina  cribrosa  of,  683 
fusca  of,  683 

spatium  perichorioideale  of,  683,  686 

sinus  venosus  of,  683 
Scleratogenous  layer,  28 
Sclero-cornea,  682 
Sclerotic  coat.    See  Sclera 
Scrotal  arteries,  809 
Scrotum,  1104,  1113,  1231 

development  of,  1146 
Sebaceous  glands,  732,  734 
Sebum  cutaneum,  732 
Secondary  bones,  177 

tympanic  membrane,  708 
Segmental  arteries.    See  Arteries 

type,  2 

veins,  888,  893 
Segmentation  cavity,  17 
of  head,  177 
masses,  8 
nucleus,  15 
of  ovum,  16,  62 
planes  of,  17 
Sella  turcica,  118,  164 
Semicanalis  m.  tensoris  tympani,  113,  706 

tubie  auditivfe,  113,  706 
Semicircidar  canals,  714,  715,  719  _ 
ampuUfe  of,  715,  716,  719 
crista  acustica  of,  719 
crus  commune  of,  716 
cupola  terminalis  of,  719 
development  of,  725 
external,  716,  1170 
membranous,  715,  719 
osseous,  714,  715 
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Semicircular  canals,  posterior,  716- 

superior,  715 
Semilunar  bone,  197,  198,  203,  245 
cartilage,  external,  292,  1215 

internal,  292,  1214 
fascia,  319 

ganglion,  668,  670,  671 
lobule,  470 
sjjace  of  Traube,  1225 
Semimembranous  muscle,  351,  352,  353,  1212 
Seminal  vesicles.    See  Vesicula  seminalis 
Seminiferous  tubules,  1105,  1144,  1145 
Seinispinalis  muscle,  370,  372 
colli,  370,  372 
dorsi,  370,  372 
Seniitendinosus  muscle,  351,  352,  353,  1210, 
1212 

Sense  organs,  675 
Septal  artery  of  nose,  762 
Septo-inarginal  tract,  433 
Septula  testis,  1105 

Septum  or  Septa,  of  aortic  bulb,  880,  897 
auricles,  741,  742,  743,  880,  896 
canalis  musculo-tubai'ii,  706,  708 
crural,  340 

intermedium,  of  heart,  879 
intermuscular,  of  arm,  318 
of  foot,  1219 
of  leg,  354 
of  tliigli,  338,  1210 
of  nose,  148,  155,  168,  J  71,  176,  676,  678, 
1174 
cartilage  of,  675 
development  of,  40 
orbitale,  696 

pectiuiforme,  of  penis,  1115 
jjellucidum,  531,  555 
jjeroneal,  1216 

posticum,  of  arachnoid,  560,  564 
of  scrotum,  405 
spurium  of  auricles,  881 
of  tongue,  955 
transversum,  876,  1072 

of  semicircular  canals,  719 
tubitt,  113 
of  uterus,  1133 
of  vagina,  1136 

ventriculorum,  744,  746,  879,  896 
Serial  homology,  3 
of  vertebra',  90 
Serous  glands,  958 

Serratus  magiius  muscle,  312,  313,  397,  1184 
posticus  inferior  muscle,  366,  372,  379 

sujjerior  muscle,  366,  372,  397 
Sesamoid  bones,  207,  246,  280,  303,  329,  343, 

359 

cartilages  of  larynx,  910 
of  nose,  676 
Sexual  eminence,  1141,  1146 
Sheath,  axillary,  783  . 

carotid,  373,  757 

crural,  340 

dentinal,  974 

digital,  of  fingers,  323,  1208,  1209 
of  toes,  355 

femoral,  398,  339,  814 

medullary,  415,  431 

primitive,  415 

of  rectus  muscle,  403 

synovial,  at  wrist,  322,  323,  1208 
Shin,  226 
Short  bones,  68 


Shoulder-blade,  180 
I      girdle,  183 

j         movements  of,  313,  388 
'      fascia!  of,  314 
joint,  268,  1200 

burs.ie  connected  with,  270 
movements  at,  270,  317,  321 
nerves  of,  583,  590 
muscles  of,  314 
surgical  anatomy  of,  1198 
Shrapnell,  memlirane  of,  706,  1J67 
Sigmoid  artery,  803,  1025 
cavity,  great,  190 
small,  190 
of  radius,  196 
flexure,  943,  1023,  1034 
mesocolon,  1000,  1034,  1036 
notch,  141,  143 
j      veins,  859 

Sinus  arcuatus,  33,  36,  963 
!      of  Arlt,  698 
basilar,  841 
cavernous,  841 
circular,  840 

coronary,  739,  742,  825,  826,  881,  895,  !)03 
costo-niediastinalis,  937 
epididyniidis,  1105 
ethmoidal,  169 

frontal,  102,  103,  125,  146,  169,  170,  172, 
1170 

great,  of  aoi'ta,  752 

oblique,  of  pericardium,  750 
transverse,  of  pericardium,  749 

inferior  of  utricle,  718 

intercavernosus,  840 

lactiferi,  1147 

laryngeal,  917 

lateral,  558,  841,  894,  904,  1162,  1165,  1169, 
1170 

longitudinal,  great,  557 

inferior,  557,  840,  904 

superior,  839,  1165 
of  Maier,  697 

maxillary,  127,  129,  130,  131,  146,  148,  168, 
169,  171,  172 
surgical  anatomy  of,  1175 

occiiaital,  841,  904 

of  palate  bone,  169 
1      parasinoidal,  1165 

petrosal  inferior,  831,  842 
■         superior,  558,  842 
i      plirenico-costalis,  935 
'      pocularis,  858,  1109,  1145 

of  portal  vein,  858 

pyriformis,  914,  986 

rectales,  1044 

rectus,  557,  841 
I      renal,  1079,  1085 
I      rhomboidal,  20 

sphenoidal,  118,  120,  123,  124,  147,  166,  168, 
169 

I  splieno-j)arietal,  841,  904 
!  squamo-petrosal,  894,  904 
j      straight,  557,  841 

superior,  of  utricle,  718 

tarsi,  236 

tonsillaris,  984,  985,  988 
transversus,  841 
tympani,  708 
utricularis,  718 
of  Valsalva,  752 
venosus,  877,  879,  880 
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Sinuses,  lymph,  861 

venous,  of  cranium,  835 
Skein,  chromatin,  10 
Skeletal  muscles,  305,  306 
Skeleton,  67 
.appendicular,  67,  68,  245 

axial,  67,  68,  177 

development  of,  23,  28,  34,  35,  39,  40,  45 
splanchnic,  67 
Skin,  727 

appendages  of,  730 
corium  of,  728 
development  of,  733  , 
of  embryo,  65,  66 

■epidermis  of,  728,  729,  733,  734,  735 

papillffi  of,  728 

pigment  of,  729 

retinacula  of,  728 

tactile  corpuscles  of,  729,  730 
discs  of,  730 
Skull,  99.    See  also  Cranium,  Face 

age  diiferences  in,  172 

akroceplialic,  174 

bones  of,  100 

brachycephalic,  173 

brachyfacial,  174 

brachyuranic,  175 

breadth  of,  174 

capacity  of,  172 
,    chamascephalic,  174 

chordal,  176 

consolidation  of,  178 

coronal  sections  of,  170 

cryptozygous,  155,  175 

dermic,  177 

development  of,  176 

dolicho-cephalic,  173 

dolicho-facial,  174 

doliclio-urauic,  175 

fixed  jDoints  of,  173 

height  of,  167,  172,  174 

hypsicephalic,  174 

indices  of,  173 

interior  of,  162 

length  of,  167,  173,  174 

leptorhine,  175 

ligaments  of,  253 

macrodont,  979 

measurements  of,  173 

megacephalic,  173 

megadont,  176 

megaseme,  175 

mesial  sagittal  section  of,  166 
mesaticephalic,  173 
mesocephalic,  173 
mesodont,  176,  979 
mesognathous,  175 
mesorhine,  175 
mesoseme,  175 
mesuranic,  175 
metopic,  103,  155 
metriocephalic,  174 
microcephalic,  173 
microdont,  176,  979 
microseme,  175 
morphology  of,  176 
nerve  foramina  of,  178 
norma  basalis  of,  155 

frontalis  of,  144 

lateralis  of,  148 

occipitalis  of,  154 

verticalis  of,  155 


Skull,  orthoceplialic,  174 

orthognathous,  175 

pheenozygous,  155,  175 

platyrhine,  175 

prechordal,  176 

primordial,  177 

prognathous,  175 

in  section,  162 

sexual  diflerences  in,  172 

surgical  anatomy  of,  1160 

tapeinocephalic,  174 

trabecular  portion  of,  177 

upper  aspect  of  base  of,  162 

vertebral  portion  of,  177 

vertebrate  tlieory  of,  177 

as  a  whole,  178 
Smegma  embryonum,  734 
Socia  parotidis,  961 
Solar  plexus,  670 
Sole,  muscles  of,  361 
Soleus  muscle,  358,  363,  364,  1216,  1217 
Solitary  glands,  1011,  1012,  1013,  1023,  1025 
Somaesthetic  area,  551 
Somatic  segmental  arteries,  888,  889 
Somatopleure,  24 
Somites,  mesodermic,  24,  28 

protovertebral,  24,  28,  29,  63 
Space  of  Burns,  834 

epidural,  556,  558 

intercostal,  98 

interpeduncular,  440,  443 

interpleural,  927,  932 

mediastinal,  927,  932 

of  Nuel,  722 

retropharyngeal,  980,  987 
semilunar,  of  Traube,  1225 
subarachnoid,  556,  560,  1164,  1197 
cisternse  of,  560.    See  also  Cisterna 
commiinication  with  ventricles,  560 
fluid  of,  560,  562 

ligamenta  denticulata  of,  560,  564 
septum  posticum  of,  560,  564 
spinal,  560 

trabecular  tissue  of,  560 

subdural,  556,  559,  1197,  1198 
Spaces  of  Fontana,  685 

interglobular,  of  dentine,  974 

lymphatic,  859 
perivascular,  860 
Spatia  anguli  iridis,  685 
Spatium  jjerichorioidale,  683,  686 
Spear  of  spermatozoon,  15 
Sperm  cells,  13,  1144 
Spermatic  artery.    See  Artery 

cord,  1104,  1107,  1112,  1220 

fascia,  401 

plexus,  672 

vein,  849,  887,  893,  895,  905,  1231 
Spermatids,  13 
Spermatocysts,  13 
Spermatogonia,  13 
Spermatozoa,  7,  13,  14,  15,  1106 
Spheno-ethmoidal  recess,  168 
Sphenoid  bone,  100,  118,  145,  146,  147,  148, 
152,  155,  156,  164 
architecture  of,  123 
connexions  of,  123 
ossification  of,  123 
variations  in,  123 
Sjihenoidal  angle  of  parietal  bone,  104,  150 
crest  of  sphenoid  bone,  120 
fissure,  120,  121,  144,  146,  165 
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S])lu!iioi(la]  process  of  palatu,  137,  138,  168 

sinus,  118,  120,  123,  124,  147,  166,  168,  16!) 

tuibiuals,  124,  168 

spine,  120 
Splieno-niandihular  lij^anient,  35,  260 
Splieno-niaxillaiy  fissure,  121,  127,  132,  146, 
150,  151,  153,  157,  159 

fossa,  153,  154 
S])lieno-iialatine  artery,  768 

foramen,  138,  154,  168 

ganglion,  641,  657 

nerves,  640 

notcli,  138 

vein,  835 
S])]ieno-parietal  sinus,  841,  !)04 

suture,  148 
Splieno-peti-ous  fissure,  159,  160 
Spheno-squanious  suUire,  152,  157 
Spheno-vomerine  canal,  136 
Spheno-zygoniatic  suture,  147 
Spliere,  attraction,  9,  10,  15 
S])liincter  ani  externus,  406,  408,  4L2,  1045 
internus,  1042,  1045 

])upill;e,  689 

pyloric,  1006,  1008 

recti,  1045 

vaginie,  407 

vesica;,  1102 
Spigelian  lobe  of  livei-,  1062 
Spina  angularis  of  s])lienoi(l,  120,  151 

helieis,  701 

troclilearis  of  frontal  Lone,  102,  146 
Spinal  accessorv  nerve.    See  Nerves 
arteries,  773,' 774,  793,  805,  883 
canal,  74 

column,  72.    See  <(,ho  Vertebral  column 
cord,  414,  420 

anterior  root-zone  of,  566 

basis  bundle  of,  anteri(jr,  434,  435,  438 

lateral,  433,  434,  438 
Cauda  equina  of,  422,  567 
central  canal  of,  424,  427,  428,  438,  449 
cervical  enlargement  of,  422,  425,  1196, 
1198 

Clarke's  vesicular  column  of,  430,  433, 
434 

columns  of,  antero-lateral,  423 

anterior,  423,  425,  434,  437,  438,  447, 
448 

of  Burdach  of,  423,  432,  437,  449,  483, 
455,  456 

of  Goll  of,  423,  432,  437,  449,  453,  455, 
456 

gray.    See  infra,  Cornua 

lateral,  423,  425,  433,  437,  438,  448 

of  nerve-rells  of,  429,  430 

posterior,  423,  425,  432,  433,  437,  449 

vesicular,  430,  433,  434  ' 
white,  423,  425 
commissure  of,  anterior  wliite,  424,  435, 
437 
gray,  424 
anterior,  424 
posterior,  424,  425 
conus  medullaris  of,  420,  425,  426,  428 
cornua  of,  424 

anterior,  424,  425,  427,  429,  433,  434, 

437,  454,  478,  476 
lateral,  424,  427,  429 

posterior,  424,  425,  427,  429,  433,  437, 

438,  455,  456,  461 
development  of,  435 


Spinal  (;ord,  dor.sal  nucleus  of,  430 

enlargements  of,  422,  425,  1196,  1198 
fasciculus  solitarius  in,  479 
tilum  terminale  of,  421,  428 
fissures  of,  422 

antero-median,  423,  427,  438 

postero-median,  423,  427,  438 
formatio  reticularis  of,  425,  427 
funiculus  cuneatus  of,  423,  432,  437 

gracilis  of,  423,  432,  437 
gray  matter  of,  424,  427,  428 
internal  structure  of,  424 
intersegmental  association  fibres  of,  433, 

434,  435 
length  of,  420 

ligamenta  denticulata  of,  421,  560,  561 

longitudinal  commissural  fibres  of,  433 

lower  limit  of,  in  child,  1197 

lumliar  enlargement  of,  422,425,  1197,1198 

]iiarginal  tract  of  Lowenthal  of,  472,  482 

membranes  of,  421,  556,  558,  559,  563 

nerve-cells  of,  416,  429 

nerve-fibres  of,  414,  430,  431,  432,  433, 

436,  438 
neuroglia  of,  428,  431 

origin  of  nerves  fi'om,  414,  421,  423,  477, 
566 

posterior  paramedian  sulcus  of,  423,  427 
postero-lateral  sulcus  of,  423 
relation  to  vertebr;e,  420 
regional  differences  in,  427 
regions  of,  421,  427 
segments  of,  421 

sensory  and  motor  distril)Ution  of  vaiious 

segments  of,  1198 
septa  of,  421,  423,  425,  427,  431,  438 
substantia  gelatinosa  of,  424,  428,  433,  485 

spongiosa  of,  428 
sulci  of,  422 

surgical  anatomy  of,  1 198 
llieca  of,  421 
ti-acts  of,  431 

of  Bui'dach,  432,  438.    See  aim  snpnt, 
Column  of  Bui-dacli 

comma,  433 

descending  sejjto-marginal,  433 
direct  cerebellar,  430,  433,  438 
of  Goll,  432, 438.    See  also  supra,  CJolumn 

of  GoU 
of  Gowers,  433,  438 
of  Lissauer,  433 

l)yrami(lal  crossed,  433,  434,  438  , 
direct,  434,  438 
trigeminal  root-fibres  in,  486 
veins  of,  843 

white  matter  of,  425,  427,  431 
foramen,  73,  74,  75,  76,  78,  80 
furrow,  1193 

ganglia,  414,  .566,  619,  663 

nerves.    See  Nerves 

venous  ])lexu.s,  anterioi-,  842 
posterior,  843 
Spinalis  dorsi  muscle,  368 
Sjiindle,  achromatic,  10,  13 
Spine.    See  Vertebral  column 

alar,  of  sphenoid  bone,  120,  151,  152,  157,  162 

ethmoidal,  120 

genial,  140 

iliac  anterior  inferior,  207,  1209,  1212 
superior,  207,  216 
posterior  inferior,  207 
superior,  207,  216,  1209 
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Spine,  ischial,  210,  214,  215,  1210 
mental,  140 

na.sal,  of  frontal  bone,  101 
anterior,  127,  130,  147,  1172 
posterior,  137,  157 
palatine,  137 
peroneal,  237,  238 
pubic,  211,  216,  1213 
of  scapula,  180,  181 
sijlienoidal,  120 
supra-meatal,  1166,  1169 
of  tibia,  224,  225 
Spino-glenoid  ligament,  267 
Spinous  processes  of  vertebive,  74,  75,  77,  78,  80, 
81,  82,  85,  86,  90,  1193 
relation  of  important  structures  to,  1196, 
1198 

Spiral  fasciculi  of  cochlear  nerve,  724 

tilament,  14,  15 

ganglion,  723 

tubules,  1086 

line  of  femur,  218,  220 
Spirem,  10 

Splanchnic  ganglion,  668 

nerve,  668,  669 

segmental  arteries,  889,  892 

skeleton,  67 
Splanchnology,  3 
Splanchnopleure,  24 
Spleen,  1149 

accessory,  1151 

development  of,  1057,  1152 

hilus  of,  1150 

Malpighian  corpuscles  of,  1152 

nerves  of,  1151 

peritoneal  relations  of,  1151 

pulp  of,  1152 

structure  of,  1151 

surgical  anatomy  of,  1196,  1197 

sustentaculum  of,  1033 

trabeculfe  of,  1152 
Splenial  centre,  of  inferior  maxilla,  142 
Splenic  arterv,  799,  892,  899,  1151,  1152 

flexure,  of"  colon,  1023,  1033,  1196,  1197, 
1227 

lymphatic  glands,  871 

plexus,  671 

vein,  856,  859,  1151 
Splenium  of  corpus  callosum,  529 
Splenius  capitis  muscle,  367,  372 

colli  muscle,  367,  372 
Spongioblasts,  20,  435,  619,  690,  699 
Spongioplasm,  8 
Spongy  bone,  135 
Spot,  germinal,  10 
Spur  of  malleus,  711 
Squama  occipitalis,  106 
Squamo-petrosal  sinus,  894,  904 
Squamosal  bone,  176 
Squamoso-mastoid  suture,  110,  112 
Squamous  suture,  148 
Stalk,  allantoic,  49  ■ 

body,  31,  48,  63 

optic,  442,  656,  661,  698,  699 
Stapedial  artery,  713 
Stapedius  muscle,  713 
Stapes,  712,  1167 

annular  ligament  of,  707 

development  of,  713 

ligaments  of,  713 

movements  of,  713 
Stellate  ligament,  261 


Stenson,  canals  of,  948 

foramen  of,  130,  131,  157 

duct  of,  945,  961 
Steplianion,  150,  155,  174 
Sternal  angle,  92 

articulations,  264 

furrow,  1184 

lines,  1184 

line  of  pleural  reflexion,  929,  930 

lymphatic  glands,  874 

nerve,  575,  576,  580 

veins,  829 
Sternalis  muscle,  310 
Sternebra;,  91 

Sterno-clavicular  joint,  265,  267 

movements  at,  313 
Sterno-clavicularis  muscle,  312 
Sterno-cleido-mastoid  muscle,  383,  388 
Sterno-hyoid  muscle,  384,  387,  388 
Sterno-mastoid  artery,  of  occipital,  762 

of  superior  thyroid,  760 
Sterno-mastoid  muscle,  383,  388,  397,  1181 
Sterno-pericardial  ligaments,  748 
Sterno-thyroid  muscle,  384,  387,  388 
Sternum,  91,  1184 

arcliitecture  of,  93 

movements  of,  265 

ossification  of,  93 

variations  in,  93 
Stigmata  of  capillaries,  735 
Stilling,  canal  of,  693 
Stomach,  943,  1000 

area;  gastricte  of,  1009 

arteries  of,  1009 

bed,  1003 

capacity  of,  1002 

cardiac  orifice  of,  1000, 1005, 1195, 1197,  1225 

portion  of,  1000,  1002,  1004,  1005 
of  child,  1007 

curvatures  of,  1000,  1002,  1004,  1005 
development  of,  1055 
in  female,  1007 
form  of,  1001,  1002 
foveolffi  of,  1009 

fundus  of,  1001,  1002,  1004,  1197,  1225 
gastro-phrenic  ligament  of,  1007 
glands  of,  1009 
great  curvature  of,  1197,  1225 
hour-glass,  1007 

lesser  curvature  of,  1196,  1197,  1225 

lymphatics  of,  871,  1010 

mucous  membrane  of,  1007,  1009 

muscular  coat  of,  1007 

peritoneal  relations  of,  1006 

pit  of,  92,  99 

plicse  villosse  of,  1009 

position  of,  1000,  1002 

pyloric  antrum  of,  1001,  1002,  1005 

canal  of,  1002,  1005 

ligaments  of,  1008 

orifice  of,  1000,  1006,  1196,  1225 

portion  of,  1000,  1001,  1002,  1005,  1195, 
1197 

sphincter  of,  1006,  1008 

valve  of,  1006 
relations  of,  1003 
rugaj  of,  1009 
serous  coat  of,  1007 
size  of,  1002 
structure  of,  1007 
submucous  coat  of,  1007,  1009 
surfaces  of,  1000,  1003 
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Stomach,  surgical  anatomy  of,  1223 

uncovered  area  of,  1007 

veins  of,  1010 
Stomata  of  caiiillaries,  735 
Stomatodaeum,  32,  37,  1055 
Straight  sinus,  841 
Strand-cells,  430 

Stratum  bacillaris  retiiue,  690,  691 

cinereum,  493 

compactuni,  54,  55 

griseum  ceutrale,  492 

interoli^•arv,  459 

lemnisci,  493 

opticuuj,  493,  690 

pigmenti  retinte,  689,  690,  692 

spongiosum,  54,  57 

zonale,  493,  502,  503,  510,  543,  544 
Streak,  primitive,  18,  19,  63 
Stria  medullaris,  502,  506 

vascularis,  720 
Strife  acustica?,  452,  459,  481 

longitudinales,  528,  529,  531 

of  Retzius,  973 
Striate  arteries,  772 

veins,  837 
Stripe  of  Hensen,  723 
Stylo-auricularis  muscle,  702 
Stvloid  process  of  fibula,  228 
of  radius,  195,  196,  1205 
of  temporal  base,  112,  114,  117,  151,  153, 
160,  162 
development  of,  35 

process  of  metacarpal  Ijone,  204,  205 
of  ulna,  192,  1205 
Stvlo-glossus  muscle,  386,  387,  388 
Stvlo-hvals,  35,  117,  143 
Stvlo-hyoid  ligament,  35,  143,  261 

'muscle,  386,  387,  388,  413 
Stylo-mandibular  ligament,  261,  374,  960 
Stvlo-mastoid  artery,  763 

foramen,  114,  161,  162 
Stylo-iiharyngeus  muscle,  389,  391,  413 
SuV)acromial  bursa,  270 
Subanconeus  muscle,  320 
Subaortic  lymphatic  glands,  873 
Subarachnoid  fluid,  560,  562 

space.    See  Space 
Subarcuate  fossa,  115,  118 
Subcallosal  gyrus,  530,  531,  554 
Subclavian  artery.    See  Artery 

groo^•e,  96 

loop,  666 

lymphatic  trunk,  863 
,    plexus,  667 

vein,  832,  886,  888,  894,  895,  904,  1183 
Subclavius  muscle,  312,  313 
Subcoracoid  centre,  184,  246  •• 
Subcostal  angle,  99 

artery,  793 

groove,  95,  97 

line,  997 

muscles,  394,  397 

plane,  997 
Subcrureus  muscle,  343 
Subdeltoid  bursa,  270 
Subdural  space,  556,  559,  1197,  1198 
Sublingual  artery,  760 

gland,  760,  962,  1176 
development  of,  963 

region,  947 
Submaxillary  artery,  761 

ganglion,  643,  645,  665 


Submaxillary  gland,  945,  961,  1181 
development  of,  963 
duct  of,  947,  962,  1181 

lymphatic  glands,  865,  1181 
Submental  artery,  761 

triangle,  1179 
Subnasal  point,  173 
Suboccipital  nerve,  568,  572 

triangle,  371 
Subpleural  plexus,  780 
Subpubic  ligament,  284 
Subscapular  artery,  780,  784 

bursa,  270 

fossa,  183 

lymjjhatic  glands,  867 

nerve.    See  Nerve 
Subscapularis  muscle,  316,  317 

minor,  316 
Substantia  adamantina,  973 

eburnea,  974 

ferruginea,  452,  466 

gelatinosa,  424,  428,  433,  449,  453,  455,  464, 
485,  488 

nigra,  492,  505,  540 

ossea  of  tooth,  507 

spongiosa,  428 
Subthalamic  tegmental  region,  501,  504 
Suctorial  pad,  373,  378,  947 
Sulcus  or  Sulci.    See  also  Groove 

alar,  675 

alveolo-glossal,  1176 
antihelicis  trausversus,  701 
auris  anterior,  700 
basilar,  of  pons,  450 
calcanei,  236 
callosal,  527 

caroticus  of  sjjhenoid,  120 
centralis  cerebri,  516 

insula,  526 
of  cerebellum,  468,  489 
cerebral,  512 

develof)ment  of,  555 
circularis  Reilii,  514,  526 
of  cord,  422,  423,  427 
coronarius,  738  ^ 
costalis,  95,  97 
cruris  helicis,  701 
diagonalis,  518,  519 
ethmoidalis,  133 
fimbrio-dentate,  527 
frontal,  102 

of  frontal  lobe,  518,  519,  520,  1161 
frouto-marginalis,  518 
horizontalis  of  cerebellum,  468,  469 
interparietalis,  521,  522 
lachrvmalis,  128,  134,  147 
lateral,  of  skull,  104 
lateralis  mesencephali,  491 
limiting,  of  Reil,  514 
longitudinalis,  of  heart,  738 
malleolaris,  227,  231 
of  Monro,  510,  552 
occipitalis  lateralis,  525 

trausversus,  521,  522,  525 
occipito-temporal,  525,  526 
oculo-motorius,  491 
oculo -nasal,  39 
olfactory,  520,  528 
orbital,  "520 
parallel,  525,  1162 
paramedians,  518,  519,  520 
of  parietal  lobe,  521 
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Sulcus  or  Sulci,  post-central,  521,  522,  1162 
post-linibic,  521 

precentral,  518,  519,  520,  522,  1161 
pterygo-palatine,  122,  138 
rostrales,  520 
sagittalis,  104,  107 
sclerae,  682 

spiralis  externus  cochleie,  720 

internus  cochlea,  720 
subclavius  of  luug,  935,  936 
tali,  233 

temporal,  525,  526 

termiualis  of  heart,  741,  742,  882 
of  tongue,  950,  964 

transversus  of  occipital  bone,  107 

tubce  auditivce,  120,  159,  160,  709 

tympanicus,  704,  706 

valleculse,  468,  469 
Superciliary  ridge,  101,  144,  172,  1172 
Superficial  volar  artery,  787 
Supination,  movement  of,  275,  321,  335 
Supinator  radii  brevis  muscle,  332,  335 
Supracallosal  gyrus,  528,  529,  530 
Supraclavicular  nerves,  582 
Supracondyloid  triangle,  internal,  1202 
Suprahyoid  artery,  760 

lymphatic  glands,  865,  1179 

muscles,  385,  387 
Supramandibular  nerve,  646 
Supramarginal  gyrus,  521,  523,  1161 

triangle,  1161 
Supra  mastoid  crest,  110,  150 
Suprameatal  spine,  1166,  1169 

triangle,  151 
Supraoccipital  bone,  110 
Supraorbital  artery,  771,  1160 

foramen,  101,  144 

margin,  100,  101,  144,  1172 

nerve,  638 

notch,  101,  144,  1160 
ridge,  101 
vein,  834 
Suprarenal  artery,  797,  798,  892 
capsule,  1152,  1194,  1197 

development  of,  673,  1154 

in  foetus,  1153 

nerves  of,  1154 

structure  of,  1154 

vessels  of,  1153 
impression  of  liver,  1061 
plexus,  671 

vein,  849,  887,  893,  895,  905 
Suprascapular  artery,  780 

ligament,  267 

nerve.    See  Nerve 

notch,  180,  183 

region,  1193 

vein,  834 
Suprascleral  lymphatic  space,  683 
Supraspinatus  muscle,  315,  317 
Supraspinous  arterv,  780 

fossa,  182 

ligament,  256 
Suprasternal  artery,  780 

notch,  91 

region,  1184 
Supra  tonsillar  fossa,  904,  985,  986,  988 
Supratrochlear  foramen,  188 

lymphatic  glands,  867 

nerve,  638 
Sural  arteries,  818,  819,  903 

nerve,  608,  615 


Surface  and  surgical  anatomv,  1159 

of  abdomen,  1219,  1221 

of  abdominal  w  all,  1219 

of  abdominal  viscera,  1221 

of  ankle,  1217 

of  arm,  1202 

of  axilla,  1200 

of  back,  1193 

of  buttock,  1209 

of  cranium,  1159 

of  ear,  1 165 

of  elbow,  1203 

of  face,  1172 

of  female  pelvis,  1233 

of  foot,  1217 

of  forearm,  1205 

of  head,  1159 

of  heart,  1190 

of  hand,  1205 

of  knee,  1214 

of  leg,  1215 

of  lungs,  1186 

of  neck,  1178 

of  perineum,  1230 

of  popliteal  space,  1212 

of  shoulder,  1198 

of  thigh,  1210,  1212 

of  thorax,  1184 
Surgical  neck  of  humerus,  185 
Suspensory  ligament  of  clitoris,  1139 
of  lens,  693 
of  ovary,  1124 
of  penis,  1115,  1121 

muscle  of  duodenum,  1020 
Sustentaculum  lienis,  1033 

tali,  237,  238,  241,  1218 
Sutura  dentata,  248 

harmonia,  248 

limbosa,  248 

notha,  248 

serrata,  248 

spheno-zygomatica,  147 
squamosa,  248 
vera,  248 

zygomatico-maxillaris,  144,  147,  152 

zygomatico-frontalis,  144 
Sutural  bones,  127 
Suture,  247,  248,  252 

coronal,  104,  148,  155,  172 

frontal,  144 

fronto-malar,  144,  1160 
fronto-niaxillary,  144 
fronto-squamosal,  116,  127 
intermaxillary,  129,  147 
internasal,  134 

lambdoid,  104,  108,  148,  154,  155,  1160,  1162 

malo-maxillary,  144 

metopic,  103 

naso-frontal,  144 

occipito-mastoid,  148,  161 

orbito -maxillary  frontal,  126 

palatine,  middle,  157 

transverse,  157 
parieto-mastoid,  148 
petro-mastoid,  1169 
petro-squamosal,  110,  112,  116,  1168 
premaxillary,  131 
sagittal,  104,  154,  155,  172 
spheno-parietal,  148 
spheno-squanious,  152,  157 
squamosa-mastoid,  110,  112 
squamous,  148 
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Swallowing,  movements  in,  301 
Sweat  glands,  733 

develoi)nient  of,  734 

dncts  of,  733 

glomerulus  of,  733 

orifice  of,  733 
Sylvian  aqueduci,  441,  442,  445,  488,  400,  492, 

500,  509 

fissure,  512,  513,  515,  51(i,  521,  1 161 
fossa,  515,  554 
line,  1161 
point,  513,  1161 
vein,  838 
Symmetry,  4 

Sympathetic  system,  414,  662 
cervical,  664,  673,  1182 
commissural  cords  of,  662,  663,  664,  669, 

670,  674 
development  of,  673 
functions  of,  662 

ganglia  of,  662.    iSfc«  (Uso  Ganglia 
gangliated  cords  of,  662,  664,  667,  668,  669 
general  structure  of,  662 
lumbar,  668 
morphology  of,  674 

nerve-fibres  of,  662.  See  also  Nerve-fibres 
plexuses  of,  670 

rami  communicantes  of,  662,  663.    See  also 

Rami 
sacral,  669 
thoracic,  667 
Symphysis  of  jaw,  139 

'pubis,  211,  214,  215,  216,  283,  1198 
Synarthrosis,  247,  249,  252 
Synchondrosis,  247,  248,  252 

neuro-central,  89 
Synovia,  248,  252 
Synovial  bursa.    See  Bursa 
■fat-pads,  250,  273,  287 
sheaths  at  wrist,  322,  323 
membranes,  249,  250,  252,  270,  273,  274,  276, 
278,  280,  287,  293,  207,  301 
■Systematic  anat(jmy,  3 
Systemic  circulation,  738,  825 

Table  of  relations  of  structuriis  to  vertebi-al 

spines,  1196 
Tactile  corpuscles,  720,  730 

discs,  730 
Ticnia  coli,  1011,  1024,  1036 

fornicis,  531 

hippocampi,  531 

pontis,  507 

semicircularis,  502,  533,  535,  541 
thalami,  502,  506,  552 
Tail,  44,  64,  65 
fold,  26,  31 
gut,  44 

Talo-calcaneal  joint,  208,  304 
Talo-calcaneo-uavicular  joint,  299 
Talo-fibular  ligaments,  297 
Talo-scaphoid  joint,  200,  304,  1219 
Talo-tibial  ligaments,  297 
Talus,  232 

Tangential  fibres  of  corte.x,  544 
Tapeinocephalic  skulls,  174 
Tapetum,  530,  533,  534,  546,  549 

cellulosum,  686 

of  chorioid,  686 

fibrosum,  686 
Tarsal  arches,  607 

artery,  824 


Tarsal  cartilages,  1174 
glands,  695 

ligaments  of  eyelid,  695,  698 
Tarsale,  os,  245 

Tarso-nietatarsal  joints,  302,  1218 
Tarsus,  232,  241 

architecture  of,  241 

of  eyelid,  695 

numerical  variations  in,  241 

ossification  of,  242 

transverse  articulation  of,  300 
Taste  buds,  725,  954 

nerves  of,  726 

organs,  725 
Tectorial  membrane,  721,  723 
Teeth,  945,  064,  1175 

alveoli  of,  066,  077,  078 

apical  foramen  of,  065 

arrangement  of,  in  jaws,  071 

auditory,  721 

basal  ridge  of,  067 

bicus])id,  965,  968 

canine,  965,  967,  972 

cementum  (jf,  964,  973,  974,  977 

cingulum  of,  967 

contact  surface  of,  966 

crown  of,  065 

cusps  of,  065,  067,  971 

deciduous,  965,  072,  077 

dental  index  of,  979 
lamina  of,  976 

dentine  of,  964,  973,  974,  975,  976,  978 

dermal,  975 

develojjment  of,  975 

enamel  of,  964,  973,  975,  976,  078 
organs  of,  976 

eruption  of,  072,  075,  077,  078 

eye,  067 

fangs  of,  965 

follicles  of,  977,  978 

germs  of,  977  ' 

grinding  surfaces  of,  966 

gnbernaculnm  of,  978 

incisor,  965,  967,  972 

lingual  cusp  of,  967 

milk,  964,  965,  972,  977,  1175 

molar,  065,  069,  972,  977 

morphology  of,  070 

multicuspidate,  069 

Nasmyth's  membrane  of,  974 

nerves  of    See  Nerves,  dental,  incisor 

papilla  of,  975,  976 

permanent,  964,  965,  966,  977,  1175 

])reniolar,  965,  968 

pulp  of,  966,  073,  976,  976 
cavity  of,  966,  976 

relative  sizes  of,  175 

reserve  germs  of,  977 

roots  of,  965,  966,  977,  1176 

root  meml)rane  of,  966,  975,  977 

structuie  of,  965,  973 

tartar  of,  966 

temporary,  964,  972,  077 

tubercles  of,  065 

wisdom,  965,  969 
Tegmen  tympani,  115,  165,  704,  708,  1167 
Tegmental  region,  subthalamic,  501,  504 
Tegmentum,  491,  493,  501,  505,  508 
Tela  choroidea,  562 

suliserosa,  995 
Telencephalon,  442,  511,  552 
Telolecithal  ova,  11 
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Telopliase,  9,  10 
Temporal  area,  121 
artery.    See  Artery 
bone,  100,  110,  148,  150,  151,  154,  157 
architecture  of,  116 
connexions  of,  116 

mastoid  antrum  of,  708.  See  also  Antrum 
ossification  of,  116 

petromastoid  jjart  of,  110,  113,  116,  157, 
164,  165 

squamous  part  of,  110,  116,  117,  157,  164 
tympanic  part  of,  110,  112,  116,  157 
variations  in,  116 
canal,  133,  151 

crest,  101,  103,  149,  1160,  1172 

fascia,  373 

fossa,  103,  150 

gyri.    See  Gyrus 

line,  101,  103,  144 

lobe,  525,  546,  547,  1162 

muscle,  381,  383,  388 

nerve.    See  Nerve 

process,  132 

ridge,  101,  155 

sulci,  525,  526 

veins,  834,  835 
Temporo-maxillary  arch,  133 

joint,  259,  1166 

vein,  831,  832,  835,  894,  904 
Temporo-pontine  tract,  498,  542,  549 
Tendo  Achillis,  358,  1217 
Tendon,  conjoint,  401,  402,  1220 
Tenon,  capsule  of,  378 

Tensoi'  fasciae  femoris  muscle,  348,  352,  353, 
373,  1209,  1213 
latic  muscle,  348,  352,  353,  373,  1209,  1213 

palati  muscle,  390,  391,  709,  710,  1177 

tarsi  muscle,  376,  378,  698 

tympani  muscle,  713,  1167 
Tentorium  cerebelli,  440,  557,  1162 
Teres  major  muscle,  316,  317 

minor  muscle,  316,  317 
Testicular  artery,  798  % 
Testes,  1103,  1104 

coni  vasculosi  of,  1106,  1145 

descent  of,  1111 

development  of,  1144 

digital  fossa  of,  1105 

in  foetus,  1111 

guberiiaculum  of,  1112 

hydatids  of,  1105,  1140 

lobes  of,  1105 

mediastinum  of,  1105 

mesentery  of,  1111 

nerves  of,  1106 

paradidymis  of,  1105,  1140 

l^rocessus  vaginalis  of,  1111 

rete  of,  1106,  1144,  1145 

seminiferous  tubules  of,  1105,  1144,  1145 

septula  of,  1105 

structure  of,  1105 

tubuli  recti  of,  1106,  1144,  1145 

tunica  albuginea  of,  1105,  1144 
vaginalis  of,  1105,  1111 
vasculosa  of,  1105 

undescended,  1111 

vas  deferens  of,  1103,  1107,  1140,  1142,  1145 
vasa  efferentia  of,  1106,  1145 
vessels  of,  1106 
Tetrad,  13 

Thalamenceplialon,  441,  442,  501,  552 
Tluilamic  radiation,  .501,  502,  503,  504 


Tlialamo-cortical  fibres,  549,  551,  552,  554 
Thalarao-striate  fibres,  540,  541 
Thalamus,  optic,  501 

anterior  tubercle  of,  503 
bundle  of  Vicq  d Azyr  of,  503 
central  nucleus  of,  503 
connexion  of,  witli  basal  ganglia,  504 
cerebral  cortex,  501,  504,  550 
hippocampus,  531 
optic  tract,  504,  510 
development  of,  442,  445,  552 
external  geniculate  body  of,  503.    See  also 

Cor])ora  geniculata 
external  medullary  lamina  of,  501,  503 
fillet  fibres  of,  497 
gray  matter  of,  503 
internal  medullary  lamina  of,  503 
intimate  structure  of,  503 
lateral  nucleus  of,  503 
mesial  nucleus  of,  503 
nucleus  arcuatus  of,  503 
250sition  and  connexions  of,  441,  501,  503, 
533 

pulvinar  of,  490,  503,  510 
radiation  of,  501,  502,  503,  504 
stratum  zonale  of,  502,  503,  510 
stria  medullaris  of,  502,  506 
surface.s  of,  501,  502,  508 
ttenia  of,  502,  506,  552 
Thebesius,  valve  of,  742,  743,  826,  882 
Theca  of  cord,  421 

foUiculi,  1125 
Thigh  bone,  217 

surgical  anatomy  of,  1210,  1212  , 
Third  ventricle.    See  Ventricle 
Thoracic  arteries,  783,  784 

aorta,  752,  753,  792,  1 197 

duct,  859,  861,  905,  990,  1183,  1196 

ganglia,  664,  667,  668,  670 

nerves.    See  Nerves 

vertebrie,  73,  78 
Thorax,  98 

aortic  area  of,  1192 

apertures  of,  98,  99 

cavity  of,  926 

lascise  of,  309 

in  foetus,  99 

joints  of,  261 

lines  of,  1184 

lymphatics  of,  874 

mediastinum  of,  926 

mitral  area  of,  1192 

muscles  of,  309,  393,  397 

praecordial  area  of,  1190 

pulmonary  area  of,  1192 

regions  of,  1184 

sexual  differences  in,  99 

sternal  furrow  of,  1184 

surgical  anatomy  of,  1184 

tricuspid  area  of,  1192 

walls  of,  98 
Thumb,  movements  of,  328 

muscles  of,  328,  336 
Thymus  gland,  1156 

development  of,  1158 

structure  of,  1157 
Tliyro-ary-ei)iglotlidcau  muscle,  918,  921 
Thvro-arvteiioid  ligaments,  913 

inuscle,'  918,  919,  921 
Thyro-epiglottidean  ligament,  914 

muscle,  919 
Thyro-glossa!  duct,  36,  964,  1156,  1176 
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Thyio-hyal,  143 

Thyro-hyoid  arcli,  34,  36,  413,  660 
liar,  143 

membrane,  912,  1180 
muscle,  385,  387,  388 
Thvroid  arteries.    See  Artery 
axis,  778,  891,  901 
l)ody,  1154 

accessory,  1155,  1156 

develojjment  of,  1155 

isthmus  of,  1154,  1155,  1156,  1180 

lateral  lobes  of,  1154,  1156 

levator  of,  1155 

pyramidal  lobe  of,  1155,  1156 

structure  of,  1155 

variations  in,  1155 
^■artilage,  908,  941 

development  of,  36 
foramen,  207,  212 
rudiments,  1156 
veins.    See  Veins 
Tibia,  224,  1215 
arcliitecture  of,  227 
connexions  of,  227 
liomology  of,  245 
ossification  of,  228 
variations  in,  227 
Tibial  arteries.    See  Artery 
lymphatic  gland,  869 
nerves.    See  Nerves 
Tibiale,  os,  245 

Tibialis  anticus  muscle,  355,  363,  364,  1219 

posticus  muscle,  361,  364,  1218,  1219 
Tibio-fascialis  anticus  muscle,  356 
Tibio-fibular  joint,  inferior,  295 
movements  at,  364 
superior,  294 

ligament,  interosseous,  295 
transverse,  295 
Tibio-navicular  ligament,  297 
Toes,  digital  sheaths  of,  355 

movements  of,  364 
Tomes,  fibrils  of,  974,  978 

processes  of,  978 
Tongue,  945,  950 

apical  glands  of,  956 

arteries  of,  956 

development  of,  33,  35,  963 

fimbriiB  of,  725 

folia  of,  954 

foramen  c;ecuni  of,  950,  964,  1156,  1176 
frenum  of,  947,  955,  1176 
glands  of,  956 
lymphatics  of,  957 
lymphoid  follicles  of,  951 
lingual  duct  of,  1156 
lingual  tonsils  of,  1176 
mucous  membrane  of,  951,  956 
muscles  of,  386,  387,  413,  659,  955,  1176 
nerves  of,  956 
oral  part  of,  950,  952,  1176 
papillae  of,  725,  952 
plicfe  fimbriatte  of,  955 
pharyngeal  part  of,  950,  951,  1176 
se])tum  of,  955 
stiucture  of,  955 
sulcus  terminalis  of,  950,  964 
surgical  anatomy  of,  1176 
taste -buds  of,  725,  954 
thyro-glossal  duct  of,  36,  964,  1156,  1176 
veins  of,  956 
Tonsils,  945,  984,  985,  1177 


Tonsils,  cerebellar,  469 

developjuent  of,  987 

of  Eustachian  tube,  710 

intestinal,  1013 

lingual,  951,  1176 

lymj^hatics  of,  986 

nerves  of,  986 

pharyngeal,  983,  987,  1178 

plica  triangularis  of,  986 

vessels  of,  986 
Tonsillar  arteries,  761,  956,  986 

plexus,  648,  986 
Tonsillitic  nerve,  648,  986 
Tooth -band,  976 
Topographical  anatomy,  4 
Torcular  Herophili,  107,  839 
Touch,  organs  of,  727 
Trabeculaj  carneai  cordis,  745 
Trachea,  922,  924,  1180,  1196 

bifurcation  of,  1190,  1197 

cartilaginous  rings  of,  922,  925,  94 

development  of,  36,  941 

fibro-elastic  membrane  of,  925 

mucous  glands  of,  925 
membrane  of,  925 

muscle  of,  925 

relations  of,  924 

structure  of,  925 
Tracheal  arteries,  778 
Trachelo-mastoid  muscle,  368,  372 
Tracheotomy,  1180 

Tracts  of  basis-bundles.    See  Basis-bundle 
of  Burdach,  432,  438.    See  also  Spinal  coi'd 
central  tegmental  of  pons,  465 
cerebello-olivary,  459,  472 
comma,  433 

of  corjius  trapezoides,  464 
cortico-pontine,  463,  498,  541,  542,  549 
direct  cerebellar,  430,  433,  438,  448,  450,  459, 
472 

sensory  cerebellar,  472,  482 
of  fillet.    See  Fillet 
fronto-pontine,  498,  541,  549 
of  Goll,  432,  438.    See  also  Spinal  cord 
of  Govvers,  433,  438,  448,  461,  473 
of  Lissauer,  433 

marginal,  of  Lowenthal,  472,  482 
myelinisation  of,  438 
olfactory,  528,  554 

lateral  root  of,  528 

mesial  root  of,  528,  531 

structure  of,  545 
optic,  491,  634,  657 

cerebral  connexions  of,  510 

(•oramissural  fibres  of,  510 

efferent  fibres  of,  510 

lateral  root  of,  491,  510 

mesial  root  of,  491,  510 
posterior    longitudinal.     See  Longitudinal 

bundle 
pyramidal,  549 

in  cerebral  heniisph.eres,  549 

crossed,  433,  434,  438,  447,  454,  549 

direct,  434,  438,  447,  454,  549 

in  internal  capsule,  542 

in  medulla,  453,  454,  457,  488 

in  pons,  462 
septo-marginal  descending,  433 
temporo-pontine,  542,  549 
Tractus  spiralis  foraminosus,  716,  717 
Tragicus  muscle,  702 
Tragus,  700 
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Transpyloric  plane,  1223 
Transversalis  abdominis  muscle,  402 

cervicis  muscle,  368 

fascia,  994 
Transverse  carpal  articulation,  277. 

fissure  of  brain,  563 

humeral  ligament,  269 

intermetacarpal  ligament,  279 

ligament  of  acetabulum,  286 
of  knee,  292 
tibio-fibular,  295 

metacarjsal  ligaments,  280,  323 

metatarsal  ligament,  303,  355 

perineal  ligament,  284 

processes  of  vertebrfe,  74,  75,  76,  77,  78,  79, 
80,  81,  84,  85,  86,  91,  162 

tarsal  articulation,  300 
Transversus  ani  superficialis  muscle,  407,  408 

auriculae  muscle,  702 

perinei  profundus  muscle,  408 

thoracis  muscle,  394 

vaginae  muscle,  408 
Trapezium,  197,  199,  203,  245,  1205 
Trapezius  muscle,  307,  313,  1193 
Trapezoid  bone,  197,  200,  203,  245 

ligament,  266,  267 

ridge  of  clavicle,  179  . 
Traube,  semilunar  sjjace  of,  1225 
Triangle  of  auscultation,  307,  309 

digastric,  1180,  1181 

epigastric,  1186 

of  Hesselbach,  405,  1220 

of  Petit,  309,  401,  1194 

rectal,  of  perineum,  1230 

submental,  1179 

suboccipital,  371 

supracondyloid  internal,  1202 

supramarginal,  1161 

suprameatal,  151 

urogenital,  1230 
Triangles  of  neck.    See  Neck 
Triangular  fascia,  401 

fibro-cartilage,  274,  275 

ligament,  409 
of  perineum,  284 
Triangularis  sterni  muscle,  394,  397 
Triceps  brachii  muscle,  320,  321,  1202 

cruris  muscle,  357 
Tricuspid  area,  1192 

orifice,  742,  744,  1192,  1197 

valve,  744 
Trigeminal  nerve.    See  Nerve 
Trigona  fibrosa,  744 
Trigone  olfactory,  544,  528 
Trigonuni  acustici,  452 

habenuL-E,  502,  506,  552 

hypoglossi,  452,  477,  487 

of  lateral  ventricle,  534 

vagi,  452,  478,  487 

vesicae,  1098,  1143 
externum,  1233 
-Trochlea,  187 

of  femur,  221 

tali,  232 

of  obliquus  superior  muscle,  379 
Trochlear  fossa,  102,  146 

spine,  102 

surface,  184 

nerve,  499,  636 
Trochanter  major,  218,  222,  1209 

minor,  219,  1209 

tertius,  219,  222 


Trolard,  anastomotic  vein  of,  838 

Trciltsch,  recesses  of,  714 

Trunks  of  brachial  2ilexus,  581,  621 

of  sacral  plexus,  605,  622 
Tubal  artery,  798 

Tube,  Eustachian.    See  Eustachian  tube 

Fallopian.    See  Fallopian  tube 

neural.    See  Neural  tube 
Tuber  cinereum,  440,  443,  507,  508,  553 

ischii,  210  ' 

maxillare,  128,  152 

mentale,  139 

parietale,  103,  150 

valvules,  469,  470 

vermis,  469 
Tubera  frontalia,  100 
Tubercle  or  Tubercles,  accessory,  80 

adductor,  220,  223,  1215 

amygdaloid,  534 

of  astragalus,  233,  235 

of  atlas,  76 

carotid,  1183 

conoid,  of  scapula,  179 

of  cuboid  bone,  240 

cuneate,  449,  456 

cuneiform,  914 

deltoid,  of  clavicle,  179 

dental,  965 

dorsal,  of  radius,  1205 

of  epiglottis,  915 

of  femur,  217 

genital,  43,  65 

labial,  946 

of  Lower,  742 

mental,  139 

of  metacarpal  bone,  205,  1206 
obturator,  212 
olfactory,  528 
of  OS  calcis,  236 
peroneal,  1218 
pharyngeal,  108,  159,  162 
post-glenoid,  111 
pterygoid,  122,  158 
of  quadra tus,  218 
of  rib,  94,  95,  96,  97 
of  Santorini,  914 
scalene,  96 

of  scaphoid  bone,  1205,  1218 
of  thalamus,  503 
of  tibia,  224,  225 

of  transverse  processes  of  vertebra,  75,  79,  80 

vertebral  arterial,  1183 

of  zygoma.  111 
Tubercular  jjoint  of  hip,  1209 

process  of  vertebra,  91 
Tuberculum  acusticum,  480,  481 

cinereum,  449 

Darwinii,  700,  701 

impar,  33,  963 

intervenosum,  742 

jugulare,  108 

lobulare,  42 

majus,  184 

minus,  185 

papillare  hepatis,  1061 
posterius,  76 
pubicum,  211 
Rolandi,  449,  455 
sellfe,  119 

supra-tragicum,  700 
tragi  cum,  41 
Tuberosity  or  Tuberosities,  bicipital,  194 


1304 


INDEX. 


Tuberosity  or  Tuberosities,  of  feinui',  220,  221 
of  fifth  metatarsal,  243 
of  first  metatarsal,  242,  243 
of  humerus,  184,  185,  1199 
of  ilium,  210 

of  ischium,  210,  215,  1209 

malar,  132,  1160 

of  maxilla,  128,  129,  152 

of  uavicular  bone,  238,  241 

omental,  1063,  1075 

of  OS  calcis,  237 

of  palate  bone,  137,  138,  152,  158 
of  scaphoid,  198,  245 
of  tibia,  224,  225,  1215 
of  ulna,  190 
Tulies,  bronchial,  in  lung,  939 

dentinal,  974,  978 
Tubular  glands,  957 
Tubides  of  kidney,  1086,  1140,  1142 
of  parovarium,  1128 
Wolffian,  1142 
Tulndi  recti  testis,  1106,  1144,  1145 

seminiferi  contorti,  1105,  1144,  1145 
Ttuiica  albuginea,  1105,  1144 
of  corpus  cavernosum,  1115 
conjunctiva  bulbi,  696 

palpebrarum,  696 
externa  of  arteries,  736 
of  lymphatics,  860 
of  veins,  737 
iutima  of  arteries,  736 
of  lymphatics,  860 
of  veins,  737 
media  of  arteries,  736 
of  lymphatics,  860 
of  veins,  737 
vaginalis  testis,  1105,  1111 
vasculosa  oculi,  682,  685 
Tunnel  of  Corti,  721 
Turbinals,  sphenoidal,  124,  168 
Turbinated  processes  of  ethmoid,  125,  148,  168, 
171,  1175 

bone,  inferior,  100,  135,  148,  168,  171,  1174 
crest,  inferior,  129,  137 

superior,  129,  138 
Tvuipanic  antrum,  708 
'artery,  764,  769,  766 
attic,' 1167,  1168 
canaliculus,  114 
cavity,  116,  704 

atrium  of,  704 

blood-vessels  of,  714 

membrana  tym2)ani  secundaria  of,  708 

nnicous  menduane  of,  713 

muscles  of,  713 

nerves  of,  714 

orifice  of  Eustacliiau  tube  in,  706 

promontory  of,  707 

pyramid  of,  705 

recessus  epitympanicus  of,  704 

sinus  of,  708 

tegmen  of,  704,  708 
groove,  704,  706 
membrane,  41,  706,  1166 

folds  of,  1167 

paracentesis  of,  1167 

triangular  cone  of,  1 167 
nerve.    See  Nerve 
ossicles,  710 

plate,  111,  112,  116,  153,  160,  172 

fibrous,  704 
plexus,  648,  666 


Tympanic  ring,  42,  117,  704 
Tympano-hyal,  35,  117 
Tympano-mastoid  fissure,  112 
Tympanum,   116,  704.     See   aim  Tyuq^anic 
cavity 

development  of,  42 

walls  of,  705,  706,  707,  1167,  1168 

Ulna,  189,  1204,  1205 

architecture  of,  193 

connexions  of,  192 

homology  of,  245 

ossification  of,  193 

variations  in,  193 
Ulnar  artery,  789,  884,  893,  901,  902,  1208 

furrow,  193 

nerve.    Sec  Nerve 

veins,  846,  888,  895 
Ulnare,  os,  245 

Umbilical  arteries,  50,  803,  806,  1047 

cord,  49 

fissure,  1064 

notch,  1064 

orifice,  26 

region,  997,  1221 

vein,  50,  61,  885 

vesicle,  46 

zone,  997 
Undjilicus,  65,  66,  1197,  1198,  1219 
Umbo  membran;e  tympana;,  706 
Unciform  bone,  197,  201,  202,  203,  245,  1206 
Uncinate  gyrus,  528 

process  of  ethmoid,  126 
of  ])ancreas,  1074,  1078 
Uncus,  526,  527,  528 
Ungual  ]ihalanges,  206,  244 
Ungues,  730 

Urachus,  49,  1047,  1092,  1100,  1143 

Ureter,  1088,  1079,  1194,  1197,  1229,  1233,  1234 

development  of,  1140,  1141,  1142 

in  female,  1090 

orifice  of,  1099 

pelvis  of,  1087,  1140,  1142 

structure  of,  1090 

variations  in,  1090 
Urett-ral  arterv,  798 
Urethra,  1079!^  1102 

development  of,  1141,  1143,  1146 

external  orifice  of,  1102, 1114,  1121, 1138,  1233 

female,  1102,  1233 

fossa  navicularis  of,  1121 

glands  of,  1102,  1119,  1122 

internal  orifice  of,  1092,  1093 

lacun£e  of,  1121 

male,  1119,  1230 

membranous,  1120,  1143,  1230 

l)rostatic,  1120,  1143 

utricle  of,  1120,  1140,  1145 

spongy  portion  of,  1120,  1121,  1143 

structure  of,  1102,  1122 

surgical  anatomy  of,  1230 
Urinary  organs,  1079 
Urogenital  canal,  1141 

cleft,  1136,  1146 

fissure,  1141 

organs,  development  of,  1139 
sjjace,  1141 
system,  1079 

triangle  of  2>eriueum,  1230 
Uterine  artery,  798,  799,  807,  1133,  1234 
decidua,  51,  53,  57 
plexus,  673 
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Uterine  veins,  851 

venous  plexuses,  851 
Utero-sacral  ligaments,  1050,  1130 
Utero-vesical  fold,  1130 

pouch,  1050,  1130 
Uterus,  1122,  1128 

antefiexed,  1132 

ante  verted,  1132 

arbor  vitaj  of,  1129,  1133 

broad  ligaments  of,  1050,  1130,  1234 

cavity  of,  1129 

cer\T.cal  gstnglion  of,  1133 

cervix  of,  1128 

connexions  of,  1129 

development  of,  1140,  1146 

at  different  ages,  1133 

external  os  of,  1129 

fundus  of,  1128,  1234 

glands  of,  1132 

horns  of,  1133 

internal  os  of,  1129 

in  menstruation,  1133 

nerves  of,  1133 

periodic  changes  in,  1133 

peritoneal  relations  of,  1129 

position  of,  1132 

pregnant,  53,  1133 

relations  of,  1132 

retroverted,  1132 

round  ligament  of,  1131,  1234 

septum  of,  1133 

structure  of,  1132 

surgical  anatomy  of,  1234 

variations  in,  1133 

vessels  of,  1133 
Utricle,  715,  717,  718 

macula  acustica  of,  718 

recessus  of,  718 

sinus  superior  of,  718 
Utriculus  prostaticus,  1109,  1120,  1140,  1145 
Uvula  of  cerebellum,  469,  470 

of  palate,  949 

vesica,  1098,  1117 

Vagina,  1122,  1134 

bulbs  of,  1233 

carina  urethralis  of,  1136 

carunculse  of,  1135,  1138 

columns  of,  1136 

development  of,  1140,  1141,  1146 

digital  exploration  of,  ]  233 

fornix  of,  1135,  1233 

hymen  of,  1135,  1138,  1146 

introitus  of,  1233 

mucous  membrane  of,  1136 

muscular  coat  of,  1136 

nerves  of,  1136 

orifice  of,  1138 

relations  of,  1135 

ruga-  of,  1136 

septum  of,  1136 

structure  of,  1136 

variations  in,  1136 

vessels  of,  1136 

vestibule  of,  1137 
Vaginal  artery,  807,  1136 

ligaments,  355 

plexus,  673 

process  of  temporal  bone,  112,  151,  153,  160 

of  sphenoid  bone,  122,  158 
veins,  851 

venous  plexuses,  851 


Vagus  nerve.    See  N(trve 
Vallecula  of  cereViellum,  468 

of  larynx,  913 

Sylvii,  513 

of  tongu«,  513 
Vallum  of  circumvallate  papilla?,  954 

unguis,  730 
Valve  or  Valves,  anal,  1043,  1044 

aortic,  746,  882 

of  Beraud,  698 

Eustachian,  742,  743,  847,  R82 
of  Hasner,  698 
of  Houston,  1043 

ileo-csecal,  943,  1026,  1027,  1197,  1226 

of  Kohlrausch,  1043 

of  Krause,  698 

(if  lymphatic  vessels,  860 

of  Morgagni,  1231 

pulmonary,  745,  882 

pyloric,  1006 

rectal,  1038,  1043 

of  Thebesius,  742,  743,  826,  882 

tricuspid,  744,  882 

of  veins,  737 

of  Vieussens.   See  Velum,  medullary  superior 
venous,  of  heart,  881 
Valvula  or  Valvule,  anal,  1043,  1044 
conniventes,  1012,  1019,  1022,  1023 
processus  vermiformis,  1029 
Vas  deferens,  1103,  1107,  1231 
ampulla  of,  1108,  1110 
development  of,  1140,  1142,  1145 
structure  of,  1110 
2>rominens,  720  '  ' 

spirale,  721 
Vasa  aberrantia,  793,  896,  902 
epididvmidis,  1106,  1140 
brevia,  859,  1009 
efferentia  testis,  1106,  1140,  1145 
intestini  tenuis,  1023 
vasorum,  737 
Vascular  area,  58 
system,  735 

abnormalities  of,  896 
blood,  735 
development  of,  875 
divisions  of,  738 
lymph,  735,  859 
morphology  of,  888 
primitive,  57 
Vastus  externus  muscle,  342,  352,  1211 
intermedins  muscle,  342 
internus  muscle,  342,  352,  1215 
Vater  ampulla  of,  1070 
Veins  or  Vein,  735,  825 
abnormalities  of,  903 
allantoic,  59,  884 
anal,  1046 

anastomotic,  jiosterior,  838 
anastomotica  magna,  838 
angular,  834 
anonyma,  828 
appendicular,  858 
auricular  posterior,  834 
axillary,  843,  844,  888,  895,  1199 
azygos  major,  827,  886,  887,  894,  895,  904, 
1197 

minor,  inferior,  828,  886,  887,  894,  895, 
904 

superior,  827,  886,  894,  895,  904 
basilar,  838 

basilic,  847,  888,  895,  904,  1202,  1203 
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Veins  or  Vein,  of  bones,  72 
bracliio-ceplialie,  828 
of  lii-ain,  837 
bronchial,  828,  895,  938 
buccal,  836 
capillary,  735 
cardiac,  anterior,  826 

great,  826 

middle,  826 

small,  826 

smallest,  826 
cardinal,  884,  886,  893 
cephalic,  847,  888,  895,  904,  1202,  1203 
cerebellar,  838 
cerebral,  837 

anterior,  838 

deep,  837 

inferior,  838 

sujierficial,  837 

superior,  837 
cervical,  deep  anterior,  830 
posterior,  830 

transverse,  834 
choroid,  837 

circumflex-iliac,  deep,  855 

superficial,  856 
colic,  858,  859 
coronary,  left,  826 

right!^  826 

of  stomach,  858,  895,  1010 
of  corpus  striatum,  533,  837 
of  cranium,  835,  839 
cystic,  858 

deep,  of  trunk  and  limbs,  826 
dental  inferior,  835 

superior,  835 
developjnent  of,  60,  884 
digital,  of  foot,  855,  888,  896 

of  hand,  845,  888,  895 
diploic,  835,  836 

frontal,  836 

occijjital,  836 

temporal,  836 
dorsal,  of  clitoris,  852 

of  penis,  852,  1116 

of  tongue,  956 
elastic  layer  of,  737 
of  embryo,  60 
emissary,  840,  841 
endothelium  of,  737 
epigastric,  deep,  855 

superficial,  856 

superior,  829 
facial,  anterior,  831,  832,  1172,  1182 

common,  831,  895,  1182 

deep,  832 

femoral,  852,  854,  896 
superficial,  855 

of  forearm,  superficial,  845 

jiosterior,  831,  835 
frontal,  834 
of  Galen,  563,  837 
gastric,  859,  1010 
gastro-epiploic,  858,  859,  1010 
gluteal  inferior,  851 

superior,  851 
haimorrhoidal,  inferior,  851,  1046 

middle,  851,  895,  1046 

superior,  859,  895,  1046 
of  head  and  neck,  831 
of  heart,  742,  743,  -748,  826,  895 
hepatic,  848,  885,  895,  905,  1070 


Veins  or  Vein,  hejiatic,  interlobular,  848 
heiDatic,  suljlobular,  848 
hypogastric,  850 

iliac,  common,  850,  886,  887,  894,  905,  1229 

external,  852,  854,  896 

internal,  850,  886,  887,  894 
ileo-csecal,  858 
infraorbital,  835 
ilio-lumbar,  850 
innominate^  828,  894 

left,  829,  886 

right,  829,  886 
intercostal,  828,  895 

anterior,  828 

left  superior,  828,  886,  887,  894,  895 

posterior,  828,  830 

right  superior,  828,  895     .  • 
interdigital,  of  foot,  855 

of  hand,  845 
interosseous,  of  hand,  845 
interventricular,  inferior,  826 
intestinal,  858 
jugular,  anterior,  834,  904  ' 

external,  832,  885,  886,  894,  904,  1183 

internal,  831,  886,  893,  894,  904,  1182 
bulb  of,  831 

posterior  external,  833 

primitive,  884,  886,  893 
of  large  intestine,  1025 
lienal,  859 
lingual,  831 
of  liver,  1070,  1071 
of  lower  limb,  852,  888,  895,  905 
deep,  852,  853 
superficial,  853,  855 
lumbar,  849,  887,  894,  905 

ascending,  827,  849 
mammary,  internal,  829 
marginal,  of  heart,  826 
masseteric,  835 
maxillary,  internal,  835,  895 
median,  of  bulb,  838 

of  forearm,  846,  888,  904,  1204 
deep,  846 
median-basilic,  846,  1204 
median-cephalic,  846,  904,  1204 
mediastinal,  829 
of  medulla  oblongata,  838 
meningeal,  835,  836 
mesenteric,  inferior,  856,  859,  895 

superior,  857,  858,  895 
metacarpal,  dorsal,  845 
of  mid -brain,  838 
morphology  of,  893 
muscle-fibres  of,  737 
musculo-phrenic,  829,  830 
nerves  of,  738 
of  nose,  834,  835  . 
oblique,  of  Marshall,  739,  826,  882 
obturator,  850 
occipital,  831,  834 
ophthalmic,  inferior,  835 

superior,  835 
of  orbit,  834,  835 
ovarian,  849,  894,  905 
palatine,  posterior,  835 
pancreatic,  859 

perforating  of  internal  mammary,  828 

pharyngeal,  831 

phrenic,  inferior,  848 

pleural,  829 

of  pons  Varolii,  838 
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Veins  or  Vein,  popliteal,  852,  853,  905 
portal,  825,  857,  884,  885,  895,  1070,  1197 

branches  of,  858 

capillaries  of,  857 

sinus  of,  858 
profunda  plitoridis,  851 

penis,  851 
pterygoid,  835 

of  pterygo-maxillary  region,  834 

pterygo-palatine,  835 

pubic,  855 

pudic,  internal,  851 

superficial,  856 
pulmonary,  825,  888,  895,  938,  939,  941 

orifices  of,  739,  743 
pyloric,  858,  895,  1010 
radial,  846,  888,  895,  904 
radicular,  of  bulb,  838 
raniue,  831,  956,  1176 
of  rectum  and  anus,  1046 
renal,  849,  888,  893,  894,  905 
sacral,  850,  851 
saphena  magna,  855 

parva,  856 

saphenous,  external,  855,  856,  888,  896,  905 

internal,  855,  888,  896,  905 

long,  1213,  1215,  1217,  1219 

short,  1217,  1219 
of  scalp,  834,  1159 
sciatic,  851 
segmental,  888,  893 
sigmoid,  859 

spermatic,  849,  887,  893,  895,  905,  1231 
spheno-palatine,  835 
spinal,  842 

longitudinal  anterior,  842 
posterior,  843 
of  spinal  cord,  843 
splenic,  856,  859,  1151 
sternal,  829 
of  stomach,  1010 
striate,  inferior,  837 
structure  of,  735,  737 

subclavian,  832,  886,  888,  894,  895,  904,  1183 
superficial,  of  trunk  and  limbs,  826 
supraorbital,  834 

suprarenal,  849,  887,  893,  895,  905 
suprascapular,  834 
Sylvian,  838 
temporal,  deep,  835 

superficial,  834 
temporo-niaxillary,  831,  832,  835,  894,  904 
thyroid,  inferior,  830,  895,  1155,  1180 

middle,  831,  895,  1155 

superior,  831,  895,  1165 
of  tonsil,  986 
tunica  intima  of,  737 

media  of,  737 
ulnar,  846,  888,  895 
umbilical,  50,  61,  885 
of  upper  limb,  843,  888,  895,  904 
deep,  843 

superficial,  845,  847,  904 
uterine,  851 
vaginal,  851 
valves  of,  737 
of  vertebrte,  842 
vertebral,  830 
vesical.    See  Vesical  plexus 
vessels  of,  737 
Vidian,  835 
visceral,  826,  895 


Veins,  vitelline,  60,  876,  884 
Velum  interpositum,  508,  562 
medidlary,  472 

inferior,  470,  472,  489 
superior,  441,  451,  472,  473,  489 
pendulum  palati,  948 
Vena  or  Venie,  advehentes,  885 
basis  vertebrae,  842 

cava  inferior,  825,  847,  886,  887,  894,  905, 
1229 

fossa  of,  1061,  1065 
orifice  of,  739,  742,  893,  1197 
cava  superior,  825,  827,  886,  903,  1192 

orifice  of,  739,  742,  894 
comites,  896,  904,  905 
magna  Galeni,  563,  837 
miiiimae  cordis,  742,  743,  826 
revehentes,  885 
vorticose,  683,  686 
Venous  arch,  dorsal,  of  foot,  855,  896 
of  hand,  845,  896 
transverse  of  foot,  855 
sinuses  of  cranium,  835,  839,  904 
valves  of  heart,  881 
Ventricles  cerebral,  development  of,  442,  443, 
487,  554 
fifth,  531 
fourth,  451,  1164 

acustic  area  of,  452,  481,  487 
calamus  scriptorius  of,  451 
choroid  plexuses  of,  473,  489,  562 
eminentia  teres  of,  452,  484,  487 
floor  of,  446,  461,  487,  488 
foramen  of  Majendie  of,  473,  560 
fovea  inferior  of,  452,  487 

superior  of,  452,  487 
lateral  recesses  of,  451,  473,  560 
ligula  of,  473 

locus  coeruleus  of,  452,  487 
obex  of,  473 
plica  choroidea  of,  489 
roof  of,  451,  473,  487,  489,  490 
strise  acusticie  of,  452,  459,  481 
substantia  ferruginea  of,  452 
trigonum  acustici  of,  452 
trigonuni  hypoglossi  of,  452,  477,  487 
vagi  of,  452,  478,  487 
lateral,  532,  1163 

amygdaloid  tubercle  of,  534 
body  of,  532,  533 
bulk  of,  534 
calcar  avis  of,  534 

choroid  plexus  of,  533,  535,  555,  562 
development  of,  554 
eminentia  coUateralis  of,  518,  535,  536 
ependyma  of,  532,  536 
fimbria  of,  535 
floor  of,  533,  535 
foramina  of,  532,  552,  560 
horns  of,  532,  534,  1160 
hippocampus   major  of.     See  Hippo- 
campus 
nuclei  of,  533,  535,  537 
pars  centralis  of,  533 
shape  of,  632 

tsenia  semicircularis  of,  533,  535,  541 
trigonum  of,  634 
third,  508 

choroid  plexus  of,  563 

floor  of,  508 

foramina  of,  509,  552 

gray  commissui-e  of,  503,  508,  552 
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Ventricles  cerebral,  tliird,  infuiKlihuluin  of,  5U/,  I 
510,  553 

tliird,  recessuti  o]>ticns  of,  510,  553 
pinealis  of,  510,  552 
suj^rapinealis  ol,  510 
roof  of,  508,  554 
sulcus  of  Monro  of,  510,  .')')-2 
walls  of,  508 
Ventricles  of  heart,  738,  743 
(levelo])nient  of,  879 
left,  745 
muscle  of,  747 
right,  744 
septum  of,  744,  896 
of  larynx,  917 
of  nose,  677 
of  Verga,  531 
Ventriculus,  1000 

terminalis  of  cord,  428 
Verga,  ^•entricle  of,  531 
Vermiform  api)eudix,  943,  1023,  1026,  1028 
in  animals,  1029 
development  of,  1027 
at  different  ages,  1 029 
lymphoid  nodules  of,  1030 
'  mesentery  of,  1029,  1054 
position  of,  1028 
structure  of,  1030 
surgical  anatomy  of,  1226 
vah  e  of,  1029 
vessels  of,  1025,  1030 
Vermis  of  cerebellum,  467,  468,  469 
Vernix  caseosa,  734 
Vertebra  or  Vertebrte,  72 

anticlinal,  86,  74,  75,  76,  81,  85,  90 
architecture  of,  87 
cervical,  73,  74,  75,  77,  78 
coccygeal,  73,  84,  90,  213 
common  characters  of,  73 
dorsal,  73,  78,  79 
epiphyses  of,  89,  90 
false,  72,  73,  81 
fixed,  72,  73,  81,  85 
lumbar,  73,  80,  81 
movable,  72,  73,  74,  85 
number  of,  73,  87 
ossification  of,  88 
prominens,  78 
j)seudo-sacral,  91 
relation  of,  to  cord,  420 
to  spinal  nerves,- 565 

of  important  structures  to  spines  ul\  1196, 
1198 
sacral,  73,  81,  90 
serial  homologies  of,  90 
thoracic,  73,  78  • 
true,  72,  73,  74 
typical,  73 

variations  in,  76,  77,  78,  81,  84,  87 
veins  of,  842 
Vertebral  aponeurosis,  307,  365,  366 
arterial  tubercle,  1183 

artery,  773,  778,  883,  890,  891,  897,  900,  1184 
border  of  sca]uda,  180 
Verteljral  column,  72 

articulation  with  cranium,  258 

curves  of,  85,  86 

length  of,  87 

ligaments  of,  253 

membranous,  28 

movements  of,  256,  371,  405 

surgical  anatomy  of,  1197,  1198 


Vertebral  column,  variations  in,  87 
as  a  whole,  85 
foramen,  73,  74,  75,  76,  78,  80 
formula,  73,  87 
line  of  pleural  refl(!xi()n,  929 
plexus,  667 
ribs,  94 
vein,  830 

Vertebrarterial  foramen,  75,  76  77,  78,  91 
Vertebrate  theory  of  skull,  177 
Vertebro-chondral  ribs,  94 
Vertebro-sternal  rilis,  94 
Vertical  plate  of  ethmoid,  124,  168 

of  palate  bone,  137,  154 
Verumontanum,  1120 
Vesalius,  foramen  of,  121,  152,  165 
Vesical  arteiies.    See  Arteries 
plexus,  672,  1102 

venous  inferior,  852,  895 
superior,  851,  895 
Vesicle,  auditory,  651 
blastodermic,  17,  48 
cerebral,  20,  441,  445 
chorionic,  50 
germinal,  10,  11 
optic,  442,  445,  698 
otic,  724 

recessus  labyrinthi  of,  725 
umbilical,  46 
Vesicnla  seminalis,  1104,  1107,  1109,  1233 
development  of,  1140,  1145 
structure  of,  lllo 
vessels  of,  1111 
Vestibular  ganglion,  647,  658,  659 

nerve.    See  Nerve 
Vestibule,  aortic,  746 
aqueduct  of,  115,  715 
of  labyrintli,  714,  715 
aqueduct  of,  715 
.crista  of,  715 
development  of,  725 
fenestra  ovalis  of,  707,  715 
fissnra  of,  715 
macula  cribrosa  of,  715 
pyramid  of,  715 
recessus  cochlearis  of,  715 
ellijiticus  of,  715 
sjjliericus  of,  715 
of  larynx,  915 
of  mouth,  945 
of  nasal  fos.sa,  677 
of  vagina,  1137 
bulb  of,  1122,  1139 
glands  of,  1138,  1139 
Vestigial  fold,  739,  750 
Vibrissa,  677 

Vicq  d'Azyr,  fasciculus  of,  503,  507,  531,  543 

foramen  cajcum  of,  446 
Vidian  artery,  767,  770 

canal,  122,  123,  154,  158,  160,  164 

nerve,  641,  642,  666 

vein,  835 
Vieussens,  annulus  of,  742 

ansa  of,  666 

limbus  of,  880 

valve  of  See  Velum  medullary  superior 
Villi,  arachnoidal,  840 

chorionic,  47,  50,  52,  55,  62,  63 

intestinal,  1012,  1022,  1023 
Vincula  accessoiia,  326,  327 
Visceral  arches,  34,  64,  176,  177,  659 

clefts,  34,  41,  42,  63,  64,  65,  659 


INDEX. 


13' 


Visceral  veins,  828,  895 
Visual  area,  551 

puri)l(i,  689 
Vitelline  body,  1 1 

cavity,  24 

duct,"  1022,  1055 

membrane,  10,  11 

veins,  60,  876,  884 
Vitello-intestinal  duct,  31,  46,  49,  1055 
Vitellus,  10 

Vitreous  body,  683,  693 
composition  of,  693 
development  of,  699 
fossa  patellaris  of,  693 
hyaloid  canal  of,  693 
membrane  of,  693 
Vocal  cords.    See  Larynx 
Voice,  organs  of,  907 
Volaris  profunda  artery,  791 

superticialis  artery,  787 
Vomer,  100,  136,  155,  168 

architecture  of,  136 

connexions  of,  136 

ossification  of,  136 

variations  in,  136 
Vomerine  cartilage,  676 
Vulva,  1136 

anterior  commissure  of,  1136 

bulbus  vestibuli  of,  1139 

clitoris  of    See  Clitoris 

development  of,  1146 

fossa  navicularis  of,  1138 

fourchette  of,  1137 

frennlam  clitoridis  of,  1137 

labia  majora  of,  1122,  1136,  1146 
minora  of,  1122,  11.36,  1146 

mons  Veneris  of,  1136 

posterior  commissure  of,  1136 

jn-sejtutium  clitoridis  of,  1137 

surgical  anatomy  of,  1233 

uro-genital  space  of,  1136,  1141,  1146 

vestibular  glands  of,  1138,  1139 

vestibule  of,  1137 

Walking,  movements  of,  365 
Wallerian  degeneraticni,  431 
Wliarton,  duct  of,  947,  962,  1176 

jelly  of,  50 
White  line  ot  anus,  1044 

of  pelvis,  409,  411 
White  matter,  development  of,  436,  437 

of  cerebellum,  470,  475 

of  cerebral  hemisplieres,  513,  546 

cerebros]iinal,  414 

of  cord,  425,  431 

of  medulla,  453 
Willis,  circle  of,  776 
Wind-jupe,  922 


AVing,  orbital,  120,  145 

temjioral,  120,  146 
Winslow,  foramen  of,  999,  1047,  1052,  1057 

1066,  1225 
Wirsnng,  duct  of,  1077 
Wisdom-teeth,  965,  969 
AVolffian  liodv,  .30,  1141 

duct,  11.39,"  1141,  1145  ' 

glomeruli,  1142 

ridge,  45,  64,  620 

tubules,  1142 
Womb,  1122,  1128 
Wormian  bones,  103,  127,  154 
Wrisberg,  ganglion  of,  652 

pars  intermedia  of,  482,  484,  644,  645,  64 
657,  660 
Wrist,  aiundar  ligaments  of,  322 

arterial  arches  of,  791 

bones  of,  197 

movements  at,  335 

surgical  anatomy  of,  1205 

sjaiovial  sheaths  at,  322,  323 

Xiphisternal  joint,  264,  1184,  1197,  1223 

sternum,  9i,  92,  1198 
Xiphoid  cartilage,  91,  92,  264,  1198 

Y-ligament  of  Bigelow,  286 
Yello-\v  marrow,  69 
Yolk,  10 

formative,  10 

granules,  10,  46 

nutritive,  10 

sac,  46,  58,  63  .  . 

cavity  of,  26,  48 

Zahnleiste,  976 
Zinn,  zonule  of,  693 
Zona  arcnata,  721 

fasciculata  glandulte  suprarenalis,  1154 

glomerulosa  glandul;"e  suprarenalis,  1154 

orl  licularis,  286 

pectinata,  721 

pellucida,  10,  11 

reticularis  glandube  suprarenalis,  1154 
striata,  11 

Zones  of  abdomen,  997.    See  also  Abdomen 
Zonula  ciliaris,  693 
Zomde  of  Zinn,  693 
Zygapo2)hyses,  74,  91 
Zygoma,  110,  111 

Zygomatic  arch,  150,  151,  155,  157,  1160,  117 

fossa,  152,  159 

lymphatic  glands,  865 

process,  110,  111,  127,  129,  132,  151,  157 
Zygomatico-orbital  artery,  765 
Zygomaticus  major  muscle,  377,  378 

minor  muscle,  377,  378 
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